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Summary 
Engaging in physical activity (PA) has prolonged benefits for the physical and mental 
development of teenagers. Recent advances in human-computer interaction (HCI) have 
enabled the integration of interactive technologies into recreational PA and sports, extending 
beyond elite sports. However, adapting such technologies to meet the developmental needs 
of teenagers requires further investigation. 

Schools, particularly physical education (PE), provide the most accessible and inclusive 
context for teenagers to participate in diverse forms of PA. This research therefore focuses 
on technology-enhanced PA interventions that promote teenagers’ active participation in the 
PE context. Specifically, this thesis explores design approaches for digitally augmented 
feedback (DAF) systems that are developmentally appropriate for teenagers, and it 
investigates how such systems can enrich teenagers’ enjoyment experiences, enhance social 
engagement, and improve physical competence in PE. The ultimate goal is to promote 
teenagers’ sustained participation in PA. 

This thesis addresses four research questions (RQs): 

RQ1: What design knowledge can be developed to inform the creation of PA interventions 
for teenagers? 

RQ2: What are users’ perceptions of feedback and the contextual requirements for 
integrating DAF systems into PE? 

RQ3: How, and to what extent, can a developmentally appropriate DAF system influence 
teenagers’ enjoyment, social engagement, and physical competence in PE? 

RQ4: What design implications can be proposed for DAF systems to enrich teenagers’ PA 
experiences in school setting? 

A research-through-design approach was adopted in two iterative cycles of design research, 
combining literature analysis, user and contextual studies, artefact development, and field 
evaluations. 

In the first cycle, an exploratory study investigated the potential of integrating a DAF system 
into PE context. We designed and evaluated Shuttlezap, a collaborative tangible play system 
that generates real-time audio feedback based on players’ behavioural patterns and 
performance. This study addressed RQ2 by identifying initial user and contextual 



requirements for DAF system in PE, and RQ3 by revealing the potential of the DAF system 
to enhance playful and social experiences that motivate PA. 

The second cycle encompassed three successive studies, a literature review, user interviews, 
and the development and field evaluation of a DAF system. To gain a deeper understanding 
of the design knowledge required to develop DAF systems, we conducted a systematic 
literature review and analysed 25 studies focused on technology-enhanced interventions 
aimed at promoting PA among teenagers. This review addressed RQ1 by establishing a 
theoretical understanding of the phases and requirements essential for designing 
interventions for teenagers’ PA. We developed a design practice diagram that illustrates the 
relation among the seven requirement topics throughout four design phases. Furthermore, we 
derived a framework that examines these seven topics for design requirements through the 
triple roles that teenagers play: as players, learners, and users. We addressed RQ4 by 
proposing four recommendations that could support design decisions in the development of 
interventions to promote PA among teenagers.  

Suggested by the recommendations of the review study to expand teenagers’ experience 
needs, we investigated feedback experiences from the perspective of multiple stakeholders 
in the PE context. Specifically, we conducted semi-structured interviews with 20 teenagers, 
four PE teachers, and three PE teacher educators to gain a contextual understanding of their 
feedback perceptions. This user study addressed RQ2 by identifying the affective and 
physical developmental needs of teenagers, the practical constraints facing PE teachers, and 
the pedagogical expectations of PE teacher educators. Additionally, we investigated users’ 
acceptance of PA-related technologies and addressed RQ4 by proposing three design 
opportunities for the implementation of DAF systems in PE. 

After gaining a contextual understanding of feedback in PE, we designed, implemented, and 
evaluated a DAF system that provides feedback on PA-related physiological data. We started 
by developing a fitness game called FitBirds, which represented teenagers’ heart rate data 
through anonymous birds in a game scenario to improve the enjoyment and social 
engagement in PE. Next, we implemented and evaluated FitBirds in a three-week field study 
to investigate the effects of the DAF system on teenagers’ PA experiences. We addressed 
RQ3 by examining how FitBirds impacted teenagers’ experiences with respect to enjoyment, 
social presence, and competence. We gathered detailed perceptions of these experiences and 
the underlying reasons during interviews with the teenagers. Additionally, we addressed RQ2 



by investigating the expectations of two PE teachers about the integration of the DAF system 
into PE during post-study interviews. 

Our design research aimed to promote teenagers’ PA participation within a PE context. We 
focus on designing DAF systems to enhance enjoyment experiences and social engagement. 
Throughout this design research work, we developed a design practice diagram and a 
requirement framework that provide contributions to intermediate-level knowledge for the 
design practice of DAF systems. Additionally, we concluded design implications to inform 
the directions for innovation in DAF systems to enhance teenagers’ PA and PE experiences. 
We empirically contributed to the field by investigating the users and contextual 
requirements necessary for developing DAF systems in PE, gathering insights from multiple 
stakeholders. Moreover, we examined the impacts of two DAF systems on the enjoyment, 
social engagement, and physical competence of teenagers. Finally, we provided artefactual 
contributions by developing two intervention artefacts, Shuttlezap and FitBirds, serving as 
design examples for our envisioned DAF systems. Together, these contributions inform the 
design and implementation of developmentally appropriate DAF systems, improving 
teenagers’ PA experiences in the PE context. 
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 1 

Chapter 1. 

Introduction1  
This thesis relates to the challenges teenagers face in developing a physically active attitude 
and sustaining lifelong participation. Guided by the notion that physical activity experiences 
during early teenage years greatly impact future participation, this thesis aims to design 
digitally augmented feedback interventions that are developmentally appropriate for 
teenagers of 11 to 15 years old. These interventions seek to enhance teenagers’ physical 
activity enjoyment and foster socially engaging experiences within the context of physical 
education. The research presented in this thesis has taken the following steps: 1) providing  
knowledge in designing technological interventions that facilitate physical activity, 2) 
investigating users and contextual requirements of feedback in physical education, 3) 
examining the extent to which the digitally augmented feedback system could contribute to 
teenagers’ overall physical activity experiences, 4) proposing implications to inform the 
future design of digitally augmented feedback systems. 

This chapter begins by discussing the physical and mental benefits of physical activity, 
highlighting the role of physical education in encouraging physical activity among teenagers, 
and examining the motivational factors in physical activity and physical education. Then, the 
advantages and limitations of relevant technological interventions to facilitate physical 
activity are analysed. Subsequently, the research aim, objectives, opportunities, questions, 

 

1 This chapter is partially based on the following publications. 

Ma Y. (2017) Designing Persuasive Play Experiences for Children's Collective Physical Activity. In 
PERSUASIVE'17-Adjunct Proceedings of the 12th International Conference on Persuasive Technology 
(pp. 87-88). University of Twente, The Netherlands. 

Ma, Y., Yu,B., Vos, S., van de Ven, J., Bekker, T., & Hu, J. (2019). Designing Digitally-Augmented 
Feedback for Physical Education. In SECSI'19-Proceedings of the 4th Science and Engineering 
Conference on Sport Innovation (pp. 79-81), Eindhoven University of Technology, Eindhoven, 
Netherlands. 
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approach, and implementation considerations are addressed. Finally, an overview of the 
thesis is presented that describes the content of the five upcoming chapters.  

1.1 Physical Activity, Physical Education, and Teenagers 

In this thesis, we explore the design of interventions that promote teenagers’ active 
participation in physical activity (PA) and enhance their experiences in the physical 
education (PE) context. More specifically, the research presented in this thesis focuses on 
designing digitally augmented feedback to support teenagers’ developmental needs in PA by 
enriching enjoyment, enhancing social engagement, and improving physical competence in 
PE. By fostering these essential motivational factors, we aim to promote sustained PA 
participation, ultimately contributing to a healthier and more active teenage generation. 

Before delving into the design of PA interventions, it is essential to understand the role of 
PA and PE in the lives of teenagers. This section discusses the importance of PA for teenagers, 
how PE serves as the most accessible context to encourage their PA, and the motivational 
factors for teenagers to participate in PA and PE. 

1.1.1 The Importance of Physical Activity for Teenagers 

PA encompasses any skeletal or muscular movement that results in greater energy 

expenditure than the body experiences at rest [64]. Engaging in PA can yield various benefits 

in all age groups, enhancing physical, social, emotional, and psychological well-being [159, 

244, 283]. The World Health Organisation advocates children and teenagers (aged 5-17 years) 

participate in a minimum of 60 minutes of PA at a moderate- to vigorous-intensity level daily 

to promote their overall health [290]. Moreover, the researchers recommend consistent 

moderate- to vigorous-intensity PA, as studies have shown that adherence to this PA 

guideline is associated with specific health advantages in children and teenagers [15, 40]. 

According to the World Health Organisation, “adolescence is the phase of life between 
childhood and adulthood, from ages 10 to 19” [2]. An alternative term for adolescents is 
“teenagers”, typically referring to individuals aged 13 to 19, while those aged 10 to 12 are 
often considered pre-teens. Throughout this thesis, I use the term “teenagers” to refer to 
research subjects aged 10 to 19 as mentioned in the literature. My own studies specifically 
focus on teenagers between the age of 11 and 15, as detailed in each study. 
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1.1.1.1 Beneficial Effects on the Promotion and Prevention of Physical 
and Mental Health 

The beneficial effects of regular PA participation among children, teenagers, and youths are 
examined in their contributions to musculoskeletal and cardiovascular fitness, subsequently 
playing a profound role in reducing health risks such as osteoporosis [33], high blood 
pressure, obesity [138, 166, 355, 368], and type II diabetes [40]. 

Moreover, active PA participation has been identified to promote psychosocial and mental 
health, particularly in terms of enhanced self-esteem [355], improved mood and affect [284, 
353], overall well-being, and general quality of life [36, 110, 291]. Further research indicates 
that higher levels of vigorous PA participation contribute to teenagers’ affective well-being 
by enhancing positive affect (i.e., joyful, cheerful, happy, lively, proud) and reducing 
negative affect (i.e., miserable, mad, afraid, scared, sad) [76]. Additionally, PA is suggested 
as both a preventive measure and a treatment for common mental disorders such as stress, 
anxiety, and depression [145, 219, 325, 355]. 

1.1.1.2 Physical Inactivity and Risks Among Teenagers 

A significant body of research underscores the global concern and severe public health 
problems posed by sedentary lifestyles, particularly the phenomenon of physical inactivity 
during the teenage years. Specifically, from the onset of the pre-teen stage through the 
conclusion of their secondary school years (between 10 and 19 years old), teenagers 
experience a marked decline in attitudes, experiences [203], perceived competence [396], 
levels of PA, and activeness both within and outside the school [18, 47, 69, 78, 243, 323], 
rendering the transition from childhood to adulthood a high-risk period for PA dropout [73]. 
Consequently, teenagers have become polarised into active and inactive populations over 
time [66].  

Research indicates that physical inactivity during the teenage years predicts sedentary 
behaviour in adulthood, resulting in lifelong health risks [322]. Likewise, an active lifestyle 
in adulthood often originates from habits formed during the early teenage years, where PA 
becomes ingrained [350]. A good fitness profile during puberty is also correlated with 
favourable cardiovascular health in adulthood [48, 167, 381]. Therefore, interventions to 
promote PA levels, enhance fitness, and foster lifelong participation are urgently needed to 
address physical inactivity, prevent PA decline, eliminate lifetime health risks, and accrue 
physical and mental benefits, particularly during early teenage years.  
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1.1.2 Physical Education as a Context to Encourage Physical 
Activity in Teenagers 

Among worldwide school-age children, teenagers, and youths, physical education (PE) is the 
most accessible and cost-effective setting for participation, acquisition of motor skills, and 
fostering interest in a variety of PA [142, 188]. As a mandatory curriculum for school 
education, PE provides compulsive PA time, access to various sports facilities, spacious 
gymnasiums, and professional guidance. With the support of PE teachers, peers, and parents, 
PE facilitates the safe development of physical competence and confidence through 
extensive exploration of PA [411]. Furthermore, with a mandate in public health education, 
PE extends beyond the mere development of movement skills to disseminate essential health 
and physical literacy knowledge, fostering a positive attitude towards a physically active 
lifestyle [95, 103, 133, 148, 202, 412]. 

1.1.2.1 Facilitating Balanced Development of Teenagers 

Despite the well-documented benefits of PA for the physiological and psychosocial health 
of school-age students, it is essential to underscore its impact on meeting developmental 
needs during the teenage stage, encompassing physical growth, biological maturation, and 
behavioural development [355]. Scholars and practitioners in children’s sports advocate 
maximising the physical, social, emotional, and intellectual capabilities of a child through 
sports participation [156]. Similarly, this consensus extends to PE and school sports, with the 
aim of fostering holistic development in the physical, social, affective, and cognitive 
domains. These domains constitute the multidimensional nature of PE [95, 148] and are 
recognised as central aspects of the development and well-being of school-age students [25, 
26, 412]. 

In terms of physical development, PE significantly increases school-age students’ PA energy 
expenditure during school hours [340], offering a safe and supportive context for acquiring 
a range of motor skills [26], improving PA levels and fitness [322], and developing physical 
competence, thereby establishing a crucial foundation for subsequent participation [274], 
mastery, and excellence in PA [25, 410].  

Purposeful participation in PE is believed to appropriately shape the social development and 
prosocial behaviours of school-age students [26]. Notable social achievements in PE include 
improved moral reasoning [256], the cultivation of personal and corporate responsibility 
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[333], instilling sportsmanship and fair play [54], fostering empathy [26], nurturing trust 
[58], building social connections [20, 152], and fostering a sense of community [25, 99]. In 
turn, the social skills acquired in PE serve as accumulated social capital, preparing 
individuals for their later social life in adulthood [24]. 

The affective benefits of PE overlap partially with learning outcomes in the social domain, 
with sports often recognised as conducive to building personal character [153]. Within the 
safe and supportive PE context, teenagers’ sense of identity, empowerment [250], and 
perceived competence are cultivated, contributing to enhanced self-esteem [25] 
and personality growth [291]. Additionally, studies have examined the affective benefits of 
learning motivations, such as enhanced mood [110, 291], readiness to learn, and enthusiasm 
for learning [26]. 

Lastly, various studies highlight the positive impact of PA and PE on students’ cognitive 
development, particularly in terms of academic performance [25, 233, 355]. Participation in 
PE and school sports influences cognitive functioning by increasing blood flow to the brain, 
enhancing mental alertness, heightening levels of arousal, stimulating brain development 
[26], improving concentration [65, 240, 303], and increasing time on task [93, 230], 
ultimately enhancing academic performance in school-age students.  

1.1.2.2 Fostering a Positive Attitude to Active Lifestyles 

Advocacy for a physically active lifestyle and the preparation of school-age students for 
lifelong health are recognised as the overarching objectives of PE [25, 132, 148, 288]. Studies 
have examined critical predictors of lifelong PA and healthy lifestyles in adulthood [25, 31, 
148], including active participation [366, 367], diverse sports skills [364], and health-related 
behaviours learnt in childhood [178].  

Among the prerequisites for lifelong vitality that must be developed in the teenage years, 
positive attitudes and enjoyable experiences in PE hold particular significance, as PE serves 
as the primary context for individuals to gain early experiences of PA [59]. The educational 
value and social significance of the pleasure of movement in PE have been emphasised in 
relevant studies [298]. For instance, maximising inherent enjoyment in deliberate play 
contributes to quality and meaningful PE learning experiences, which critically influence 
school-age students’ competence, perceptions, and motivation in PA, thus reinforcing their 
sustained PA participation throughout the lifespan [148, 188, 391, 406]. Moreover, positive 
(or negative) experiences in PE have a pronounced magnifying impact on the willingness of 
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teenagers to engage in PA. Specifically, PE enjoyment is positively associated with PA 
enjoyment, higher levels of PA participation, and a better physical health profile among 
teenagers [411]. Meanwhile, negative affective and emotional experiences in PE have a more 
significant impact on PA related decision-making than positive childhood memories [203].  

Therefore, whether to implement preventive measures or maximise the opportunities for PA 
motivation, it is crucial to recognise that by intervening early in the teenage stage, the 
likelihood of PA as a lifetime goal will increase [47].  

1.1.3 Motivation in Physical Activity and Physical Education  

When fostering a positive attitude and encouraging active participation in PA among 
teenagers, it is essential to understand their motivations both in PA and PE. Motivations 
directly influence their participation, persistence, and overall enjoyment of these activities. 
Therefore, we delve into the theoretical definitions of PA motivations, including amotivation, 
extrinsic motivation, and intrinsic motivation. Furthermore, we discuss the common 
motivational factors of enjoyment, relatedness, and competence, which have been identified 
in empirical studies. 

1.1.3.1 Amotivation, Extrinsic Motivation, and Intrinsic Motivation 

Self-Determination Theory [84] is a prominent theory in behavioural motivation, 
underscores individuals’ innate psychological needs for competence (i.e., belief in and 
ability to fulfil tasks), relatedness (i.e., sense of belonging and connection with others in 
one’s surroundings), and autonomy (i.e., feeling of personal choice) as pivotal self-
determined motivators for action. As shown in Figure 1.1, this theory has delineated a 
continuum of motivation levels and types [350], spanning from nonself-determined 
amotivation (i.e., non-regulation) through four types of extrinsic motivation (i.e., external 
regulation, introjected regulation, identified regulation, integrated regulation), to high self-
determined intrinsic motivation (i.e., intrinsic regulation) [319, 320].  

 
Figure 1.1. The self-determination continuum [385]. 
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Amotivation occurs when individuals fail to appreciate the activity [317], unable to perceive 
the connections between their actions and outcomes, or lack competence, resulting in neither 
intrinsic nor extrinsic motivation to perform [320, 350]. 

Extrinsic motivation entails engaging in activities for their instrumental value and separable 
outcomes [319], such as rewards, payments, directives [192], competition pressures [305], 
deadlines [12], threats [82], and sanctions. Among the four regulatory styles of extrinsic 
motivation, external regulation (i.e., compliance, external rewards, and punishments) and 
introjected regulation (i.e., self-control, ego-involvement, internal rewards and punishments) 
are the most controlled and relatively controlled forms of extrinsic motivation, respectively, 
also referred to as controlled motivation. Conversely, identified regulation (i.e., personal 
importance, conscious valuing) and integrated regulation (i.e., congruence, awareness, 
synthesis with self) are relatively well- and most internalised extrinsic motivations, 
respectively, categorised as autonomous motivation [83, 320, 385].  

Intrinsic motivation involves engaging in activities solely for their inherent interest and 
satisfaction, such as feelings of enjoyment, pleasure, fun, and challenge [319]. Stronger 
intrinsic motivation implies a higher sense of personal commitment and is associated with 
greater perseverance, improved self-perceptions, and higher quality of engagement [319]. 
Conversely, extrinsic motivators can undermine intrinsic motivation [96, 212] as they shift 
the locus of causality from internal to external, creating the sense that behaviour is being 
controlled [83, 319].  

High self-determined motivation, encompassing autonomous extrinsic motivation (i.e., 
identified regulation, and integrated regulation) and intrinsic motivation, has been found to 
predict PA intention positively [350] and directly correlate with quality PE outcomes. 
Specifically, learning outcomes regarding enhanced behavioural performances are observed, 
including improved concentration [351], strength, endurance, cardiovascular functioning 
[336], motor skill performance [46], persistence [106, 268, 383], participation [271, 394], 
and physical effort [269, 271, 352]. Increased affective outcomes are also noted, such as 
interest [128], enjoyment, fun, satisfaction, and engagement [271, 360, 394], preference 
towards challenging tasks [351], and intention to sustain PE and PA participation [140, 269, 
350], as well as better acquisition of cognitive knowledge [206, 336]. Moreover, higher 
levels of intrinsic motivation are associated with greater persistence and adherence to PA [1, 
16, 90, 249].  
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Conversely, low self-determined motivation, encompassing controlled extrinsic motivation 
(i.e., external regulation, introjected regulation) and amotivation, are correlated with 
negative feelings of boredom [269, 271], unhappiness [255, 351], limited cognitive 
knowledge acquisition [359], and low intention to maintain physically active [350]. 

In addition to fostering individual autonomous motivation, its enhancement on a class scale 
is especially emphasised [360]. The research findings underscore that the class with stronger 
autonomous motivation is positively correlated with higher overall PA levels, increased 
activeness, enhanced PA engagement, and greater commitment and passion compared to 
other PE classes [3].  

Considering the insights from these motivational studies, it is important to increase both 
autonomous extrinsic motivation and intrinsic motivation while eliminating controlled 
extrinsic motivation and amotivation. This approach should be implemented at both the 
individual student level and on a class scale. The design of intervention should prioritise 
facilitating a learning environment that highlights internal rewards such as personal growth, 
enjoyment, and social relatedness, which aims to encourage students to adopt a regular PA 
routine that will endure throughout their lives. 

1.1.3.2 Essential Motivational Factors in Empirical Studies 

In addition to theoretical motivation frameworks, various empirical studies have aimed to 
identify motivational factors in participation and adherence to PA [1, 16, 90, 249]. Previous 
research has indicated that adherence to exercise correlates with intrinsic motivations centred 
on enjoyment, social interaction, and competence [318]. Conversely, a lack of enjoyment, 
social pressures, and low perceived physical competence are identified as intrapersonal and 
interpersonal constraints that lead to youth PA dropout [78]. Enjoyment, social support, and 
perceived physical competence in PE are crucial variables in predicting participation and 
non-participation, as well as determining the extent of school-age students’ PA levels, 
frequency, and intensity outside of school [61, 391].  

Apart from having fun, adequate social interaction, and motor skills development through 
PA are rated the top three goals of PE among Dutch secondary schools [51], these 
factors intersect to shape meaningful experiences in PE and youth sports. In other words, the 
interplays between fun, social interaction, and motor competence can hinder or enhance each 
other [35]. Specifically, perceptions of social belonging and physical competence are argued 
to reciprocally influence each other [4]. Moreover, positive social interactions have been 
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frequently cited as to improve enjoyable experiences [35, 163, 214, 341]. Teenagers perceive 
fun and enjoyment as stemming from the challenge of developing competence [91], while 
enjoyment can also strengthen self-esteem, thus enhancing competence and motivation to 
participate further [404]. 

A review study also elaborated on the significance of these three motivation determinants in 
youth PA [401]. Specifically, positive affect, including enjoyment and pleasure that paint 
young people’s delightful experiences, plays a primary role in motivating both short-term 
and long-term PA participation; social relatedness, such as support and relationships with 
others, enhances youngsters’ need for recognition, acceptance, friendship, and approval, 
influencing PA engagement and subsequent psychosocial and behavioural outcomes; 
perceived competence, where the willingness to acquire and demonstrate physical abilities, 
fitness, and bodily appeal, predicts intrinsic motivation and levels of PA.  

Enjoyment functions as both a cause and an outcome of effective PE [91], serving as an 
important motivator that influences participation in PA [326] and as an affective outcome of 
PE [52, 276, 395]. Specifically, studies have shown that a stronger experience of enjoyment 
correlates with higher intrinsic motivation [186] and willingness to participate [327, 328], 
thereby determining the likelihood of sustained PA participation. Meanwhile, school-age 
students regard enjoyment as a positive affective response to PE, acting as a primary driver 
for PA engagement [26] and a prominent purpose of PE [341]. 

Research has underscored the pivotal role of social motivational orientations in youth PA 
participation [4]. Specifically, goals related to social affiliation and recognition contribute to 
perceived relatedness and enjoyment of PE, and goals associated with social recognition and 
status strongly predict students’ engagement in PA outside of school [392]. Moreover, the 
social context and relationships that are nurtured within the PE setting, including perceived 
teacher support and relatedness, contribute to self-determined motivation [77]. Particularly 
during crucial transitional phases (i.e., changing schools, transitioning into adulthood), 
positive social support from both school [5] and family is essential to maintain PA 
involvement [73].  

Concerning physical competence, research suggests that both perceived and actual 
competence contribute to the attainment of PA and subsequent enjoyment in young people 
[21, 148, 221]. Specifically, an individual’s perception of competence can impact their self-
esteem, with students perceiving higher competence in PE participating more frequently in 
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out-of-school PA and at higher intensity levels than those with lower competence perception 
[61, 391]. 

A synthesis of previous research on school-age students’ motivation for PA and PE 
highlights the significance of self-determined intrinsic motivation from a theoretical 
perspective. Empirical studies elaborate further on essential motivational factors, including 
enjoyment, relatedness, and competence. These three factors are interrelated and contribute 
to stimulating participation interests, enhancing engagement, maintaining continued PA 
involvement, and aligning with quality PE learning experiences and educational objectives. 
Consequently, this design research focuses on motivating teenagers’ long-term PA 
participation by enhancing their enjoyment and social experiences in PE, thereby improving 
their self-perceived competence.  

1.2 The Role of Technological Interventions in Physical 
Activity 

With the widespread adoption of technology, the younger generation, often referred to as 
digital natives, grow up immersed in the digital realm of computers, video games, and the 
Internet [297]. This trend has inspired the integration of interactive technologies to facilitate 
daily PA among the masses. The burgeoning health and fitness technology market, coupled 
with popular consumer electronics such as PA trackers (e.g., Apple Watch, Fitbit Charge), 
fitness training applications (e.g., Strava, Runkeeper), and exergames (e.g., Ring Fit 
Adventure, Just Dance), underscores the advantages of technology in promoting an active 
lifestyle. 

In the field of human-computer interaction (HCI), various design and research studies have 
explored various forms of technology interventions to increase PA participation. By 
providing highly responsive, interactive, and immersive multimodal feedback, these 
technological augmentations [273] have successfully stimulated multisensory PA 
experiences, thereby enhancing players’ motor learning [338]. 

1.2.1 Encouraging Enjoyment 

HCI has advocated the design of playfulness to create more engaging, attractive, and pleasant 
experiences that satisfy the emotional needs of users, in addition to ensuring the utility and 
usability of interactive products [87, 196]. In the design of PA interventions, playful 
persuasion principles have been applied to intrinsically motivate active participation, ranging 
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from teenagers [357, 373] to older adults [314]. The deliberate consideration of playful 
interactions has also been integrated into the design of interactive play objects to stimulate 
social interaction and physical play among children [34]. Playification, which combines play 
and (digital) game design elements, is thus recognised as a practical approach to fostering 
users’ intrinsic enjoyment experiences and playful behaviour [267, 357]. Given its capacity 
for open, exploratory, free form play [88], playification for PA promotion is commonly 
applied in open-ended physical play and public spaces [356, 373, 374, 380] with few design 
cases exploring its implementation in a formal PE learning context [372]. Therefore, there is 
still much to explore regarding how playification can be integrated into well-structured PA 
and formal PE learning contexts. 

Parallel with the prevalence of playification, gamification has also become widely adopted 
in services and applications designed to make tasks more ‘fun’. Defined as the integration of 
(video) game elements in non-game contexts [88, 89], gamification has given rise to various 
concepts in the design of PA, such as exergames [70, 204, 208, 228, 258], active video games 
[125] , fitness games [201, 234], gamified fitness applications [14, 118, 181, 218], and 
gamified PA feedback [329]. 

Gameful design elements emphasise rule-bound, goal-oriented play [88], aligning with the 
traits of sports games. Consequently, various studies on gamified fitness design have 
explored its potential in the PE context. For instance, several studies recommend exergames 
as fun and engaging tools to encourage students’ active PA participation [216, 236, 349, 361], 
improve motor skills [242], and physical fitness [281]. However, the educational value of 
exergames in PE as teaching aids remains unexplored [183, 281], partly due to the limited 
choice of teaching content and the lack of customisation of learning goals [242]. 

In summary, this design research aims to incorporate the advantages of playification and 
gamification into technology intervention design, assuming that this approach encourages 
teenagers’ intrinsic enjoyment, playfulness, and fun experiences of PA while allowing 
customisation and applicability in PE teaching. 

1.2.2 Enriching Social Engagement 

In addition to encouraging enjoyable PA experiences, social influence strategies (e.g., 
cooperation, competition, social comparison, and social recommendations) have been widely 
recognised and commonly applied in developing technology interventions for promoting PA 
[6, 124]. Positive social environments created in dance exergames contribute to improved 
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subjective health among teenage girls, stabilise peer conflict, and foster sustained 
engagement in PA [348].  

Various approaches to utilising social influence strategies in PA promotion have been 
extensively explored in relevant design research studies. Some researchers focus on 
encouraging social collaboration by facilitating awareness of group progress feedback [102] 
or enabling collaborative training among players [80, 171, 172]. Meanwhile, others 
emphasise social exertion play, which enriches bodily interactions between players [217], as 
exertion and social play can mutually facilitate and benefit from each other [257, 260]. 
Similarly, social immersive media augmented interactive playgrounds have emerged [85, 
252, 343, 344, 370], aiming to influence proxemics between players [259] and foster their 
social-emotional development in movement-based games. Moreover, a significant body of 
literature focuses on the balance of challenge levels to enhance engagement experiences 
among team players with varying physical skills [8, 10, 11, 45, 264, 304], fitness abilities 
[261], and intensity levels [9]. 

1.2.3 Enhancing Perceived Competence 

Intrinsic and extrinsic feedback are two types of feedback related to movement. Intrinsic 
feedback refers to the innate sensory-perceptual information experienced by an individual 
during PA. Besides, extrinsic feedback, alternatively termed augmented feedback, is 
provided by external sources during or after a performance [72]. Such extrinsic feedback is 
commonly addressed by PE teachers and peers within the PE context and therefore is crucial 
to improving the learning of motor skills among students [141, 248, 419]. Consequently, the 
capability of technological interventions to provide comprehensive and personalised 
feedback to students emerges as a fundamental advantage in establishing a technology-
enhanced PE learning environment [361].  

In HCI, digitally augmented feedback (DAF) with real-time and multimodal features has 

been extensively explored to facilitate motor learning [338]. For instance, video feedback 

has been highlighted for providing school students with timely, high-quality, and engaging 

feedback [79], which enhances their motor skill execution [247], technique and knowledge 

acquisition [199, 280], motivation, and self-assessment in PE [295]. Similarly, auditory and 

visual feedback augmentations have been investigated to provide instruction and guidance 

during motor skill practice and training. Examples include the SwingSound system, which 

augments the sound of golf swings to help players reflect on the rhythm of their swing 
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movements [272], and the Motion Echo Snowboard, which augments the player’s weight 

distribution of body movements during snowboarding through objective visual display 

feedback [285].  

Another category of PA competence enhancement through technologies involves the 
integration of PA trackers and wearables for measuring body movements [92, 266, 312], 
monitoring long-term performances [120, 129, 253] and quantifying [71, 241, 315] or 
representing [74] personal PA informatics.  

These studies have demonstrated that the intuitive and responsive features of DAF are 
practical for the acquisition, tracking, and representation of real-time PA data, thereby 
promoting competence development. Nevertheless, further exploration is needed to integrate 
DAF for teenagers’ PA in the PE context, particularly user-specific customisation [60] and 
meaningful data interpretation [263].  

1.2.4 Potential Risks of Technological Interventions 

Recent HCI research has also revealed some adverse effects of using PA technology among 
teenagers. For instance, teenagers have shown resistance to wearable trackers because these 
devices fail to keep them engaged for more than a few weeks and tracked data can make 
them feel pressured [127]. Additionally, viewing images through digital videography can 
affect teenagers’ self-concepts [168], which they may lack the skills to manage.  

Without the appropriate knowledge and guidance, teenagers face many risks when using PA 
technology. For example, completing daily steps and calorie-burning targets is often 
narrowly interpreted by teenagers as a measure of ‘fit’ or not ‘fat’ [127]. Teenagers in the 
UK have expressed similar barriers to seeking additional advice when using self-tracking 
applications and devices. According to a research report, teenage users and their families 
often find it challenge to comprehend personal health classifications and the implications of 
the health data they generate. Consequently, teenagers are uncertain about how to effectively 
use digital health technologies for their personal circumstances [310]. 

Using PA technology, particularly self-tracking devices, has been recognised by teenagers 
as necessitating supportive educational resources at every stage of their practice [114]. 
Therefore, it is crucial to carefully evaluate the benefits and risks of technology usage in 
education and health [169] to facilitate school-age students in accessing, selecting [17], using, 
and engaging with PA technology properly [126]. However, despite the support provided by 
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PE teachers, the research findings on the impact of integrating technology in PE remain 
controversial. These varied results encompass the use of mobile applications, video feedback, 
and online PE with the goal of increasing students’ PA and promoting their health [190]. For 
instance, a short-term (two weeks) study found a decrease in PA participation when using 
mobile applications in PE [209], while a longer-term (seven months) study reported an 
increase in participation [282].  

Researchers have suggested that the technology used in PE needs to be appropriately tailored 
to the specific teaching-learning situation to effectively increase knowledge acquisition [190]. 
However, existing PA technology lacks close integration with PE pedagogy [62]. For 
instance, studies on the use of applications in PE have found that the quality of application 
content can be improved by strengthening the connections with the official curriculum 
content [122]. Other researchers advocate that the use of technology should go beyond 
simply achieving performance-oriented goals but also to the broader vision of PE, such as 
sustaining students’ PA and learning experiences [168]. Therefore, when customising PA 
technology for PE, it is important to consider student perceptions of technology integration 
[235], such as well-informed learning purposes [384], offering a variety of technology forms 
[193], and providing a reflexive approach to use [44].  

Finally, effective implementation of PA technology in PE necessitates thorough training of 
PE teachers to deliver adequate presentations and provide additional guidance [316]. Studies 
have revealed that the level of knowledge PE teachers possess about PA technology greatly 
influences their attitudes towards technology adoption in PE [193]. Additionally, disparities 
in technical support in schools can result in variations in the integration of technology for 
teaching and learning in PE [390]. It is foreseeable that this technology integration gap in PE, 
originating from differences in attitudes, knowledge, and resources, will be magnified when 
it is extended to the community and national scales. 

Based on the literature discussed above, it is important to carefully screen and provide expert 
assistance for the use of technology intended to improve PA among teenagers. Additionally, 
to integrate PA technology as an educational intervention, it should be customised to align 
with PE pedagogy and the specific needs of teenage users. 
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1.2.5 The Challenge of Designing Technological Interventions to 
Promote Teenagers’ Physical Activity 

In the preceding sections, we underscored the importance of PA for teenagers’ physical and 
mental development, as well as the risks of inactivity. We also highlighted PE as the most 
accessible and inclusive context for PA, supporting balanced development and fostering 
positive attitudes toward active lifestyles. Among the motivational factors of PA, we focus 
on enjoyment, social engagement, and competence as main targets for technological 
interventions, consistently emphasised in both theoretical and empirical research on PA 
motivation. This focus is further reinforced by prior HCI studies, which have demonstrated 
the positive role of technological interventions in enhancing these three motivational factors. 

Despite growing interest in motivational interventions for teenagers’ PA within HCI, 
knowledge on how to design appropriately for this group remains limited. A systematic 
overview of existing work is needed to expose research gaps, identify design opportunities, 
and inform future design decisions. Reviews in health education have addressed the 
application of motivational theories [57, 277, 354], but largely neglect the influence of 
technological interventions. In HCI, some reviews focus on specific type of technological 
solutions, such as active video games [7, 32], without comparing different forms, while 
others address children broadly [39, 108], but overlook teenagers’ developmental level and 
specific needs [165]. Moreover, no comprehensive review has examined the design process 
itself, such as how key design decisions are made. 

Thus, although existing literature provides valuable theoretical constructs and examples of 
individual artefacts, there remains a lack of guidance to support designers in translating 
design theory into informed design decisions across the development process. This points to 
the need for research to contribute intermediate-level design knowledge that is both context-
specific and actionable within its scope. 

1.3 Research Scope  

1.3.1 Research Aim and Objectives  

The overarching goal of this research is to contribute to creating a positive and sustainable 
shift towards a physically active lifestyle among teenagers by incorporating the advantages 
of technological interventions. My research context is situated within the secondary PE 
curriculum, focusing on teenagers in the early years (aged 11 to 15) as the primary research 
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subjects and end-users of digitally augmented feedback (DAF) systems. Additionally, the 
research involves multiple stakeholders, including PE teachers, PE teacher educators, and 
PE researchers.  

The research objective is to explore the design of DAF system to enrich teenagers’ PA 
enjoyment experiences and social engagement in PE, thereby enhancing their physical 
competence and promoting active PA participation in the long term. Consequently, this thesis 
presents a series of studies, particularly addressing the following opportunities and research 
questions. 

1.3.2 Opportunities and Research Questions  

Several research opportunities emerge from prior work. First, while various studies have 
demonstrated the potential of technology interventions to promote PA among teenagers, the 
field lacks intermediate-level design knowledge that is both context-specific and actionable. 
Current literature offers rich theoretical constructs and examples of individual artefacts, but 
few approaches exist to help designers translate design theory into design decisions across 
the development cycle. This thesis addresses this gap by developing actionable design 
knowledge that can support designers in navigating these decisions and creating more 
context-appropriate interventions. Second, there is a need for a comprehensive understanding 
of users and context, incorporating multi-stakeholder viewpoints, to design a DAF system 
tailored specifically to the teaching and learning practices in the PE context. Third, 
conducting field evaluations in real-life PE contexts is essential to assess the effectiveness of 
DAF systems in improving teenagers’ PA experiences and performances. 

Through presenting our design research work in this thesis, I aim to summarise intermediate-
level knowledge on the design practices of PA interventions for teenagers, identify user and 
contextual requirements for integrating DAF systems in PE, and develop DAF systems that 
meet the developmental needs of teenagers. Additionally, I seek to provide evidence of the 
effects of DAF systems and to extract design implications that can inform future HCI 
research on teenagers’ well-being. The following research questions are addressed in this 
thesis:  

RQ1: What design knowledge can be developed to inform the creation of PA interventions 
for teenagers?  

RQ2: What are users’ perceptions of feedback and the contextual requirements for 
integrating DAF systems into PE? 
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RQ3: How, and to what extent, can a developmentally appropriate DAF system influence 
teenagers’ enjoyment, social engagement, and physical competence in PE? 

RQ4: What design implications can be proposed for DAF systems to enrich PA experiences 
of teenagers in the school setting? 

1.3.3 Design Research Approach 

To address the research questions, this design research comprised a series of studies 
conducted in successive phases. In its narrowest sense, design research refers to “the upfront 
research practitioners do to ground, inform, and inspire their product development process” 
[421]. However, many design researchers advocate for a broader view, emphasising its role 
in generating (design) knowledge rather than merely facilitating commercial product creation 
[421]. Building on this knowledge-oriented perspective, Fraying introduced three approaches 
to design research: research into art and design, research for art and design, and research 
through art and design [112]. Later, Frankel and Racine refined these into corresponding 
design research strategies, aligning basic research with research about design, clinical 
research with research for design, and applied research with research through design [111].  

Research about design, also referred to as “research into design” [112], involves “research 
into the human activity of design” [420]. It delves into the fundamental and theoretical 
aspects of design research, encompassing aesthetics, design theory, and the analysis of design 
activities [111, 330]. 

Research for design, also known as “research to enable design” or “design-oriented 
research” [105], constitutes a highly applied form of design research. It encompasses 
any design research activities “intended to advance the practice of design” [420] through 
the development of new methods, tools, approaches, information, implications, and data 
directly applicable to enhancing the end results of design practice [111]. 

Research through design, also labelled “research-oriented design” [104, 105, 107], refers 
to “a type of research practice focused on improving the world by making new things that 
disrupt, complicate or transform the current state of the world” [420]. This approach 
generates new design knowledge through an iterative process of action and reflection, often 
providing explanations or theories within a broader context [111]. 

In this thesis, research through design serves as the overarching methodological approach, 
complemented—where appropriate—by research for design and research about design. 
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The central aim is to generate new design knowledge through the creation and deployment 
of artefacts. Research through design was therefore adopted as a guiding framework rather 
than as an inflexible theory, consistent with the recommendations of Fraying [112]. The 
“through” dimension is manifested in two iterative cycles of design research, each resulting 
in a DAF system output developed under the research through design approach. 

The first cycle (Chapter 2) encompassed the concept development, expert interview, 
prototyping, and field evaluation of the Shuttlezap system. The second cycle (Chapters 3-5) 
began with a theoretical literature analysis (research about design), followed by user and 
contextual studies (research for design), and concluded with the design, high-fidelity 
prototyping, and field deployment of FitBirds (research through design). Specifically, 
Chapter 3 applies research about design approach to analyse existing studies on fitness 
interventions for teenagers, extracting design knowledge from prior theories, processes, 
artefacts, and outcomes. Chapter 4 employs research for design approach, using interviews 
to generate insight into users, stakeholders, and contextual factors—informing the design and 
integration of DAF systems in PE. Chapter 5 continues with research through design 
approach in a mixed-method field evaluation to implement and validate the FitBirds 
intervention in a real-world PE context. Together, these two cycles form a coherent trajectory 
from initial concept exploration to in-depth contextual understanding and refined design 
implementation. 

The creation of the two DAF prototypes was not merely a means of testing ideas but a process 
of generating intermediate-level knowledge. The design and field deployment of Shuttlezap 
revealed the motivational potentials of DAF systems in teenagers’ physical play, informing 
the design practice diagram and requirement framework presented in Chapter 3. Insights 
from the research about design (Chapter 3) and research for design (Chapter 4) stages were 
embedded into and directly informed subsequent artefact iterations, ensuring that conceptual 
learning and design decision-making were mutually reinforcing. In turn, the FitBirds 
deployment validated the design practice diagram and requirement framework while 
generating further design knowledge, including the design challenges discussed in Chapter 
6. This iterative action-reflection cycle exemplifies the research through design process, in 
which artefacts serve both as outcomes and as vehicles for knowledge creation. 

In addition, three key considerations informed the selection of research through design as 
the guiding methodological approach: 
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Complexity of the challenge: The design challenge addressed in this work is complex and 
often referred to as a “wicked problem” [313], which cannot be precisely formulated as a 
single problem, let alone resolved through “one definite solution” or “a sequentially 
structured methodology” [111]. It encompasses multidisciplinary and evolving variables, 
including global physical inactivity, socio-cultural perceptions of vitality and health, and 
shifts in educational, technological, and pedagogical contexts. Research through design 
supports the reframing of such problematic situation, enabling the envisioning of a “a 
preferred state of the world” [421] through iterative action-reflection cycles involving 
understanding relevant theories, users, and context, developing intervention artefacts, and 
examining potential effects [420, 422]. 

Centrality of user experience: This research focuses on understanding and enhancing users’ 
interactions and emotional experiences in a specific context, necessitating active 
involvement of people and field studies in real-world settings. Research through design is 
well-suited to this aim, as it produces knowledge through creating and iteratively refining 
artefacts in the field. In this research, high-fidelity prototypes were deployed “in the wild” 
to gather rich data from actual usage [337]. Meanwhile, user-centred, participatory design 
methodologies ensured that users and stakeholders actively engaged in both development 
and evaluation processes of the artefacts [420, 422].  

Multiple contributions: The research seeks to produce multiple forms of contributions—
design knowledge, design implications, empirical findings, and artefacts—through iterative 
cycles of action-reflection design research practices. Research through design offers the 
methodological foundation for integrating these outputs into a coherent contribution to both 
design theory and practice. 

1.3.4 Research Implementation Considerations 

The research work in this thesis considered methodological, ethical, technological, and 
field deployment aspects to address contextual and implementation challenges. Many of 
these challenges can be mitigated by meticulously planning and designing a research protocol 
that adheres to user- and context-specific constraints (e.g., technological and ethical 
considerations). Other complications (e.g., methodological and field deployment 
considerations) may be handled by strategically collaborating with external stakeholders and 
experts familiar with the site implementation. In the following, we share our research 
implementation considerations in addressing these challenges. 
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1.3.4.1 Methodological Considerations 

To refine design research work on an interdisciplinary topic, the design researcher needs to 
have a holistic understanding of theories and knowledge in related areas. For instance, our 
research topic involves child development psychology, social and behaviour science, sports 
science, PE pedagogy, child-computer interaction, participatory design, and playful design. 
Therefore, it is essential to have an interdisciplinary perspective, knowledge exchange, and 
collaboration between researchers from diverse backgrounds and expertise.  

In this research, teenagers are the primary research subjects and end-users of our DAF 
systems. However, recruiting a large sample of teenagers over a long period is challenging 
as they are a vulnerable population and ethically sensitive to being involved in scientific 
research. We adopted a mixed research methodology (see Chapters 2 and 5) to combine 
quantitative data (self-reported questionnaires, performance logs, physiological data) with 
qualitative data (interviews, field observations) to identify impacts and underlying reasons. 
Moreover, those two mixed method studies were conducted in the field (see Chapters 2 and 
5) in which we deployed robust prototypes in a real-life context to collect rich usage data 
[337] and provide empirical evidence in response to the research objectives. Where 
applicable, we also triangulated multiple data sources (see Chapter 4) to holistically answer 
the research questions.  

1.3.4.2 Ethical Considerations 

The potential ethical challenges in this human subjects’ research addressed our greatest 
concern [56]. Firstly, our design research addressed the need for participants’ involvement 
before, during, and after the intervention artefact development process. Secondly, the 
deployed intervention artefacts and the research activity itself may have potential mental and 
physical impacts or interfere with the work and study routines of participants, especially 
vulnerable teenagers. Additionally, several of our studies opted for mixed methods in 
collecting multiple channels and forms of data, which may bring ethical challenges in data 
gathering, storage, and analysis.  

During the work with participants, several precautionary measures have been implemented 
in a thoughtful and respectful manner to ensure ethical compliance and maintain the quality 
and credibility of the research outcome. 

During the preparation phase, all study procedures were carefully reviewed and discussed, 
and pilot tests are conducted by the research team. Following these steps, the study plan was 
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then examined by the Ethical Review Board of the Eindhoven University of Technology and 
the associated secondary school board under regulations. 

During the execution phase, all studies involving teenagers’ participation were supervised 
by professional PE teachers to ensure the safety and well-being of the teenagers. The prior 
consent of the participants and their legal guardians was obtained. In our studies, participants’ 
identities are encrypted with the allocated participant numbers, considering privacy concerns.   

1.3.4.3 Technological and Field Deployment Considerations 

In our user- and context-specific research, we conduct field deployments and evaluations in 
real-world settings [337]. Therefore, our self-developed DAF systems (i.e., Shuttlezap and 
Fitbirds, see Chapters 2 and 5) need to be robust and meet high technical standards. 
Specifically, to develop a high-fidelity prototype that consistently functions well, the 
development process must involve multiple rounds of lab testing before the prototype is 
deployed for real-life usage by our target users. 

In the educational context of PE, there are regulations that must be followed and adhered to. 
Therefore, any research activities undertaken in PE should be aligned with their established 
schedule and norms. 

For instance, PE classes in the Netherlands are primarily held outdoors during daylight 
saving time (from the last Sunday of March to the last Sunday of October), with some 
exceptions due to the weather. During the remainder of the year, PE classes are held primarily 
in gymnasiums. Variations between indoor and outdoor sites greatly impact the predication 
of experimental materials (e.g., access to power supply during data collection). They can also 
influence the design decisions of research prototypes (e.g., whether to develop a stationary 
or portable system). 

Additionally, annual PE teaching and learning activities are often prearranged into four 
modules based on the four quartiles of the school calendar. Therefore, to integrate research 
activities into the PE program with minimal disruption, it is vital to maintain long-lasting 
relationships and communication with external stakeholders and experts for smooth 
implementation on site. 

1.4 Overview of the Thesis  

This design research explores the development of DAF systems to motivate PA participation 
within the PE context, with the aim of enhancing teenagers’ enjoyment experiences and  
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social engagement. The thesis is structured into five chapters. Figure 1.2 presents an 
overview of the thesis structure to visualise the design research iterations, a series of 
structured studies, and the corresponding research questions.  

 

Figure 1.2. A visualisation of the thesis outline. 
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Chapter 2. Exploring the Potential of Digitally Augmented Feedback 

Chapter 2 presents our explorative study on the design and evaluation of Shuttlezap [224, 
308]. It is a cooperative and tangible play system that provides playful, real-time audio 
feedback based on behavioural patterns and performance of players. Through this first design 
research iteration, we aim to examine our assumptions about RQ3 regarding the potential of 
integrating a DAF system into PE. Following research through design approach, the 
Shuttlezap design process addressed RQ2 through observation of users’ behavioural patterns, 
video-based mock-up tests, and expert interviews. The final design intervention was 
evaluated in a within-subject field study that involved 20 teenagers to investigate the effects 
of audio-augmented feedback on teenagers’ playfulness, social engagement, and perceived 
competence in PA.  

Chapter 3. Design Considerations for Interventions to Promote Physical Activity 

To further investigate the design approaches of DAF systems, we conducted a systematic 
literature review [225] that encompassed 25 studies that focused on the design and evaluation 
of technology-enhanced interventions to promote teenagers’ PA. This review addressed RQ1 
by providing a design practice diagram that outlines requirement topics throughout four 
design phases. Additionally, a requirement framework was derived that examines seven 
design requirement topics from the perspective of teenagers in their triple roles as players, 
learners, and users. In response to RQ4, four design recommendations (as a form of design 
implications) were derived to address challenges in the decision-making process for 
designing interventions that promote teenagers’ PA.  

Chapter 4. Understanding Users’ Perceptions of Feedback and Expectations of the DAF 
System. 

Chapter 4 presents the work that investigated feedback experiences and PE contextual 
requirements from multiple stakeholders’ perspectives, as the previous review study 
recommended, to broaden teenagers’ experience needs through multi-stakeholder 
participation. Specifically, to address RQ2, we conducted semi-structured interviews with 
three stakeholder groups to gain a contextual understanding of teenagers’ experiences, PE 
teachers’ considerations, and PE teacher educators’ pedagogical strategies to provide and 
receive feedback. Additionally, we investigated users’ acceptance of PA-related technologies 
and identified three design opportunities (as a form of design implications) for DAF 
implementation in the PE context in response to RQ4.  
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Chapter 5. Designing and Evaluating a Digitally Augmented Feedback System in the 
PE Context 

Following the user and contextual understanding of feedback in PE, Chapter 5 delves into 
the design, implementation, and evaluation of a DAF system that provides physiological data 
feedback related to PA. We developed FitBirds [226], a social fitness game that represents 
players’ heart rate data through anonymous bird avatars within a game scenario to enhance 
their overall PA experiences. FitBirds was evaluated with 36 teenagers and two PE teachers 
in a secondary school PE context. Addressing RQ3, a three-week within-subject study with 
a mixed-method evaluation was conducted to investigate the effects of a DAF system on 
teenagers’ enjoyment experience, social engagement, and physical competence. Additionally, 
RQ2 was addressed during post-interviews with the two PE teachers, focusing on their 
expectations for integrating DAF systems into PE. 

Chapter 6. Discussion and Conclusions 

Chapter 6, the concluding chapter, begins with an overview of the studies conducted in this 
design research project. Next, we revisit the four research questions and present the 
corresponding research findings. We then position four aspects of contributions derived from 
a thorough reflection on our research and design processes. In the discussion section, we also 
address three challenges in improving teenagers’ PA experiences and supporting PE learning 
through DAF systems. Finally, we acknowledge the limitations of this thesis and suggest 
directions for future research. 
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Chapter 2. 

Exploring the Potential of 
Digitally Augmented Feedback2 
In the previous chapter, we discussed the important role of physical education and the 
potential of technological interventions in addressing physical inactivity among teenagers. 
In this chapter, we aim to explore how digitally augmented feedback with playful interactions 
can encourage more participation and social engagement in physical activity. We developed 
Shuttlezap, a prototype that provides real-time playful audio augmentation to the activity 
process. We then conducted a field study with 20 teenagers divided into five groups to 
compare two Shuttlezap conditions: with and without audio feedback. The results, obtained 
by a mixed method, show that the teenagers enjoyed playful audio augmentation, they were 
socially engaged in physical activity, and their perception of competence was improved. 
Playful audio augmentation is found to contribute significantly to playfulness, particularly in 
terms of perceived relaxation and expression. We conclude with the contributions to 
teenagers’ social play in the PE context.  

 

2 This chapter is based on the following publications. 

Ma, Y., Bekker, T., Ren, X., Hu, J., & Vos, S. (2018). Effects of Playful Audio Augmentation on 
Teenagers' Motivations in Cooperative Physical Play. In IDC '18-Proceedings of the 2018 ACM 
Conference on Interaction Design and Children (pp. 43-54). New York: Association for Computing 
Machinery, Inc. DOI: 10.1145/3202185.3202729 

Ren, X., Ma, Y., Lu, Y., & Brombacher, A. C. (2017). ShuttleKicker+: Designing Gamified 
Sonification to Augment the Physical Leisure Activity. In CHI PLAY'17-Extended Abstracts 
Publication of the the Annual Symposium on Computer-Human Interaction in Play (pp. 471-478). New 
York: Association for Computing Machinery, Inc. DOI: 10.1145/3130859.3131303 



 28 

2.1 Introduction 

School age students aged 6 to 18 years are suggested to participate daily in 60 minutes or 
more physical activity (PA) to yield beneficial health and behavioural outcomes [355]. 
Physical education (PE) is a widely applicable context for students to perform PA, and it 
contributes to their physical, social, emotional, and intellectual development [156]. It also 
provides a promising context for students to develop an interest in a physically active lifestyle 
[59]. However, research has shown that teenagers’ (13 to 18 years) are at risk for being 
inactive, partly due to a lack of motivation to be active [323]. 

Researchers have explored various factors to promote students’ motivation in PA 
participation. Ryan et al. believed that enjoyable experiences are related to motivation for 
social and physical development [319]. Additionally, Ntoumanis indicated that a supportive 
social climate contributes to the fulfilment of social relatedness and the greater persistence 
of PA [270]. Fun and social interaction are also considered meaningful experiences [35] and 
central educational goals in PE [51]. Hence, the study presented in this chapter aims to 
motivate the PA participation in teenagers by enhancing play experiences and social 
interactions. 

In the domain of human-computer interaction (HCI), studies have explored various means of 
interactions in PA to enhance playful experiences and social engagement. For example, 
solutions with visual [160, 171], auditory [70, 161, 184, 208] and tactile augmentations [273] 
have shown positive effects on stimulating multisensory experiences and improving the 
performance of players. It is valuable to investigate whether these proven technological 
solutions can also be implemented within the PE context and yield comparable effects. 

To encourage teenagers to participate more actively in PE, we have developed an interactive 
Shuttlezap intervention. This prototype features eight feathers embedded in a hemispherical 
sponge base. The players aim to keep the Shuttlezap in the air using different parts of their 
bodies. The prototype provides real-time audio augmentation (see Figure 2.1) during the 
activity. The audio effects are extracted from computer games and designed to switch 
between several patterns based on user behavioural patterns and performance. This 
exploratory study aims to explore how real-time playful audio augmentation can impact 
teenagers’ motivations in PE, specifically in terms of playfulness, social relationships, and 
competence in cooperative physical play.  
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Figure 2.1. System structure of Shuttlezap. 

In this chapter, we first review previous research outcomes on motivation, playfulness, and 
audio augmentation in PA. Next, we introduce the audio augmented Shuttlezap and describe 
the study setup. We then present the results of a within-subject field study involving 20 
teenager participants and discuss the implications of these results. Our work makes two main 
contributions: 1) it demonstrates how auditory augmentation can enhance the playfulness of 
teenagers, and 2) it uncovers both positive and negative effects on the motivational properties 
of audio augmentation in the PE context. 

2.2 Related Work 

2.2.1 Motivations of Teenagers in Physical Education 

Weiss conducted a review [401] of research results spanning 25 years and categorised 
teenage motivation in PA participation into three aspects: 1) positive affect, such as 
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enjoyment, is the primary motivation for teenage long-term participation; 2) social 
relationships with coaches, peers, and parents influence teenage engagement; and 3) 
perception of competence, which relates to teenage motor skill level, predicts their intrinsic 
motivation.  

Studies assessing different motivations for PE have focused on examining the physical 
competence [396] and learning experiences of teenagers. By reviewing the PE and youth 
sports research outcomes, Beni et al. concluded five meaningful activity experiences: social 
interaction, fun, challenge, motor competence, and personal relevant learning [35]. Dismore 
et al. found that students’ central attitudes towards the PE experience were fun and 
enjoyment. Enjoyment was also utilised to evaluate the effectiveness of PE in terms of both 
motivation and achievement [91].  

These studies suggest a strong connection between motivations and experiences in PE. 
Motivations such as playfulness, social relationships, and competence are interplayed and 
jointly contribute to active participation, engagement, and sustainability of PA. Hence, in 
this chapter, we scope our investigation on how the digitally augmented feedback design 
intervention could influence playfulness, social relationships, and the competence of 
teenagers in PE.  

2.2.2 Designing for Playful Experiences 

Forlizzi et al. highlighted the importance of co-experiences in social contexts, which can be 
collectively created or shared [109]. This finding inspired us to design playful feedback for 
groups rather than individuals.   

Several studies are relevant to users’ playful experiences. Costello et al. elicited 13 pleasures 
of play to evaluate the experience of users and artists in interactive artworks [75]. Korhonen 
et al. developed a preliminary framework of 22 playful user experiences drawn from studies 
in video games to guide the design of experiences in interactive products [196]. Boberg et al. 
constructed a Playful Experience Questionnaire that assesses 17 aspects of playful 
experiences in the use of both game and non-game products and services [43]. These research 
findings serve as valuable references for designing, evaluating, and measuring playful 
experiences.  

The design of interventions and guidelines for creating playful experiences to motivate 
teenagers to be physically active has also been explored. Sturm et al. proposed a playful 
persuasion principle, suggesting that game-based playful persuasion could effectively trigger 
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teenagers’ intrinsic motivation [357]. Høiseth et al. recommended using pervasive 
technology to create game-like solutions that stimulate pleasurable social experiences to 
encourage children’s PA [151]. Landrey et al. developed an exergame named Fish Game to 
encourage children to engage in a variety of full-body movements in a playful way [204]. 
Macvean et al. developed iFitQuest, a mobile location-aware exergame to help facilitate 
teenagers’ exercise during PE classes [228]. These examples illustrate the feasibility of 
designing and evaluating playful experiences in PA through gamified playful persuasion. 

2.2.3 Audio Augmentation as a Motivator for Physical Activity 

Audio augmentation refers to an approach that uses auditory feedback to augment user 
experiences when interacting with intelligent systems. Several studies have examined the 
specific effects of audio augmentation on PA, such as providing instructions and guidance. 
For instance, Chittaro et al. developed a mobile exergame with an audio storytelling 
soundscape that effectively enhanced the player’s enjoyment experience in a running activity 
[70]. Tajadura-Jiménez et al. conducted research on altering sounds based on the frequency 
of participants’ footsteps, finding that it could influence their emotion, perception, and 
physical performance [362]. Newbold et al. showed that using different harmonic stability 
of musical feedback could encourage progress and prevent overexertion in stretch activities 
during physical rehabilitation [265]. Kim et al. developed Sonic-Badminton, using localised 
audio augmentation to facilitate the enjoyment of PA for blind and sighted individuals 
playing together [184]. Nylander et al. developed the SwingSound system, which mimics the 
sound of a golf swing to help players analyse their swing movements during golf play [272]. 
These examples illustrate the effectiveness of audio augmentation in motor skills practice 
and training. 

Researchers have also explored the entertaining potential of using playful audio 
augmentation in PA. For example, Ishii et al. developed a physical ping-pong game that 
incorporated virtual dynamic images and audio [160]. Hartnett et al. designed a playful audio 
player aimed at motivating children to be physically active, the music tempo responding to 
the number of steps counted by a pedometer [144]. Izuta et al. created an augmented sports 
system named Bouncing Star, which offered an exciting soundscape, and four types of audio 
augmentation related to the movement state of the Bouncing Star [161]. Another example is 
an interactive exergame, Dungeons & Swimmers, designed by Lee et al., which provided 
gamified audio augmentation for four-stroke types in swimming [208]. These studies have 
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shown that audio augmentation can positively contribute to physical performance, perceived 
competence, and enjoyment experience of players.  

2.3 Design of Shuttlezap 
2.3.1 Enhancing the Interaction with Shuttlecock in Physical 
Education 

The original shuttlecock play is a popular physical game with a long history in Asia. This 
physical paly requires motor skills in coordinating feet, knees, hips, and torso to keep the 
shuttlecock (see A in Figure 2.3) in the air. It is a moderate- to vigorous-intensity aerobic 
exercise that benefits health and helps build hand-eye coordination [38]. The shuttlecock 
play has versatile traits; for example, it can be played indoors and outdoors, alone, or with 
one or several other players. We embedded playful audio augmentation into the shuttlecock 
play for three reasons: 1) teenagers’ motor skills meet the criteria of the shuttlecock play, 2) 
the versatile traits of the shuttlecock meet the requirements of the PE context, and 3) 
teenagers in the Netherlands are unfamiliar with the shuttlecock play, which eliminates 
biased experimental results due to preconceived notions about the activity. 

Traditional shuttlecock play was introduced into PE classes in the United States [38]. An 
interactive shuttlecock was developed with a game interface and ambient soundscape for the 
breaks of Chinese office workers [307]. The results of these two studies indicated the 
effectiveness of shuttlecock play in different cultural contexts and the potential of audio 
augmentation to enhance the PA experience and performance of players.  

To initiate our prototype design process, we gathered five players who were familiar with 
the traditional shuttlecock game and recorded a video of them playing together for half an 
hour. We then analysed the behaviours of the players and identified six patterns: picking up, 
weighing in hand, kicking solitary, kicking collectively, catching in hands, and failing to 
catch. Following this, we edited a one-minute video-based mock-up (see Figure 2.2) to 
illustrate the concept of playing with an audio-augmented shuttlecock. We amplified the six 
behaviour patterns by pairing them with remixed audio effects which are extracted from 
computer games and cartoons.  
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2.3.2 Expert Interview 

We conducted an expert interview with five participants based on the video mock-up. An 
interviewee was a PE teacher educator, and the other four were secondary school PE teacher 
trainees, all affiliated with the School of Sport Studies at the Fontys University of Applied 
Sciences in Eindhoven. The interview began with the five participants playing a traditional 
shuttlecock game for five-minute. After the activity, they shared their thoughts on whether 
this activity suited teenagers in the PE context. Afterwards, we presented a one-minute video-
based mock-up and gathered feedback on potential design improvements related to audio 
augmentation. The entire expert interview process lasted for half an hour. 

 

Figure 2.2. Video-based mock-up and players’ six behaviour patterns in the traditional 
shuttlecock play. 
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2.3.2.1 Students’ Motor Skills Ability 

Experts suggested that teenage students should be capable of playing shuttlecock as they 
acquire skills similar to those acquired during their football training, such as kicking, passing, 
and catching. However, not every teenager may be proficient at inward and outward kicking. 
Additionally, the small size of the shuttlecock makes it challenging to respond agilely. To 
address these issues, we have designed Shuttlezap with a larger and softer base material (see 
C and D in Figure 2.3). This modification allows teenagers to use more body parts while 
playing and reduce the difficulty of catching and kicking. 

 

Figure 2.3. Design iterations of Shuttlezap: (A) traditional shuttlecock; (B) small-size interactive 
Shuttlezap; (C) larger-size interactive Shuttlezap in a rubber base; (D) larger-size interactive 

Shuttlezap in a sponge base.  

2.3.2.2 Requirements in the PE Context 

Experts believed that shuttlecock play shares similar traits with badminton and volleyball, 
but offers more flexibility regarding duration, rules, and group size. Shuttlecock play is 
suitable for group warm-up activities in PE curriculum. Moreover, the portability of the 
shuttlecock allows an easy transition between playing indoors in a gymnasium and outdoors 
on playgrounds.  

2.3.2.3 User Experience of the Playful Audio Feedback  

The interview findings highlighted the suitability of playful audio feedback for group 
shuttlecock play. Experts noted how the use of audio augmentation added to the enjoyment 
of the activity, creating laughter, and enhancing the social experiences of the group. 
However, they raised concerns that using playful audio feedback for solo practice might lead 
to feelings of awkwardness or annoyance. The experts also pointed out that audio feedback 

A                                    B                                  C                                    D 
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could help students become more aware of their actions. Additionally, they suggested that 
playful audio augmentation could boost students' confidence, help them overlook the 
difficulty of the activity, and motivate them to continue trying.  

In response to the insights of these experts, we integrated real-time playful audio 
augmentation into the game mechanics (see Table 2.1). For instance, specific positive and 
negative audio cues were programmed to correspond to different levels of victory and failure. 
The six behaviour patterns of the players were simplified into three key states of Shuttlezap 
play: hits, passes, and misses. 

Table 2.1. Combining audio augmentation with game mechanics. 

State of Shuttlezap Hits Passes Misses 
Patterns of Audios Positive Neutral Negative 

Scores 0 - 2  “Swoosh” Failure level 1 
“Miss” 

Score 3 Victory level 1 
“Success”   

Scores 4 - 5  “Swoosh” Failure level 2 
“Pity” 

Score 6 Victory level 2 
“Triumph”   

Scores 7 - 8  “Swoosh” Failure level 3 
“Failed” 

Score ≥ 9 Victory level 3 
“Celebration”   

2.3.3 The Prototype  

Shuttlezap is an audio-augmented prototype that provides real-time playful audio 
augmentation while players aim to keep it in the air using their feet, hands, or other body 
parts. Equipped with the Lightblue Bean+ microcontroller board featuring a 3-axis 
accelerometer (see Figure 2.4), Shuttlezap can detect its motion and static status, thus triggers 
the corresponding audio augmentation in real time. These audio effects are sourced from 
computer games and are designed to adapt to players’ behavioural patterns and performance 
with Shuttlezap. Game mechanics were programmed using Processing software [299] on a 
computer, with each augmentation of the “hit” or “miss” audio activated by the score data 
transmitted wirelessly via Bluetooth Low Energy (see Figure 2.1) from Lightblue Bean+. 
Additionally, a rechargeable 600 mAh lithium battery ensures continuous power for the 
circuit board, while a 3D printed synthetic rubber shell encases the Lightblue Bean+ and is 
integrated into the structure, which includes eight feathers at the top and a high-density 
hemispherical sponge base. 
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Figure 2.4. Physical structure of Shuttlezap. 

During the prototyping phase, we conducted a user test with 12 office workers on the campus 
of Eindhoven University of Technology. The initial version of Shuttlezap was examined for 
its attractiveness and novelty in user experiences [308]. 

2.4 Evaluation 

In this study, we utilised Shuttlezap as a research instrument to probe how real-time playful 
audio augmentation could influence the motivation of teenagers’ PA. We expected that our 
intervention would lead to significant improvements in teenagers’ playfulness and, to a 
certain extent, enhance their social relationships and competence. We conducted a within-
subject field study with 20 teenage students aged 13 to 14, forming them into five groups 
within PE classes. Mixed research methods were employed to validate our assumptions, 
including semi-structured interviews, behavioural observation schemes, two questionnaires, 
and performance-log data in the Shuttlezap game. 

2.4.1 Participants 

This study was carried out in three PE classes at Heerbeeck College in Best, the Netherlands, 
with the approval of the school’s governing body. All experiments were supervised by a PE 
teacher who provided detailed information on the research objectives and procedures 
beforehand.  
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We initially focused on students in the first and second year of secondary school, as previous 
research had shown a decrease in active participation in PE among this age group [323]. 
After observing that second-year students displayed severely lower levels of participation, 
they were chosen as subjects for the experiment based on the researcher's observations and 
discussions with the PE teacher. Two weeks prior to the experiment, the researcher and the 
PE teacher introduced the traditional shuttlecock play and explained the upcoming 
experiment in three PE classes of the second-year students. The students were divided into 
groups of four and given the opportunity to experience the conventional version of the 
shuttlecock for five minutes, which was a new activity for all of them.  

Ultimately, a total of 20 teenage students, aged 13 to 14, in the second year of secondary 
school, volunteered to participate in the study without receiving financial compensation. 
Before participation, all participants received a consent form that described the objectives 
and procedures of the study. They were also informed that the study would involve video 
recording and that all collected data would be used solely for research purposes. Furthermore, 
all participants had obtained permission from their parents or guardians.  

Participants were instructed to independently complete a prequestionnaire. The questionnaire 
included questions about their: 1) gender, 2) age, 3) level of fitness among classmates, and 
4) attitude towards PE. The characteristics of the participants are presented in Table 2.2. 

Table 2.2. Participants’ characteristics. 

Demographics Sub-categories N=20 

Gender Male 1 
Female 19 

Age 13 years old 7 
14 years old 13 

Level of fitness Above average  5 
Average 15 

Attitude 
towards PE 

Favourite subject  9 
Not favourite subject 11 

In our study, we noticed that more girls showed interest compared to boys, with only one 
boy eventually participating. Shuttlezap, being a less physically intense game, seemed to 
attract more female teenage students. The girls preferred activities with light to moderate 
intensity, particularly at a temperature ranging from 26 to 30 degrees Celsius during our 
experiments. Interestingly, some girls decided to join after discussing it with their closest 
friends. On the other hand, some boys mentioned the hassle of seeking permission from their 
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parents. On the day of the experiment, six boys who originally planned to participate changed 
their minds and chose to play football or hockey with their classmates. 

2.4.2 Experiment Procedures 

The PE teacher helped to randomly assign 20 participants to five groups (Group A to Group 
E). We used a within-subject design for the study, where each group experienced two 
different Shuttlezaps: one with real-time playful audio augmentation and the other without 
audio augmentation. To ensure reliability, we randomly selected the sequences of the two 
conditions for each group. The participants were informed that the group goal for each 
condition was to keep Shuttlezap in the air with nine volleys in one round and to try to achieve 
as many rounds as possible. The experiment consisted of two 10-minute experience sessions 
under different conditions with a 10-minute break between. We assigned each participant to 
the same group under both conditions to eliminate the potential confounding factor of the 
group difference. After each condition, the participants independently completed two 
questionnaires. In the end, participants were interviewed with questions related to 
playfulness, social engagement, and competence. During the semi-structured interview, 
participants individually wrote brief answers. Then they were asked to explain the answers 
and discuss the reasons with the group members. All interviews were video-recorded and 
transcribed for further analysis. 

2.4.3 Data Collection 

2.4.3.1 Questionnaires 

We administered two questionnaires to the participants after each experiment. The first 
questionnaire, Motives for Physical Activity Measure-Revised (MPAM_R) [318], consisted 
of 30 items on a seven-point Likert-type scale, covering five factors: enjoyment, social, 
competence, appearance, and fitness. For our research, we focused on investigating the 
impact of real-time playful audio augmentation on teenage students’ enjoyment, social, and 
competence, so we excluded the fitness and appearance factors, resulting in a 19-item 
questionnaire. 

The second questionnaire, the Playful Experiences Questionnaire (PLEXQ) [43], contained 
51 items on a five-point Likert-type scale, including a category for "non-applicable". This 
questionnaire evaluates 17 aspects of playful experiences, which are extracted from game 
and non-game devices and applications. These experiences are categorised into four 
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dimensions of playfulness: stimulation, pragmatic, momentary, and negative experience. The 
goal of using PLEXQ was to understand how real-time playful audio augmentation would 
influence different aspects of playful experiences in Suttlezap play. 

2.4.3.2 Observation Scheme 

The Outdoor Play Observation Scheme (OPOS) [27] was selected to analyse social 
interaction behaviour, focusing on four types of behaviour observed in children’s outdoor 
games: 1) PA, 2) focus, 3) social interaction, and 4) general. The focus of this study was to 
analyse social interaction behaviours categorised as “with another player” and “with a non-
player” in OPOS. The social interaction of “with another player” was further classified as 
“functional” and “non-functional”, with “non-functional” behaviours including “positive”, 
“neutral”, and “negative”.  

To analyse social behaviours of Shuttlezap play in more detail, we further defined sub-
behaviours and operational definitions (see Table 2.3) based on the explanation of social 
interaction in OPOS. The entire experiment process was video recorded, with the camera 
sheltered and placed three meters away from the participants to minimise its influence on 
their participation. 

2.4.3.3 Performance Logs                                                           

The prototype is designed to record all scoring data using a time log. That is, it records the 
number of times Shuttlezap is volleyed in each round. We aim to explore if playful audio 
augmentation could influence the competence of the participants by comparing the 
performance of five groups in two tests. 

2.4.3.4 Interviews  

The semi-structured interviews helped us to collect insightful remarks from the participants. 
The interview questions were as follows: 1) Does audio feedback influence your play 
experience? For example, does it make you enjoy or dislike the activity? If so, how and why? 
2) Does audio feedback influence your relationship with team members? If so, how and why? 
For example, does it make you feel closer or disjoin with peers? 3) Does audio feedback 
influence your performance? For example, does it help you play better or worse? If so, how 
and why? Participants were asked to indicate whether they experienced a positive, negative, 
or no influence, and then provide further explanation. 
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Table 2.3. Social interaction scheme with operational definition. 

Behaviours Sub-
Behaviours Explanation Operational definition 

W 
I 
T 
H 
 

A 
N 
O 
T 
H 
E 
R 
 

P 
L 
A 
Y 
E 
R 

F 
U 
N 
C 
T 
I 
O 
N 
A 
L 

Expression 

Verbal and non-verbal 
expressions that are functional for 
playing the game and directed at 
one or more other players. For 
example, instructions such as 
counting points aloud. 

Discussion on how to volley the 
Shuttlezap, such as the order of 
passes. Counting points loudly 
when reaching a high score. One 
player instructed another to move 
to a different position. 

Physical 
Contact 

Non-verbal physical contacts, 
which are necessary to play the 
game. 

One player tugged another to a 
different position. 
 

 
 
 
 
 
 
 
 
 
 

N 
O 
N 
- 
F 
U 
N 
C 
T 
I 
O 
N 
A 
L 
 

 
P 
O 
S 
I 
T 
I 
V 
E 
 

Expression 

Positive verbal and non-verbal 
expressions that are not functional 
for playing the game and directed 
to one or more other players. Such 
as cheering, screaming, and 
expressions of enjoyment. 

Laughing when someone misses a 
shot. Laughing due to funny 
movements of players. Laughing 
due to the audio from the 
Shuttlezap. Cheer after scoring 
high. 

Physical 
Contact 

Positive non-verbal physical 
contacts, which are not required 
for playing the game. Such as 
raising a high five. 

High fives and hugs. 

 
 
 

N 
E 
U 
T 
R 
A 
L 

Expression 

Neutral verbal and non-verbal 
expressions that are not functional 
for playing the game. Such as a 
discussion about a subject that is 
not related to the game. 

Talk about social activities such 
as school, friends, holidays, etc. 

Unintended 
Physical 
Contact 

Neutral non-verbal physical 
contacts that are not intended or 
required to play the game. For 
example, one accidentally bumps 
into another. 

Two players bump into each other 
and try to hit the Shuttlezap at the 
same time. 

N 
E 
G 
A 
T 
I 
V 
E 

Expression 

Negative verbal and non-verbal 
expressions that are not functional 
to play the game and directed at 
one or more other players. For 
example, negative 
communication such as swearing, 
bullying, and expressions of pain. 

Verbally bullying other players 
when passing the Shuttlezap 
incorrectly or missing it. 
Expressing disappointment, such 
as sighing, face-palming when 
one misses the Shuttlezap.  
Expressing pain. 

Physical 
Contact 

Negative physical contact that is 
not required to play the game, 
such as kicking or hitting. 

Intentionally throws Shuttlezap at 
high speeds to hit someone.  
Pushing others when they are not 
performing well. 

WITH 
A 

NON-
PLAYER 

Verbal and 
Non-verbal 
Interactions 

Verbal and non-verbal 
interactions are directed to 
someone who is not a player in the 
game. The non-player can be a 
researcher, a teacher, who is 
watching the game, etc. 

Watch peers who are not involved 
in the game playing on the field.  
Talk to the PE teacher about their 
performance. Ask the researcher 
to confirm the rules of the game. 
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2.4.4 Data Analysis 

2.4.4.1 Data from Questionnaires 

We first conducted the Kruskal-Wallis Test to check for the significance of the influence of 
the grouping variable in each condition (with and without audio augmentation). In the 
MPAM_R questionnaire, one of the six aspects, enjoyment (P=0.044), is significant with the 
audio augmentation condition. In the PLEXQ questionnaire, two of 34 aspects are 
significant: sensation (p=0.015) with no audio augmentation condition and sensation 
(p=0.026) with an audio augmentation condition. Hence, we could assume that the grouping 
variable has little influence on each condition and is applicable to analyse the data at the 
individual level (N=20). 

We first conducted descriptive statistics to identify the general tendency of the data from the 
MPAM_R and PLEXQ questionnaires. To compare data collected from the two tests, we 
conducted related-samples nonparametric statistical tests for three reasons: 1) 20 participants 
are usually considered a relatively small sample size, 2) the data gathered from two Likert-
type scale questionnaires are generally not normally distributed but approximately symmetric 
with skewness between -0.403 and 0.561, and 3) the field study we conducted was a within-
subject test, which means data from two tests are two related samples. Hence, the Wilcoxon 
signed-ranks test is applied. 

2.4.4.2 Video Coding 

 

Figure 2.5. Video clips of teenage students playing Shuttlezap on a sports field. 

We gathered 10 video recordings, each lasting 10 minutes, from five different groups (see 
Figure 2.5). The author and a design educator collaborated as two coders assessed the social 
behaviours displayed in the videos together. Initially, both coders reviewed all the videos and 
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then refined the operational definitions of social interaction in OPOS (see Table 2.3) through 
discussion. Subsequently, both coders together coded the social behaviours of all participants 
based on the agreed version of the observation scheme. Any discrepancies in the results were 
resolved through discussion until both coders reached agreement. We utilised BORIS, a 
behavioural observation research software, for video coding to annotate each player’s social 
behaviours and their durations. 

2.4.4.3 Data from Interviews 

The author and a design educator performed as two independent coders followed the thematic 
analysis procedures [53] to cluster qualitative data gathered from interviews. The differences 
in the results were discussed between the two coders. The data gathered from the interviews 
not only confirmed the results of quantitative data but also provided specific implications 
and insights for future design directions. 

2.5 Results 

In this study, the effects of incorporating playful audio augmentation in PA were evaluated, 
focusing on three aspects: playfulness, social relationships, and competence. Detailed 
findings from the study are presented below.  

2.5.1 Results from Questionnaires 

We performed a two-tailed Wilcoxon signed-ranks test to compare the difference between 
the two conditions: one with audio augmentation and one without). The quantitative data 
from the seven-point Likert-type MPAM_R questionnaire presented an overview of three 
different motivations (see Table 2.4).   

Table 2.4. Mean, Standard Deviation, and Wilcoxon signed ranks test of MPAM_R. 

MPAM_R  No Audio Audio Wilcoxon 
signed ranks 

Test 
 N Mean SD Mean SD Z P 

Enjoyment 20 5.26 1.29 5.39 1.16 -.415 0.678 
Social 20 4.97 1.20 4.85 0.89 -.285 0.776 

Competence 20 5.08 1.18 5.13 1.02 -.363 0.717 

In Table 2.5, the results of the Wilcoxon signed ranks test indicated that participants in the 
condition with audio augmentation experienced more playful experiences related to 
relaxation (P=0.040) and expression (P=0.046). The PLEXQ also includes a “non-
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applicable” category in addition to the Likert-type five-point scale. Participants who had not 
experienced the described situation selected this category. For the questionnaire items 
selected as “non-applicable” in only one condition, the responses in the other condition were 
also excluded to ensure an equal sample size for analysis. 

Table 2.5. Mean, Standard Deviation, and Wilcoxon signed ranks test of PLEXQ (* refers to 
the p-value < 0.05). 

  No Audio Audio Wilcoxon signed 
ranks Test 

 N Mean SD Mean SD Z P 
A. Stimulation 
Discovery 20 3.54 0.75 3.75 0.69 -1.775 0.076 
Exploration 20 3.90 0.92 3.98 0.58 -0.598 0.550 
Challenge 20 3.46 0.91 3.48 0.62 -0.223 0.823 
Expression 19 2.68 1.01 3.05 1.08 -1.994   0.046* 
Fellowship 20 3.34 0.95 3.48 0.90 -0.682 0.495 
Nurture 20 3.21 0.68 3.53 0.84 -1.612 0.107 
B. Pragmatic 
Completion 20 3.53 0.73 3.83 0.59 -1.575 0.115 
Control 20 3.28 0.81 3.32 0.65 -0.441 0.659 
Competition 20 3.48 1.00 3.48 1.18 -0.057 0.955 
Sensation 20 3.87 0.77 4.03 0.66 -1.700 0.089 
Thrill 20 3.08 0.91 3.36 1.12 -0.907 0.364 
C. Momentary 
Relaxation 20 3.58 0.70 3.96 0.49 -2.049   0.040* 
Humour 20 4.26 0.85 4.44 0.61 -0.829 0.407 
Captivation 17 2.85 1.07 2.88 0.61 -0.182 0.855 
D. Negative Experiences 
Suffering 18 2.27 0.98 2.14 1.01 -0.914 0.361 
Cruelty 18 2.68 1.16 2.72 1.08 -0.757 0.449 
Subversion 14 3.01 1.08 2.75 1.35 -0.414 0.679 

2.5.2 Results from Video Coding 

We coded the social behaviour of 20 participants using OPOS. The results, depicted in Figure 
2.6, showed that the average duration (in seconds) of behaviours such as positive expression, 
functional discussion, and negative expression increased when audio augmentation was 
present, but the increase did not reach statistical significance. It is worth noting that “non-
functional (positive, neutral, negative)” social behaviours lasted approximately three times 
longer than “functional” interactions during activity. 
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Figure 2.6. Mean duration (in seconds) of social interaction behaviour for 20 participants 
compared between two conditions (NA: no audio augmentation, and A: audio augmentation).  

2.5.3 Results from the Performance Logs 

The Shuttlezap program collected the hit-score counts of five groups under two conditions. 
The objective of the Shuttlezap game was to keep it in the air for nine consecutive volleys. 
The score counts were grouped into four levels in Table 2.6: 0-2 for beginners, 3-5 for 
elementary players, 6-8 for intermediate players, and 9 or more for advanced players. Upon 
analysis of the data in Table 2.6, we noticed a slight improvement in the score counts for the 
intermediate and advanced levels among the five groups. 

Table 2.6. Score counts of five groups under two conditions (NA: no audio augmentation; A: 
audio augmentation). 

 Score Counts 
 0 - 2 3 - 5 6 - 8 ≥ 9 
 NA A NA A NA A NA A 

Group A 45 56 27 35 1 4 0 1 
Group B 30 22 31 32 11 1 0 10 
Group C 53 35 24 36 5 7 0 2 
Group D 51 57 31 24 3 5 0 0 
Group E 42 42 36 40 5 6 2 1 

Total 221 212 149 167 25 23 2 14 

2.5.4 Results from Interviews 

2.5.4.1 Playfulness 

Of the twenty interview participants, 16 claimed that the audio augmentation had a positive 
influence on their playful experiences. However, four reported a negative impact. From 
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qualitative data analysis, it was found that there was two aspects of positive influence and 
one aspect of negative influences on playfulness that are worth noting.  

Enjoyable and immersive. Teenage students reported that Shuttlezap with audio 
augmentation enhanced pleasant game playing experiences, as A3 claimed, “The audio 
version [of Shuttlezap] made me think of a game experience”. Most of the participants were 
pleased with the audio effects and felt a stronger sense of pleasure. For instance, D3 claimed, 
“The audio makes the game funnier because if you win, you can hear the happy audio.” and 
A2 stated, “The game without the audio got boring very fast”. Meanwhile, they reported 
feeling more immersed in the game and expected to play Shuttlezap for longer periods when 
in audio augmentation condition. They stated, “The audio helps you get more into the game 
(B1)”, “We started laughing more at the audio (E3)”, and “The audio helped me play longer 
because it was very funny and made me happy (C3)”.  

Interactive and explorative. The participants were impressed by the responsiveness of 
Shuttlezap to their performance. For instance, B4 said, “That was really interactive, it 
responded with the things you do, and that was special”, and B3 mentioned, “When you 
heard the happy audio, you felt like ‘Oh, yes! We made it!’. Otherwise, our efforts are 
nothing”. The dynamic audio feedback stimulated the curiosity and exploration of the 
participants. B4 stated, “You keep trying to do better and discover which audio will come 
next”, and C3 said, “It makes you play better because you want to hear more types of 
audios”.  

Disappointment and stress. The negative audio augmentation made two participants feel 
more disappointed when they failed, “I heard negative audio when we almost reached nine 
shots, after which I felt a little bit disappointed. You knew you failed because you just did not 
get there (C1)”. Two participants reported that the negative audio augmentation increased 
their stressful attitude towards failure, “Sometimes I got a bit stressed when I failed, and I 
had to try to do it better to get happy audio (D2)”. 

2.5.4.2 Social Relationships 

Eleven participants reported a positive influence on social engagement, while nine 
experienced no impact. None indicated a negative impact. We noted reasons for the positive 
influence on social relationships. 

Breaking the silence and providing a joyful atmosphere. Participants felt that playing in 
a quiet atmosphere was less enjoyable, and the addition of playful audio helped break the 
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silence. C4 said, “When there is no audio, it is silent and I don’t like it”, and C3 mentioned, 
“I think audio augmentation makes sure there is no silence”. The playful audio made the 
atmosphere more pleasant and joyful, as E3 stated, “Since you have fun together, the 
atmosphere is good” and C3 said, “I think it brings more joy, then you enjoy more with the 
people you play with, and that’s why it influenced our relationship”. 

Stimulating interactions and promoting team climate. Participants in a group, despite 
being classmates, found that the use of playful audio stimulated more interactions among 
them. C3 noted, “If you play with people you don’t know, then you don’t really talk to each 
other. If you do with the audio effects, then you have more interactions with each other” and 
B1 commented, “I think so because you interact more with each other if the audios are 
there”. Additionally, E1 stated, “The team was more laughing and more interactive with 
others”. Participants also felt that the playful audio brought them closer to their team 
members and made them more supportive of each other. One participant said, “When it made 
funny audio, it was nicer to play. And we felt closer to each other (A3)”, while another noted 
that, “We laugh together to the audio, like ‘Oh, that’s a funny audio’. It also like a team 
bonding because all of you had fun together (D2)”. The playful audio helped them cope with 
failure, as E4 mentioned, “You didn’t feel as bad as you did when the Shuttlezap falls to the 
ground. Due to the funny audio, everyone laughed, and we forgot the failure.” 

2.5.4.3 Competence 

Fifteen participants reported that playful audio augmentation had a positive impact on their 
competence, while three participants claimed that it had a negative effect. Two participants 
believed that it did not affect their competence. We concluded two reasons for the positive 
influences and one reason for the negative influence on the competence. 

Motivating active participation and competitiveness. Playful audio augmentation was 
considered as rewards, which motivated participants to perform better and earn more audio 
feedback. Statements are given as, “I think it helps because I got more motivated when the 
audios were there. I want to beat a high score, and the audio helped for it (A1)”, and “The 
happy audio motivated you to keep playing well (D2)”, as well as “As I said before, it 
triggered you to beat more than nine times faster (B1).” The entertaining property of playful 
audio enhanced participants’ performance by motivating their competitive spirit and making 
them feel highly valued. They expressed that, “The audios make you want to win (A4)”, and 
“Yeah. I was also more motivated because you want them to hear the winning audio (C4)”, 
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as well as “Yes, sometimes it helps because you want to hear the good audio that you made 
it (C3).”  

Providing guidance and feedback. The playful audio augmentation provided real-time 
instructional feedback on player performance, allowing them to promptly assess previous 
actions and improve their skills. Participants claimed, “I really like that you could hear when 
you are successful and failed, so you could try harder when you fail (D2)”, “Because of the 
audio, you knew if you won or lost (D3)”, and “You felt like you reached the goal of the game 
with a happy audio (E4)”. 

Interfere with attention. Three participants reported negative influences on their 
competence. They attributed this mainly to the distracting audio feedback they heard during 
physical play. E2 mentioned, “When you hit the Shuttlezap, there was a lot of audios 
[feedback], which got you distracted”. They found it difficult to concentrate on the 
Shuttlezap game because of the added audio, especially when their poor performance resulted 
in negative audio feedback. Participants added, “It was more fun, but it was a bit annoying 
sometimes. Because, while you were trying to hit the Shuttlezap, the audio just came, so you 
missed it (E3)”, and “Sometimes it is a bit irritating. Only the audio of winning motivates 
you (C2)”. 

2.6 Discussion 

We expected that real-time playful audio augmentation would increase teenager students’ 
playfulness and, to some extent, enhance their social relationships, and competence during 
cooperative physical play. While trends were generally positive, only two aspects of 
playfulness—relaxation and expression—showed significant differences in PLEXQ, and 
most quantitative measures (e.g., MPAM-R, performance logs, and social interaction scheme) 
did not reach statistical significance between the audio and no-audio conditions. These 
limited effects may be attributed to the small sample size, brief exposure duration, and pre-
existing familiarity among participants. Moreover, although validated, the MPAM-R 
questionnaire may not be optimally sensitive to capture subtle, short-term shifts in teenagers’ 
enjoyment, social, and competence motivation for PA. 

In contrast, qualitative data from post-session interviews revealed much richer and more 
favourable experiences in the audio-augmented condition. Participants frequently described 
the audio as making the activity more enjoyable, immersive, and motivating—despite the 
absence of strong quantitative effects. The findings underscore the value of integrating 
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qualitative methods when evaluating teenagers’ experiences in playful, socially embedded 
physical play settings. 

2.6.1 Playfulness 

Although the MPAM-R revealed no significant differences in enjoyment, 16 out of 20 
participants verbally reported that the audio feedback made the activity more enjoyable. In 
contrast, the PLEXQ indicated that playful audio augmentation significantly increased 
teenage students’ playful experiences, particularly in the dimensions of relaxation (P=0.040) 
and expression (P=0.046). In the PLEXQ, relaxation denotes the bodily or mental unwinding 
that accompanies engaging in playful activities [43], which is supported by participants’ 
interview accounts of enjoyable and immersive experiences. Additionally, near-significant 
effects were observed for discovery (P=0.076) and sensation (P=0.089). Discovery refers to 
the uncovering of hidden aspects or new properties of a product [43], aligning with the 
exploratory experiences highlighted in the interviews. 

The feedback mechanics—particularly the use of negative audios—may have inadvertently 
introduced stress or performance pressure for some participants, as reflected in interview 
responses. Although prior research with the PLEXQ suggests that negative experiences can 
sometimes enrich players’ overall playful experiences [43], our interview findings indicate 
that the negative audio feedback in Shuttlezap (implemented across three levels of failure; 
see Table 2.1) often provoked disappointment and stress. This finding suggests that, in the 
context of teenagers’ physical play, negative audio feedback may potentially undermine 
rather than enhance the playful experience. Accordingly, future designs should seek a more 
favourable balance between positive and negative audio feedback. Potential strategies 
include increasing the frequency or ratio of positive audio feedback, extending their duration, 
or moderating the salience of negative sounds (e.g., lowering volume). 

2.6.2 Social Relationships 

During observation of social interactions, we found that the duration of positive expression 
increased the most when audio augmentation was added, compared to functional discussion 
and negative expression. We also noticed that most of the social behaviours observed are 
“non-functional”, in which the positive expression had the longest duration. This suggests 
that augmenting playful audio in PA could help improve social relationships by breaking 
silence, providing a joyful atmosphere, stimulating interactions, and promoting a team 
climate.  
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However, the audio augmentation showed no significant impact on social interaction 
behaviours (see Figure 2.6) or on social motivation as measured by the MPAM-R. These 
results may be attributable to the small sample size and the inherently high threshold for 
eliciting additional social interactions among teenage classmates already familiar with one 
another. In addition, the short exposure duration (approximately 10 minutes per condition) 
potentially limited participants’ adaptation to the intervention and reduced the likelihood of 
observable shifts in social relationships. Evaluating a single, short-term intervention—rather 
than repeated exposures across a longer period—further constrained the ability to detect 
measurable changes in social relationships. Future research could investigate how different 
game mechanisms, such as cooperation and competition, differentially shape social 
relationships among peers. 

2.6.3 Competence 

In this study, competence motivation showed no significant differences in the MPAM-R, nor 
did actual competence differ significantly in performance log scores (see Table 2.6). 
Nevertheless, playful audio augmentation appeared to enhance teenage students’ perceived 
competence over the short intervention period. Interview responses indicated that 15 
participants felt more competent, reporting that the audio feedback increased their motivation 
to try harder and provided real-time reflection of their progress.  

Garn et al. emphasised that perceived competence is as essential as actual skills for fostering 
teenagers’ interest in PE [121]. Our study further identified two motivational properties of 
audio augmentation. First, the entertaining property motivates active participation and 
competitiveness, consistent with prior studies on user perceptions [70, 362]. Second, the 
instructional property provides guidance and feedback, as demonstrated in rehabilitation 
research [265]. Together, these motivational properties of digitally augmented feedback 
enhance teenagers’ competence, with the entertaining property particularly supporting social 
interaction and group engagement in physical activity.  

2.6.4 Limitations and Opportunities 

The limited duration of this study may have affected the reported findings. A longitudinal 
study is necessary to assess Shuttlezap in two ways: 1) how teenagers’ playful experiences 
change as they participate in different stages, and 2) how the duration and frequency of 
participation can impact teenagers’ social interaction and competence. 



 50 

The findings of this study may not accurately represent the perspectives of teenage boys, as 
most of the participants were teenage girls. Future research should ensure a better balance of 
genders among participants. Additionally, the design of the Shuttlezap game could be iterated 
by considering its appeal to girls and incorporating design criteria that boys would prefer. 

The use of multiple comparisons in the quantitative analysis may have influenced the chance 
of Type I error, while the novelty effect and Hawthorne effect may also have influenced the 
findings [238]. It is important to emphasise that this mixed-method exploratory study intends 
to provide an initial understanding of the domain. The qualitative interview findings 
complemented the quantitative results [227], allowing for a more nuanced interpretation of 
the outcomes. 

Various design decisions, such as the choice to employ a larger, softer base material and to 
allow teenagers to involve diverse body parts when playing Shuttlezap were informed by the 
Dutch secondary education context. In other cultural or socio-economic settings, these and 
other design features may require adaptation to account for differing safety standards, 
variations in physical capabilities, or local norms surrounding PA [406]. 

The findings of this study show the potential of augmenting playful audio feedback in various 
PA, particularly by aligning playful audio with different types of body movements [144, 160, 
161, 208]. To improve user experience, it could be beneficial to involve teenagers in a co-
creation design process to develop their own personalised playful audio. Furthermore, it may 
be valuable to investigate the use of multimodal augmentation, such as visual and tactile 
feedback in addition to audio, for future research. 

2.7 Conclusion of This Chapter 

The purpose of this study was to explore audio-augmented feedback to enrich the playful 
experiences of teenage students in the PE context. We developed Shuttlezap, which involves 
real-time audio augmentation to make group PA more playful. To investigate how this audio 
augmentation could impact motivation, we conducted a within-subject field study with five 
groups of 20 teenage students from three PE classes in a secondary school. The results 
indicate that playful audio augmentation had a positive influence on two aspects of the 
playful experiences: relaxation and expression. Positive effects were also observed on social 
interactions and perceived competence. This study highlights the potential to use auditory 
augmentation to enhance playfulness in the PE context for teenage students. Additionally, 
we uncovered both positive and negative effects on the motivational properties of audio 



 51 

augmentation, which could have implications for HCI and playful interaction in the context 
of PE.  

As shown in Figure 1.2, this exploratory study represents the first cycle of iterative design 
research in this thesis. This iteration enabled me to quickly familiarise myself with the 
relevant literature and the PE context, gain a preliminary understanding of user expectations 
(from PE experts and teenage students) for the DAF system, and go through prototyping and 
field evaluation procedures. These hands-on experiences provided me with first-hand insight 
into various aspects of design research at the early stages of this project, laying a sound 
theoretical and practical foundation for subsequent in-depth research activities. 

Moreover, the immediate effect of a single, short-term Shuttlezap intervention on teenagers’ 
playful experiences highlights the promising potential of my research direction on the DAF 
system. In the next cycle of iterative design research, I aim to refine each step of our research 
activities to generate more robust theoretical and empirical insights. Additionally, besides 
enjoyment, we also aim to enhance the effects of DAF systems on social engagement, 
physical competence, and examine how these effects evolve with repeated interventions. 
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Chapter 3. 

Design Considerations for 
Interventions to Promote 
Physical Activity3 
In the first design iteration of Shuttlezap, we gained a preliminary understanding of the 
development and implementation of a digitally augmented feedback system in secondary 
physical education. The positive effects of the digitally augmented feedback system on 
teenagers’ physical activity, which we evaluated in Chapter 2, motivated us to proceed with 
a second iteration of the digitally augmented feedback system throughout the remainder of 
this thesis (Chapters 3 to 5). Specifically, the main components of the second iteration 
encompass theoretical literature analysis, understanding user and contextual factors, 
developing intervention artefact, and conducting field evaluations.  

In this chapter, we conduct a theoretical literature analysis through a systematic literature 
review of studies on technology-supported interventions in teenagers’ PA. We reviewed 25 
design-related studies in human-computer interaction over the past ten years, analysing 1) 
the process phases of design practice, 2) the design requirements and related design decisions, 
and 3) how these phases and requirements are internally related to each other and what is 
their influence on design value. Our findings suggest four design phases with seven design 

 

3 This chapter is based on the following publication. 

Ma, Y., Veldhuis, A., Bekker, T., Hu, J., & Vos, S. (2019). A Review of Design Interventions for 
Promoting Adolescents’ Physical Activity. In IDC'19-Proceedings of the 18th ACM International 
Conference on Interaction Design and Children (pp. 161-172). New York: Association for Computing 
Machinery, Inc. DOI: 10.1145/3311927.3323130 
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requirements, and their corresponding design decisions emerged in the design process. 
Furthermore, we outline a framework to demonstrate the internal relations of design 
requirements. We generalise opportunities and challenges to inform the design decision-
making mentioned above and implement the findings for future design and research on 
technology-supported PA for teenagers. 

3.1 Introduction 

Physical activity (PA) is defined as any bodily movement produced by skeletal muscles that 
results in energy expenditure [64]. Engaging in PA could benefit teenagers’ cognitive 
abilities, social communication skills, and physical development [156]. It may also play an 
important role in preventing childhood obesity and cardiovascular disease [381]. However, 
the rate of teenagers’ participation in PA is markedly decreasing [323]; this problem demands 
attention. On the contrary, the young generation is easily immersed in digital technologies, 
such as computers, video games, and the Internet [297], due to their interactive and 
responsive features. Inspired by this fact, many researchers in the human-computer 
interaction (HCI) domain have explored ways of designing motivational interactive 
interventions with the goal of promoting teenagers’ PA — for instance, through tangible play 
objects [150, 224], augmented playgrounds [85], and wearable devices [45]. 

So far, review papers on interventions to promote teenagers’ PA have had different focus 
areas. Some reviews in the field of health education have focused on applying motivational 
theories [57, 277, 354] but have overlooked the influence of technological interventions. In 
the HCI domain, some have focused on one type of technology solution, such as active video 
games [7, 32], but have not compared the different forms of technology interventions in a 
comprehensive way. Other researchers in the HCI domain have focused on the analysis of 
design interventions for children of all ages [39, 108]. However, they neglected to focus on 
the developmental levels and specific needs of teenagers [165]. Moreover, no comprehensive 
review has been conducted within the HCI field that examines the design process, for 
example, how key design decisions are made. Thus, there is only limited knowledge on how 
to design for teenagers’ PA, and an overview is needed that can inform future researchers 
and design practitioners in finding niches and making informed decisions.  

We perform a systematic literature review of studies on the design and evaluation of 
technology-supported interventions to promote teenagers’ PA. This literature review focuses 
on research work in the HCI domain with four objectives: 1) to sketch an outline of decisions 
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made during four design phases: design intentions, design requirements, design decisions, 
and evaluated effects; 2) to sort out and analyse the topics of design requirements and the 
corresponding design decisions; 3) to derive a theoretical framework that illustrates the 
relationship between design requirements; and finally, 4) to propose design 
recommendations that can support design decision making for future design research in the 
HCI domain. 

Our aim is to provide a state-of-the-art overview of how the HCI community frames studies 
around the design of interventions to motivate PA in teenagers. We have included papers 
from a broader range of HCI venues (see the Methods section) and examined a total of 362 
papers published between 2009 and 2018 (over ten years) in the ACM digital library. 
Eventually, 25 relevant papers were independently reviewed by two coders working 
together.  

The contributions of our review are as follows. First, it illustrates a state-of-the-art design 
diagram with corresponding phases to give an overview of the design knowledge through the 
process. Second, it provides a theoretical framework with seven design requirements to 
inform future designs in the field. 

3.2 Methods 

3.2.1 Study Selection 

A systematic literature review was conducted following the required procedures [189]. The 
main objective of this review is to generate knowledge on how to design for teenagers’ PA. 
Thus, only original design studies published in peer-reviewed conferences or journal papers 
are included in the literature search; review papers are not included for further analysis. A 
Boolean search string (see Table 3.1) was iteratively developed with all the researchers 
involved in the study in two categories of keywords: teenager and physical activity.  

Table 3.1. Literature search strategy. 

Categories Boolean search string 

Teenager teen* OR youth OR adolescen* OR youngster OR minor OR child* OR “secondary 
school” OR “secondary student” OR “middle school” 

Physical 
activity 

“physical activity” OR “Physical Education” OR “physical play” OR sport OR 
exer* OR fitness OR “motor skill” OR “movement-based” 

The selection process for our study consisted of four steps: a database search, abstract 
screening, full-text screening, and a snowball search. 1) The search string (see Table 3.1) 
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was applied in the ACM Digital Library database with a timescale from January 2009 to June 
2018, and 362 papers were found. 2) Two independent coders screened the titles, abstracts, 
keywords, and selected papers based on the inclusion and exclusion criteria. 93 of 362 papers 
remained with 92% Inter-Rater Reliability. 3) Two independent coders performed full-text 
reading and selected papers based on the inclusion and exclusion criteria. 22 out of 93 papers 
remained with 85% Inter-Rater Reliability. 4) A snowballing procedure with forward search 
[409] was performed in the reference list of 22 selected papers, resulting in three additional 
papers [37, 229, 246]. Two independent coders performed steps two and three. The 
consensus was reached after deliberating on the reasons for some disagreements that 
occurred.  

Inclusion Criteria: 1) The paper describes a primary study that involves the design process 
and the evaluation of interactive interventions. 2) The evaluation described in the paper 
includes users of pre-teens and teenagers aged between 10-18 years old. 3) The intervention 
described in the paper aims to promote or facilitate PA. 4) The use of the intervention 
described in the paper requires full-body movements. 

Exclusion Criteria: 1) There is no design process or evaluation of interactive interventions 
in the paper. 2) The evaluation described in the paper does not include information on the 
age of the users, nor does it include any groups of teenage users. 3) The interventions 
described in the paper are aimed at teenagers with physical or mental disabilities. For 
example, teenagers with neurodiversity, obesity, visual impairments, or need for physical 
rehabilitation. 

3.2.2 Data Extraction and Analysis 

Eventually, 25 papers were included for the subsequent data extraction and analysis process. 
The papers were analysed with respect to design intentions, design requirements, design 
decisions, and evaluated effects. Then, the author and another researcher, as two independent 
coders, analysed the qualitative data, following the thematic analysis procedures [371]. Any 
discrepancies that arose were resolved through discussion, and all coding results were agreed 
upon by both coders.  

3.3 Results 

A total of 18 interactive interventions were designed and evaluated in a total of 25 papers. 
Of those 25 papers, four papers [182, 228, 229, 397] studied more than one exergame, and 
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five interventions (Scratch Nodes [149, 150], Plunder Planet [217, 234], iFitQuest [228, 
229], AHPC [292, 293], Interactive Slide [204, 205, 343, 344]) were evaluated in more than 
one paper. Table 3.2 shows that IDC and CHI have been the two leading conferences that 
presented papers on teenagers’ PA included in the ACM digital library. 

Table 3.2. Distribution of 25 reviewed papers in publication channels. 

IDC CHI CHI PLAY Others 

[19, 131, 149, 204, 217, 
224, 343] 

[37, 45, 85, 150, 205, 229, 
245, 344] [119, 234] 

ACE [246] 
MindTrek [182] 
UbiComp [293] 

IHI [41]  
MobileHCI [228] 

PervasiveHealth [292] 
Gamification [397] 

AH [324]  

This section comprehensively demonstrates the detailed topics in the four design phases, 
which we categorised from the 25 selected papers. The four design phases are design 
intentions, design requirements, design decisions, and evaluated effects (see Figure 3.1). 

3.3.1 Phase 1. Design Intentions  

Facilitating PA, social, and learning are three aspects of design intentions that focus on the 
development of interventions for teenagers’ PA. Based on our inclusion criteria, all the 
selected papers aim to promote PA among teenagers as a primary focus. Noticeably, more 
than half of the papers considered the social aspect as a parallel intention. We also identified 
four papers that address the learning aspect as an additional design intention. Table 3.3 
shows that most of the selected papers address multiple design intentions at the same time. 
We performed an in-depth analysis to better understand each aspect of the design intentions. 
More detailed information and subtopics are introduced in the following.  

Table 3.3. Design intentions addressed in 25 reviewed papers. 

Design Intentions N=25 Source 

PA 
7 PlayMate! [37], Plunder Planet [234], Interactive Tag 

Playground [85], GrabApple [119], iFitQuest [228, 229], 
FoxHunt [246]. 

PA, Social 

14 Mobile Persuasive System [19], AHPC [292, 293], Move2Play 
[41], Light Jersey [45], Exermotes [182], Plunder Planet [217], 
Shuttlezap [224], StepStream [245], Designable Sports Field 
[324], Interactive Slides (Fish Game [204], Balloon Game [205], 
Virtual Mosaic [343], Robot Factory [344]) 

PA, Social, Learning 3 Scratch Nodes [149, 150], Vortex Mountain [397] 
PA, Learning 1 BrainQuest [131] 
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3.3.1.1 PA Aspect (n=25).  

Fifteen papers intend to directly promote the motivation and participation of teenagers in 
PA. For instance, Scratch Nodes [149, 150] aims to encourage physical outdoor play. AHPC 
[292, 293] focuses on increasing the daily PA of school-age children. Ten papers were 
intended to movement and physical intensity control on a predefined scale. Examples are 
the Interactive Tag Playground [85], which aims to steer players’ proxemic behaviours, and 
the Interactive Slide-Fish Game [204], which guides them in performing specific body 
movements. Other interventions require players to reach a moderate- to vigorous-intensity 
PA (e.g., Move2Play [41], GrabApple [119], Interactive Slide-Balloon Game [205]) since it 
is the recommended sufficient level of exercise for health. Some of the interventions can be 
adapted to the physical status of the player. For instance, Plunder Planet [217, 234] and 
Designable Sports Field [324] adjust the physical intensity required to play and the difficulty 
of the game according to the player’s heart rate data. iFitQuest [228, 229] enables players to 
select a suitable physical difficulty level. Moreover, five papers present interventions (e.g., 
StepStream [245], Move2Play [41], and Mobile Persuasive System [19]) intended to 
positively influence teenagers’ attitudes and perceptions towards PA over a longer period.  

3.3.1.2 Social Aspect (n=17).  

Fourteen papers address social interaction, such as cooperation and competition. For 
instance, Shuttlezap [224] emphasises cooperative physical play among classmates, while 
AHPC [292, 293] provides competitions between schools. Five papers were intended to 
facilitate social inclusion by providing an equal chance of participation for teenagers with 
different levels of motor skill. The Light Jersey [45] was designed to provide each player 
with equal attempts to pass a basketball. AHPC [292, 293] reduces physical skill 
requirements to expand opportunities for more players to participate. Four papers describe 
an intention to enhance or expand the social support and influence teenagers receive from 
their social networks. For instance, StepStream [245] focuses on indirect social comparison 
with peers, and the Mobile Persuasive System [19] supports users to share their physical 
progress with others. 

3.3.1.3 Learning Aspect (n=4).  

Two papers aim to encourage teenagers’ creative thinking by doing PA. For instance, 
Scratch Nodes aims to support game invention [150] and rule creation [149] through outdoor 
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physical play. Two other papers aim to encourage cognitive skills: BrainQuest [131] for 
executive function and Vortex Mountain [397] for subject learning. 

3.3.2 Phase 2. Design Requirements  

We analysed all descriptions (e.g., principles, considerations, constraints) related to design 
requirements (n=17) in the 25 selected papers. Initially, we identified three types of sources 
for the requirements provided by the researchers. Subsequently, we outlined seven topics for 
design requirements with the goal of informing future design practice. 

3.3.2.1 Sources of Design Requirements.  

Existing Models and Theories. Models and theories are regarded as well-known, validated 
sources of knowledge in a discipline, yet only six papers explicitly refer to a specific model 
(e.g., Game Flow Model [234], Dual Flow Model [182, 217, 234], Five Factor Model of 
Personality [19]) or behavioural theory (e.g., Self-Determination Theory [45], Theory of 
Planned Behaviour [19], Theory of Meaning Behaviour [19], Self-efficacy [228]) that 
scaffolds their design requirements.  

Validated Guidance. Two papers directly referenced the validated guidance from empirical 
studies. Plunder Planet [217] refers to the Bodily Interplay Framework from Muller. The 
Interactive Tag Playground [85] referred to Schell’s Lenses and the MDA Framework. These 
validated design guidances have gained a degree of visibility within the field of PA design. 

Self-defined Requirements. In 11 papers, the researchers themselves defined the design 
requirements. Seven of them (e.g., Scratch Nodes [149, 150], BrainQuest [131], Move2Play 
[41], StepStream [245], iFitQuest [229], and PlayMate! [37]) drew inspiration from related 
works and then generated design requirements for their intervention development. For 
interventions such as GrabApple [119], iFitQuest [228] and Shuttlezap [224], which aim to 
be deployed in a school setting, the requirements were generated through interviews with 
multi-stakeholders or contextual constraints.  

3.3.2.2 Seven Topics for Design Requirements.  

We summarised seven aspects of design requirements. The requirements in the aspects of 
PA (n=11), social (n=7) and learning (n=3) are in line with the design intentions as 
mentioned above; requirements for gameplay experiences (n=6) refer to experiences such as 
fun [228], enjoyment [119, 234] and playfulness [224]. Because the intervention may consist 
of hardware, software, and an interactive interface, the requirements of product / system / 



 62 

game design (n=10) are closely related. More specifically, the requirements for product and 
system design are for functionality [37, 41], technical feasibility [41, 228], durability [150], 
and compatibility [41]. The requirements for game design involve game mechanisms [85, 
229], game rules [229, 324], and game control [37, 229]. The requirements of contextual 
constraints (n=4) refer primarily to educational contexts, including within the school [131], 
within the classroom [119], or in the PE curriculum [224, 228]. Multi-stakeholder 
constraints (n=3) are the specific requirements that arise from multiple stakeholders, such as 
teenagers [119, 131], educators [119, 224], and physical or mental health experts [131]. 

3.3.3 Phase 3. Design Decisions 

3.3.3.1 Decision on the Forms of Gameplay (n=25) and its Required PA 
(n=25).  

Table 3.4. Forms of Interactive Interventions (n=25). 

 Physical Game Oriented Virtual Game Oriented 
Short-term 
Intervention 

Digitally enhanced physical 
games: 
Shuttlezap [224], Scratch Nodes 
[149, 150], Light Jersey [45], 
Interactive Tag Playground [85]. 

Exergames:  
Plunder Planet [217, 234], Designable 
Sports Field [324], GrabApple [119], Vortex 
Mountain [397], PlayMate! [37], Interactive 
Slide (Fish Game [204], Balloon Game 
[205], Virtual Mosaic [343], Robot Factory 
[344]), BrainQuest [131], iFitQuest [228, 
229], Exermotes [182], FoxHunt [246]. 

Long-term 
Intervention 

Persuasive health applications: 
Move2Play [41], Mobile 
Persuasive System [19]. 

Pervasive health games: 
AHPC [292, 293], StepStream [245]. 

By analysing the most emphasised descriptions of interventions in the reviewed papers, four 
kinds of technological solution are presented in Table 3.4: digitally enhanced physical 
games, exergames, persuasive health applications, and pervasive health games. 
Particularly, these classifications are not mutually exclusive, which means that each 
intervention may be suitable for more than one category. For instance, exergames [228, 229] 
on smartphones can also be regarded as pervasive health games, and the Foxhunt [246] 
exergame also digitally enhanced a well-known physical game. Moreover, short-term, and 
long-term interventions are divided according to the duration of the intervention to be tested 
instead of the initial intention of the designers.  

Five papers describe four digitally enhanced physical games, which refer to interventions 
that often attempt to enhance a short-term traditional physical play experience through 
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technology without interfering with natural play patterns. Hence, these interventions are 
usually designed for classic physical games with clear game rules and allow multi-player 
participation. Examples are the basketball game in Light Jersey [45], the shuttle kick game 
in Shuttlezap [224], the game of tag in the Interactive Tag Playground [85], and the typical 
outdoor play activity, throwing and catching, in Scratch Nodes [149, 150].  

Fifteen papers describe ten interventions with 31 exergames, which are more oriented to 
gameplay experience. These interventions illustrate virtual game scenarios on screen, 
designed to attract players to become immersed in a video game and neglect the physical 
efforts required to accomplish the game task. Physical movements required in computer-
based exergames are aerobic step exercises [397], jumping [37, 119, 217, 234, 324], ducking 
[119], and sliding [204, 205, 343, 344]. These movements can be performed individually in 
a limited space and tracked by depth cameras (Microsoft Kinect), WiiFit boards or infrared 
light systems. Other location-aware smartphone exergames require activities such as 
running [131, 228, 229], sprint training [228, 229], squat movements [182], chase and catch 
[131, 228, 229, 246], and slaps [182]. These movements and activities are more appropriate 
for outdoor settings. 

Long-term interventions are focused on influencing teenagers’ attitudes and perceptions 
about PA. Therefore, these interventions focus on walking as the required PA, since walking 
is easy to perform in everyday life, and it is feasible to track step count data using an 
accelerometer sensor over time. Persuasive health applications (n=2) apply motivational 
functions such as personalised recommendations on fitness games [19] and daily activity 
tracking and evaluation [41] to persuade teenagers to maintain healthy lifestyles. Pervasive 
health games merge physical and virtual game experiences by taking real-world PA 
achievements into a virtual game competition. 

3.3.3.2 Decision on Social (n=20) Aspects.  

Players’ Social Relation and Distance Towards Interaction.  

To determine how players interact with each other in the reviewed interventions, we analysed 
the type of players’ social relationships (e.g., cooperation, competition, cooperation and 
competition) and social distance for interactions (e.g., co-location interaction, remote 
interaction). As shown in Table 3.5, most papers (n=16) focus on co-location interactions in 
which interactions occur simultaneously and at the exact location. Some interventions 
possess the ability to support teenagers’ interaction remotely and asynchronously through 
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web-based applications [41, 245, 292, 293]. In addition, the type of combined co-location 
and cooperative interaction (n=11) is applied most frequently among interventions for 
teenagers’ PA. Only five papers do not involve social interaction because the described 
interventions are only in single-player mode. 

Table 3.5. Type of social relationship and social distance for interaction between players (n=20). 

 Co-location Interaction Remote Interaction 
Cooperation Scratch Nodes [149, 150], Plunder Planet [217, 234], 

Shuttlezap [224], Vortex Mountain [397], Designable Sports 
Field [324], Interactive Slide (Fish Game [204], Balloon 
Game [205], Virtual Mosaic [343], Robot Factory [344]). 

StepStream [245] 

Competition Interactive Tag Playground [85], BrainQuest [131], 
FoxHunt [246]. 

 

Cooperation 
and 
Competition 

Light Jersey [45], Exermotes [182]. Move2Play [41], 
AHPC [292, 293]. 

Player Interaction Patterns in the Game System.  

Researchers believe that the type of interaction between a player, the game system 
(intervention), and other players is mutually connected and influenced [204]. Hence, we also 
investigated the player interaction patterns [116] enabled by technology interventions. 
Table 3.6 demonstrates four interventions that support more than one interaction pattern, 
since these interventions enable both single- and multi-player game modes. 

Table 3.6. The enabled player interaction patterns (n=25). 

Player Interaction Patterns Source 

Player Against 
the Game 
System 

a. Single player versus game [37, 85, 119, 228, 229, 245] 
b. Multiple individual players versus game [19, 228] 

c. Cooperative play [149, 150, 204, 205, 217, 224, 
234, 245, 324, 343, 344, 397] 

Player Against 
Other Players 

a. Player versus player  
b. Unilateral competition [85] 
c. Multilateral competition [41, 131, 182, 246] 
d. Team competition [45, 182, 292, 293] 

3.3.3.3 Decision on the Features of Technology (n=25).  

The product / system / game design is considerably related to the preference for technology 
features. Inspired by a classification method in children’s computational kits [418], we first 
classified the physical and virtual features of the reviewed interventions. As described in 
Table 3.7, screen-based solutions, such as smartphone applications, computer applications, 
and augmented playgrounds, are three subcategories of virtual features. Wearable devices, 
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play objects, and playground settings are subcategories of physical features. Noticeably, six 
interventions (e.g., Plunder Planet [217, 234], BrainQuest [131], Designable Sports Field 
[324], StepStream [245], AHPC [292, 293], Interactive Slide [205]) addressed both physical 
and virtual features.  

Table 3.7. Technology features of the intervention (n=25). 

 

Smartphone 
Applications 

[19, 41, 131, 182, 
228, 229] 

Computer 
Applications 

[41, 119, 217, 234, 245, 
292, 293, 324, 397] 

Augmented 
Playgrounds 

[85, 204, 205, 343, 
344] 

Wearable Devices  
[45, 205, 217, 234, 
245, 292, 293, 324] 

Play Objects 
[149, 150, 224] 

Playground 
Settings 

[131, 217, 234] 
 

 

We then concluded that the attributes of usage (e.g., personal or shared) and placement 
(e.g., portable or stationary) of the interventions (see Table 3.7) are highly interrelated. For 
instance, interventions for personal use (e.g., applications on a smartphone or wearable 
devices) are usually portable as well. Although smartphone applications enable multiple user 
operations over the Internet, the physical features of a smartphone limit its usage to 
individuals. In contrast, interventions with a shared attribute (e.g., augmented playgrounds, 
playground settings) are primarily stationary throughout the interaction due to the larger size 
and heavier weight of hardware. 

3.3.3.4 Decision on Applied Contexts (n=20).  

With reference to a review study on children’s well-being [151], we interpret the context as 
the physical environments in which the intervention was applied. Hence, two context 
categories (e.g., educational and leisure contexts) were identified based on the original 
design intent and the actual context in which the evaluation was conducted, as described in 
the reviewed papers. Parameters such as indoor or outdoor are also assessed, since they may 
affect teenagers’ experience throughout physical play.  

Table 3.8 shows that 13 papers target an educational context since school life is essential to 
teenagers’ daily routines.  The selection of the PE curriculum (n=6) as the place to employ 
the intervention was based on the advantages of having a space where teenagers can perform 
a wider variety of PA. Researchers have established that the PE curriculum can effectively 

Virtual 

Personal 
/Portable 

Physical 

Shared/ 
Stationary 
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increase students’ PA outside of school [391]. Meanwhile, PE teachers can play multiple 
roles, such as physical health experts, educators, and caregivers. Moreover, the educational 
context offers more diverse forms of play, since seven papers support both indoor and 
outdoor play. Outside of school, the public playgrounds and exhibitions are popular contexts 
for implementing leisure and entertainment interventions. The public playgrounds naturally 
serve for outdoor play. Indoor play can be supported through exhibitions.  

Table 3.8. Applied contexts (n=20). 

 Leisure-Public Education-School 
Playground Exhibition PE Curriculum Non-PE Curriculum 

In
do

or
 

 [85, 324, 343, 344] [182] [119, 397] 

   [45, 224] [19, 41, 245, 292, 293] 

O
ut

do
or

 

 
[149, 150, 246] 

 
 [131, 228, 229]  

In total, seven papers described interventions limited to indoor usage. Reasons for requiring 
indoor usage were the following: because of stationary placement of interventions, lack of 
durability in an open environment, or the need for a wired power supply. In addition to papers 
that mention leisure and educational contexts, three papers did not address any specific 
context [37, 205, 217], and two papers evaluated intervention in the laboratory [204, 234]. 

3.3.3.5 Decision on Multi-Stakeholder Participation (n=18).  

Table 3.9. Multi-stakeholder participation in three stages of intervention development (n=18). 

Driven by the user-centred design approach [23], designers generally consider the viewpoint 
of teenagers throughout design practice. Meanwhile, due to their legal status as minors, 
caregivers (parents), educators (teachers), or health experts (e.g., doctors and psychologists) 

Stages / 
Stakeholders 

HCI 
Designers 

Health Experts and Caregivers 
Teenagers 

Psychologists Doctors (PE) 
Teachers Parents 

Intervention 
Design 

All 25 
papers [131] [41, 

204] 

[131, 204, 
224, 228, 
229, 293] 

 
[19, 45, 131, 150, 

204, 217, 228, 
234, 245, 397] 

Intervention 
Usage   [41] [292, 293] [41, 324, 344] All 25 papers 

Intervention 
Evaluation    

[45, 119, 
228, 292, 

293] 

[292, 293, 
324, 344] All 25 papers 

[7,25] 
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must assess or facilitate the use of interventions by teenagers. As shown in Table 3.9, these 
stakeholders participated in three stages of intervention development: intervention design, 
usage, and evaluation. The main executors in the intervention design stage are HCI 
designers, followed by teenagers (n=10) who expressed their opinions as end-users through 
interviews and participatory design. Psychologists, doctors, and PE teachers are considered 
health experts who provide professional suggestions and requirements on the effectiveness 
of interventions. Although teenagers are the prime users in the intervention usage stage, 
sometimes (PE) teachers, doctors, or parents are also asked to facilitate [292, 293], analyse 
[41], and monitor [41] teenagers’ performance. Additionally, parents can participate in 
family play [324, 343, 344] with their children during public exhibitions. Regarding the 
intervention evaluation stage, teenagers are the main subjects for gathering feedback. It is 
worth noting that (PE) teachers’ and parents’ opinions are also valued in seven papers. 

3.3.4 Phase 4. Evaluated Effects 

In the fourth phase, we analysed how the impact of the interventions was evaluated in the 
selected papers. Following this synthesis, five outcome measures emerged: PA, social, 
learning, gameplay experiences, and product / system / game usability. Unsurprisingly, 
most of these aspects align with the design requirements mentioned above.  

3.3.4.1 Evaluation of the Effects on the PA Aspect (n=21).  

The effects on the PA motivation and participation (n=10) of the players are measured 
through active participation observed by the researcher [131, 149, 204, 224], user interviews 
[19, 293], and log data on intervention usage [229, 293]. The effectiveness of movement and 
physical intensity control (n=17), which the intervention was designed to elicit, is primarily 
measured in terms of objectively measurable metrics, such as the player’s heart rate data 
[217], accelerometer data [41, 182] or log data on intervention usage [229]. Studies that were 
set up to evaluate players’ attitudes and perceptions towards PA (n=5) collect longitudinal 
log data [19, 293] or conduct a follow-up survey after a long interval [119, 245]. However, 
since most studies in this review are not longitudinal, we cannot estimate if the effects on 
players’ motivation or the movement and physical intensity control are maintained. 
Evaluating how factors relate to behavioural change theories [300], such as self-efficacy [29] 
and the effectiveness of goal setting or autonomy, is valuable in countering the plateau effect 
and maintaining PA. 
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3.3.4.2 Evaluation of the Effects on the Social Aspect (n=16).  

Most of the papers (n=10) evaluate whether the intervention elicited social interactions 
among players. Specifically, social interactions include cooperation [224], which involves 
actions necessary for teamwork, and competition [149], which involves actions that evoke 
comparison, or both cooperation and competition [182]. For determining whether the 
intervention engaged players with different fitness and skill levels, the effects of social 
inclusion (n=4) were evaluated by analysing the strategies adopted by players of varying 
skill levels [228], observing whether they could play together [224], and examining the 
increase in participation among players with lower fitness and skill levels [37, 292]. 
Furthermore, only three papers investigate how interventions can facilitate social support 
from the social environment of the player [245, 292, 293]. Lastly, two studies consider how 
gender differences might influence the experience of the intervention and thus control for 
this. 

3.3.4.3 Evaluation of the Effects on the Learning Aspect (n=4).  

Two studies examined how physical objects of play can enhance creativity [149, 150] by 
measuring the number of games or rules created with the intervention as an indicator of 
players’ creativity. Two other studies examined the player’s cognitive functioning: 
BrainQuest [131] focuses on executive functioning, and Vortex Mountain focuses on subject 
learning [397]. Although some researchers suggest that PA can facilitate children’s learning 
processes [376], there is limited empirical research on how specific design features 
contribute to this effect. This gap may be due to the complexity of assessing how 
interventions support learning and the difficulty of standardising such assessments.  

3.3.4.4 Evaluating Gameplay Experiences (n=13).  

We distinguish between studies that solely evaluate the player’s enjoyment (n=7) and other 
aspects of the play experience (n=10) in gameplay. Interventions that adapt traditional 
physical games mainly prioritise ensuring enjoyment (e.g., shuttle kick game [224] or chase 
and catch game [246]). In contrast, interventions that revolve around one [217] or multiple 
exergames [228, 229, 397] tend to gather insights into more aspects of the play experience. 
Both effects can be measured through interviews [182, 224, 324] or questionnaires [119, 228, 
246]. Misund et al. argue [246] that incorporating well-known traditional physical games 
with technology will enhance the understanding of the gameplay more effectively than 
creating a brand-new physical game. Particularly, how input and feedback modalities 
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influence the gameplay experience and enjoyment in PA is still a field that remains to be 
explored. Few papers investigate how ways of presenting feedback influence the player 
experience during PA (e.g., audio feedback in Shuttlezap [224] or augmented particles in the 
Interactive Tag Playground [85]).   

3.3.4.5 Evaluation of the Product / System / Game Usability (n=12).  

Evaluations regarding the user’s technology acceptance (n=11) study: how the user behaves 
with the intervention [45, 149, 245]; the effectiveness in facilitating PA [343] as seen from 
a stakeholder’s perspective [45]; to understand user’s further needs [19, 131, 149, 182]. 
Functional testing (n=3) helps to determine to what extent users are able to understand the 
functionality of the intervention [41, 182, 324]. Two other papers [41, 343] evaluate the 
technical reliability of the intervention. However, few studies have included 
comprehensively negative results [343], stakeholder insights [45], or how the intervention 
could support PA in different contexts [85]. 

3.4 Discussion 

3.4.1 Description of Seven Topics for Design Requirements 
Addressed in Four Design Phases 

We developed a diagram (see Figure 3.1) to describe the relation of the seven topics for 
design requirements throughout the four design phases. The diagram represents the following: 
the goals within the field, the theories and requirements that concern these goals, the 
corresponding decisions, and the effects evaluated in research. Through the different 
coloured lines in the diagram, we can observe how different choices regarding design 
intentions and their refined requirements result in different decisions and evaluated 
effects.  

Applying theories to design practice helps better shape design requirements. In Figure 
3.1, the dotted lines indicate a possible connection between theories and design requirements. 
Although only six out of 25 papers refer to models and theories, we found that the factors 
involved in these theories match the seven design requirement topics. For instance, Self-
determination Theory [45] consists of autonomy, competence, and relatedness, which can be 
linked to requirements on learning, PA and social aspects. 
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The marked number of papers addressed on each topic in Figure 3.1 shows that many 
authors do not strictly follow through with their design intentions and requirements in 
the four design phases. For instance, although four papers select learning as their design 
intention, the theory and decision related to learning are missing. Eight out of 25 papers did 
not specify any design requirements. An emerging inconsistency lies in the fact that while 
the requirements for gameplay are geared towards enhancing the overall gameplay 
experience, the decisions on gameplay are solely centred on the forms of gameplay rather 
than on achieving a specific type of gameplay experience.  

Figure 3.1. Diagram of seven design requirement topics addressed in the four design phases 
(coloured lines indicate a direct connection that has been verified by the reviewed studies; 

dotted lines indicate a potential connection that may inform the design requirements). 

Therefore, this diagram serves as a descriptor of design practices in designing 
interventions that promote teenagers’ PA. Researchers can use the diagram to find topics on 
which research is scarce. For designers, the diagram can be used as an overview of current 
trends within the field to obtain inspiration. They can use it as a design toolkit to guide design 
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decision-making and reflect on how these decisions fit within the design phases lined out in 
the diagram.  

3.4.2 Framework of Design Requirements for Teenagers’ Triple 
Roles  

 

Figure 3.2. A framework of seven design requirements for triple roles of teenagers. 

To describe the requirements within design phase 2, we suggest a framework (see Figure 3.2) 
that reflects the inherent relationships between seven design requirements topics. The 
framework is based on the Players, Learners, and Users (PLU) model [415], which argues 
that children experience three distinct needs as players, learners, or users (triple roles), which 
can be met by technological features, such as Entertainment, Education, and Enabling. Hence, 
there are two layers with requirements: the experience needs and the supportive intervention 
features. In Figure 3.2, the requirements as players are social and gameplay aspects, which 
are highly related to experiences like fun and enjoyment. The requirements as learners are 
PA, learning and social aspects, since these requirements address the physical and mental 
health benefits of teenagers. The requirements as users (here, we refer to teenagers) involve 
PA, product / system / game design, and gameplay, which are indispensable parameters in 
interventions for teenagers’ PA. 
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As explained by Xu et al., the PLU model demonstrates triple roles from the perspectives of 
both children and adults, with the aim of meeting the interests of all stakeholders [415]. 
Hence, in Figure 3.2, the multi-stakeholder constraints represent an intersection of all 
requirements and a balance point of the triple roles of teenagers. Moreover, contextual 
constraints wrap around other requirements because changes in context substantially affect 
other requirements. 

3.4.3 Recommendations for Design Decision Making 

Based on an analysis of design considerations in the papers, we derived four design 
recommendations to support design decision-making in the field. 

3.4.3.1 Expanding the Physical-Virtual Game Experience Through 
Gameplay and its Required PA.  

The Dual Flow Model [182, 217, 234] expects the intervention to consider both the 
attractiveness of the game and the effectiveness of PA. In Table 3.4, we find that different 
forms of gameplay require different types of PA, which means that the difficulty challenge 
of the gameplay and the PA are dynamically balanced within each intervention. This makes 
it more feasible to develop adaptive fitness games for the skill and fitness levels of individual 
players. This review has covered teenagers aged 10 to 18 years to differentiate this specific 
user group from younger children. However, we should be aware that teenagers are still a 
wide range of ages, each year pertaining to very different needs and physical requirements. 

Lyons proposed three mechanisms — feedback, challenge, and rewards — to encourage 
enjoyment in exergames [223]. We saw that many interventions include these mechanisms, 
but few of them clearly articulate the rationale for the decisions made on designing gameplay 
experiences like fun, enjoyment, and playfulness. These experiences are initially suggested 
as part of the gameplay requirements (see Section 3.2.2) but are not described in the decision-
making phase. 

3.4.3.2 Expanding the Teenager-Peer Interaction Experience Through 
Diverse Social Patterns.  

Some researchers noticed that the teenager group is getting used to developing friendships 
through digital media and tends to be less interested in face-to-face communication with their 
friends [358]. Thus, the development of peer relationships within the collective participation 
of PA has been regarded as beneficial for teenagers [402]. 
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We suggest that a diverse social pattern scaffold through the intervention could facilitate 
teenagers to develop their social skills. In this review, 17 of 25 papers (see Table 3.3) value 
the importance of social development and prove the feasibility of facilitating social 
engagement within PA participation. We also see the possibilities for expanding the dynamic 
social experience by enabling diverse social relationships, social distance (see Table 3.5), 
and player interaction patterns (see Table 3.6). 

3.4.3.3 Expanding the Teenager-Computer Interaction Experience 
Through Technologies.  

Huysduynen et al. found that children of different ages have different preferences regarding 
feedback modality and interaction rules [157]; we recommend that designers be aware of the 
strengths and weaknesses of technological features, usage, and placement of intervention 
(see Table 3.7). For instance, portable wearable devices are effective in tracking personal 
data, and stationary augmented playgrounds provide a virtual immersion experience for 
players. By integrating both, Interactive Slide [205] includes physical and virtual features, 
balancing personalised feedback and collective play.  

3.4.3.4 Expanding Teenagers’ Experience Needs of Triple Roles Through 
Multi-Stakeholder Participation and a Variety of Contexts.  

Design researchers can consider involving multiple stakeholders in intervention development 
to better support the educational, enabling, and entertainment features of the intervention, 
thus supporting teenagers’ experience regarding their needs as players, learners, and users 
(see Figure 3.2). Although HCI designers can support the enabling features of the 
intervention and commonly value teenagers’ experiences in the entertainment features, often 
designers often overlook the educational features of the intervention, which could be 
supported by knowledge from health experts, educators, or supervised by caregivers. DeSmet 
et al. reported that participatory design studies that merely involved end users had positive 
impacts on game mechanics but negative impacts on the effectiveness of promoting healthy 
lifestyles [86]. This result confirms that a high-quality design intervention in promoting PA 
needs joint contributions from multi-stakeholders.  

Another suggestion is that design researchers can consider the involvement of multiple 
stakeholders related to the selected context. For instance, in Table 3.8, although (PE) teachers 
naturally play an essential role in the educational context, few design interventions 
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considered requiring or encouraging (PE) teachers to monitor and evaluate teenagers’ 
performance. Moreover, teenagers are generally under parental supervision in leisure 
contexts such as playgrounds and exhibitions. However, none of the reviewed interventions 
was initially designed for shared usage between family members. 

3.5 Conclusion of This Chapter 

This chapter presents a state-of-the-art overview of the design process for technology-
supported interventions to promote teenagers’ PA. Firstly, we present a diagram that 
illustrates four design phases (design intention; from theory to design requirements; design 
decisions; evaluated effects), discusses the connections of four phases and how the internal 
topics linked to each other throughout the design phases (see Figure 3.1), to inform designers 
and researchers on the state of the field. Secondly, we categorise seven topics of design 
requirements (PA; social; learning; gameplay; product / system / game design; multi-
stakeholder constraints; contextual constraints) and analyse the corresponding topics of 
design decisions that are distilled from the reviewed studies. Thirdly, we derive a theoretical 
framework (see Figure 3.2) that looks at design requirements through different lenses. 
Finally, we suggest four key recommendations for future design decision-making aimed at 
facilitating teenagers’ PA through technology-supported interventions. 

In the second cycle of iterative design research, this literature review study provides a 
theoretical foundation for my design research practice and informs the direction for my 
research trajectory. Building upon examining design considerations for interventions to 
promote teenagers’ PA, my next step is to focus on understanding multiple users’ perceptions 
of feedback and their contextual requirements of the DAF system in PE. With an awareness 
of the relevant design considerations and users’ needs, I will explore how to develop an 
effective DAF system that meets both the developmental needs of teenagers and the 
contextual requirements of PE. 
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Chapter 4.  

Understanding Users’ 
Perceptions of Feedback and 
Expectations of the Digitally 
Augmented Feedback System 
The design recommendations from the previous literature review study suggested a better 
understanding of user requirements for the design of digitally augmented feedback. In this 
chapter, we examine the perceptions of feedback in physical education and explore the 
adoption and expectations of physical activity-related technologies among three stakeholder 
groups: teenage students, PE teachers, and physical education teacher educators. Drawing 
insights from these users, we identify opportunities for designing digitally augmented 
feedback systems to enhance teenagers’ feedback experiences in the physical education 
context. 

4.1 Introduction  

Effective feedback is integral to teaching and learning, as it imparts knowledge, enhances 
motivation, and reinforces learning points [55, 146]. In motor learning, feedback 
encompasses intrinsic and extrinsic information regarding the quality and quantity of learners’ 
performance, which they receive before, during, and after completion of a motor task [248]. 
In the context of physical education (PE), PE teachers and peers commonly provide extrinsic 
feedback to help students identify areas for improvement, track performance progress, and 
acknowledge achievements. Effective feedback contributes to improved motor skill learning 
[72, 248, 296, 419], enhanced intrinsic motivation [194, 195, 255], and increased 
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engagement in physical activity (PA) [113]. Therefore, feedback is an essential educational 
tool for PE teachers. 

The effectiveness of feedback depends on various factors. Timing, quantity, and feedback 
scheduling [296] are considered technically necessary, as are systematic observation and 
sequential behaviour analysis to provide high quality feedback [335]. While emphasising the 
affective aspect that feedback should be both corrective and positive [173], contextual and 
learner nuances, such as motor skills and learning situations [248], must also be considered 
when providing effective feedback. Therefore, in addition to technical factors, effective 
feedback should also meet students’ diverse affective needs, developmental capabilities, and 
the situational context of PE. These multifaceted requirements make feedback a challenging 
task in the teaching practice of PE teachers. However, existing research on feedback in PE 
lacks insight into students’ perceptions and affective experiences, particularly in 
incorporating contextual factors in PE from a holistic perspective [365]. 

In the field of human-computer interaction (HCI), various design and research studies have 
been conducted to promote PA. For instance, popular consumer PA technologies have 
demonstrated their potential in monitoring personal physiological data (e.g., wearables such 
as Apple Watch and Fitbit Charge), tracking short- and long-term fitness progress (e.g., 
mobile applications such as Strava and Runkeeper), and delivering real-time multi-sensory 
feedback (e.g., exergames such as Ring Fit Adventure and Just Dance). These highly 
responsive, interactive, and immersive features of PA technologies also give them 
advantages in motivating PA participation among teenagers and in the PE context [296]. 
Explorations include but are not limited to 1) implementing video-based feedback 
technology to improve students’ motor skill execution [199, 247, 280] and enhance learning 
engagement in PE [63, 377, 400]; 2) utilising exergames to elevate energy expenditure [183, 
198, 263], boost participation interests [349], and enhance enjoyment [100, 204, 215]; 3) 
integrating wearable trackers to detect movements [92], quantify PA levels [241], and 
monitor long-term performances [253]. It is, therefore, reasonable to assume that 
developmentally appropriate digitally augmented feedback (DAF) systems with the 
enhancement of multi-sensory technology [338] hold great potential for reducing physical 
inactivity among young people and encouraging enjoyable participation in PE. However, 
although existing studies have shown some positive impacts of technology integration in PE, 
there is still a lack of multi-layered understanding [62] on how to design DAF systems that 
are specifically tailored to teaching and learning practices in the PE context. 



 79 

To bridge this research gap, our objective is to gather the perceptions of feedback in PE from 
three stakeholder groups: teenage students, PE teachers, and physical education teacher 
educators (PETE), and uncover potential opportunities in designing DAF systems to promote 
teenagers’ vitality. We interviewed 27 participants to understand user experiences and 
considerations of feedback in PE, pedagogical feedback strategies, adoption and perceptions 
of PA technologies, and visions of DAF systems in PE. By analysing areas of agreement and 
potential conflicts among participant responses, we generated contextually grounded user 
insights and identified design opportunities for the implementation of DAF systems in PE 
context. 

This study contributes to the expanding body of research on teenagers’ well-being in two 
ways. Firstly, it provides an empirical understanding of user perceptions and experiences of 
feedback in the PE context from a holistic perspective. Secondly, it provides evidence-based 
design opportunities to inform the development of DAF systems that specifically address 
teenage students’ affective needs, developmental capabilities, and contextual requirements 
of PE.  

4.2 Methods: Interview Study  

4.2.1 Study Setup and Context 

This study aimed to gain an empirical and contextual understanding of feedback experiences, 
considerations, and pedagogical strategies in PE. We conducted semi-structured interviews 
[123] using a multiple data source triangulation approach [136]. Specifically, we conducted 
interviews with participants from three stakeholder groups to enhance the credibility and 
validity of our qualitative findings. We started by exploring feedback preferences and 
experiences from the perspectives of 20 teenage students (aged 12 to 15 years). Subsequently, 
we examined feedback considerations and potential challenges for PE teachers in providing 
quality feedback. We then presented the previous findings to three PETE and attained their 
pedagogical strategies. Finally, we investigated the adoption of PA-related technologies by 
teenage students and PE teachers, along with PETE’s expectations in this regard. Based on 
these findings, we identified design opportunities for implementing DAF systems in PE. 

Most of this study was conducted at Heerbeeck College, a secondary school in the south of 
the Netherlands, where 20 teenage students and four PE teachers were involved. In particular, 
the PE department at this school was undergoing a one-year evaluation trial, transitioning 
from a summative assessment approach to a formative approach. Instead of biannually 
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scoring students’ PA exam results as in the past, PE teachers now generate descriptive reports 
on students’ progress in four developmental areas: motor skills, social skills, leadership skills, 
and self-reflection.  

Corresponding to the formative assessment [147], the PE department adopted the Sportfolio 
application [346], a digital portfolio mobile application for tracking the learning process and 
assessing PE, which requires both PE teachers and teenage students to set learning goals, 
monitor performances, and provide feedback on each other’s learning outcomes. 

4.2.2 The Participants 

4.2.2.1 Sampling Methods 

We used two sampling methods for the recruitment of participants. Initially, we adopted the 
handpicked sampling method by email to distribute study information to our contacts who 
are or may know full-time PE teachers at secondary school and PETE employed in the 
Netherlands. Subsequently, a snowball sampling method was applied, with initial 
participants encouraged to spread the study word-of-mouth to their colleagues and students.  

4.2.2.2 Selection Criteria 

Table 4.1. Demographic characteristics of teenage student participants. 

Demographics Sub-categories N=20 
Gender Male 11 

Female 9 
Age 12 years old 5 

13 years old 10 
14 years old 4 
15 years old 1 

School year in the 
secondary school 

First year 12 
Second year 6 
Third year 2 

Level of fitness 
compared to peers 

Above average 8 
Average 12 

Below average 0 
Attitude towards PE Like 15 

Neutral 5 
Dislike 0 

Our selection criteria required all participants to be full-time PE teachers or students 
voluntarily willing to participate in the study, with parental or guardian consent obtained for 
minors. Specifically, the selection criteria aimed to include participants from three sample 
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groups: teenage students currently in the first to third year of secondary school, PE teachers 
teaching first- to third-year secondary PE courses, and PETE responsible for secondary 
school PE teacher training courses. 

Table 4.2. Demographic characteristics of PE teacher participants. 

P# and 
Gender 

School Year Taught in the 
Secondary School 

Years of Teaching 
Experience 

T1 (F) 1st-3rd year 4 years 
T2 (F) 1st-6th year 6 years 
T3 (M) 3rd-6th year 2 years 
T4 (M) 1st-6th year 10 years 

In total, 27 participants were recruited for this semi-structured user interview study (see 
Table 4.1 to 4.3). In addition to four PE teachers (T1-T4) and 20 teenage students (S1-S20), 
we also interviewed three PETE (E1-E3) from Fontys University of Applied Sciences, 
School of Sport Studies in Eindhoven, The Netherlands.  

Table 4.3. Demographic characteristics of PETE participants. 

P# and 
Gender 

Years of Teaching 
Experience Academic Qualification 

E1 (F) >20 years Ph.D. (pursuing) 
E2 (M) 17 years Ph.D. 
E3 (M) 12 years Ph.D. 

Before starting the interviews, teenage students were asked about their: 1) gender; 2) age; 3) 
school year; 4) level of fitness compared to peers (above average, average, below average); 
and 5) attitude towards PE (like, neutral, dislike). PE teachers and PETE were asked about 
their demographics and teaching experience. The characteristics of our participants are 
organised in Tables 4.1 to 4.3. After the interviews, the participants received a small token 
of appreciation (i.e., tea bags). 

4.2.3 Semi-structured Interviews 

4.2.3.1 Procedures 

All interviews were conducted in person at the study or work sites of the participants. Before 
the interviews, the researcher observed four PE lessons, each taught by one participating PE 
teacher. The observations served three primary purposes: 1) to refine the drafted semi-
structured questions based on contextual observations and notes; 2) to recruit participants of 
teenage students on-site; and 3) to establish familiarity between the researcher and teenage 
students, creating a relaxed atmosphere for the interview. 
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To help teenage students recall their on-site experiences, we conducted interviews during 
activity rotation periods in their regular PE courses. Interviews with PE teachers and PETE 
were conducted immediately after their relevant lesson. Each interview with teenage students 
lasted 15 to 20 minutes, while the interviews with PE teachers took 30 to 40 minutes each. 
The interviews with PETE, on the other hand, lasted approximately one hour each. All 
interviews were audio-recorded with participants’ consent, and all verbal responses were 
transcribed verbatim for subsequent analysis. 

4.2.3.2 Content of the Interview 

 

Figure 4.1. The dimensions of feedback in relation to the enjoyment experience, social 
engagement, and competence development. 

The initial set of interview questions was developed by referencing relevant feedback 
literature [174], focusing on dimensions of feedback related to the enjoyment experience, 
social engagement, and competence development of teenage students (see Figure 4.1). 
Following the author conducted field observations in four PE classes, some revisions were 
made to the interview questions to confirm their relevance to PE teachers and teenage 
students. Eventually, a semi-structured interview scheme was established, addressing the 
following dimensions: feedback timeliness (during or after activities); feedback scale 
(individuals, small groups, or the entire class); feedback provider (PE teachers or peers); 
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feedback expression (positive, neutral, or negative); feedback experience (pleasant or 
unpleasant); feedback form (auditory, visual, or multi-sensory); and adoption and 
perceptions of PA technologies (usage, perceived benefits, and expectations). 

4.2.4 Data Analysis 

During the analysis, we used NVivo 12 software for a directed content analysis [155] of 
interview transcripts. The author and another researcher collaborated as two coders to 
develop a coding scheme. Initially, the two coders read through the 27 participant transcripts 
and selected 1117 relevant quotes (722 from S1-S20, 231 from T1-T4, and 164 from E1-E3) 
related to our research questions. The coders then analysed seven of the 27 interview 
transcripts (five from S1-S20, one from T1-T4, and one from E1-E3). They allocated 
predetermined feedback themes from the semi-structured interview scheme to the selected 
quotes. Any remaining quotes that did not align with these themes were assigned new codes 
after discussion. The coding scheme was further refined as the coders examined existing 
themes and associated quotes, making revisions, such as adding, subtracting, or merging 
subthemes, as needed. Once both coders reached a consensus and established operational 
definitions for each theme, the coding scheme was finalized. The first coder then used this 
final coding scheme to analyse the remaining 20 transcripts. 

4.3 Results  

The following sections present the results with selected interview quotes on the feedback 
dimensions of timeliness, scale, provider, expression, experience, and form, as well as 
adoption and perceptions of PA technologies. These results were synthesised from three 
groups of stakeholders’ perspectives, including teenage students’ experiences, PE teachers’ 
considerations, and PETE’s pedagogical strategies.  

4.3.1 Feedback Timeliness 

4.3.1.1 Perceptions of Feedback During Activities 

Feedback received during activities allowed the teenage students to recall their 
performance in detail and make immediate improvements. Among the 20 teenage 
students interviewed, 13 believed that receiving feedback during activities was helpful to 
immediately improve performance, allowing them to become more proficient at the activity. 
The terms “improve” and “do better” were mentioned ten and six times in their responses. 
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S2 stated, “If you get feedback right away, it is much easier to improve and make it better.” 
PE teachers also emphasised the importance of recalling the details of the movements for 
efficient correction. T3 stated, “I guess during the activity, they can remember some more 
things they just did a few minutes ago and then they can immediately correct them.” 
Additionally, T1 noted that timely corrective feedback not only reinforces correct 
movements that students have performed in practice but also promotes their learning 
autonomy: “When they [students] see a positive impact on performance or learning things 
after testing what I suggested in feedback, then next time they will automatically replicate 
what I suggested.”  

Feedback received during activities interfered with teenage students’ engagement and 
enjoyment. Eight out of 20 students complained that receiving feedback during activities 
disrupted their engagement in skill acquisition and interrupted their enjoyment of physical 
play. They described their PA experiences as “disturbed (S3, S13-S15)”, “distracted (S19, 
S20)”, and “stuck (S9)”. For instance, S3 stated, “When I am busy during activity, I just want 
to focus on the [PA] process without being disturbed.” And S9 added, “If you receive it 
[feedback] during [PA], then you get stuck in the middle, you had to stop and listen and start 
over again, instead of just having fun or playing.” E2 shared a similar point of view, 
highlighting that motor skill development is highly dependent on adequate practice and that 
excessive feedback during PA could hinder this practice, “The priority is to keep them 
[students] active and to have them practice a lot, rather than talking to them all the time.” 

4.3.1.2 Perceptions of Feedback After Activities 

In contrast, six teenage students found receiving feedback after activities agreeable because 
it allows students to concentrate on more complex feedback and encourages them to self-
assess previous deficiencies. 

Feedback received after activities helped the teenage students focus on complex 
feedback, promoted in-depth reflection, and mitigated cognitive overload. Three 
students (S1, S14, S16) noted that after completing a PA, they could better direct their 
attention to the feedback content and thoroughly reflect on their activity performance. For 
instance, S1 stated, “When you do the recap after the activity, you can better understand [the 
feedback] because you are more focused [than during the activity].” T2 also explained that 
PE teachers provide more detailed feedback after PA, facilitating students’ in-depth 
reflection, “When they [students] are not doing activities, they can think about feedback 
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better. I can gather them together, give more detailed feedback, and explain them a bit more 
thoroughly.” E2 agreed, highlighting that feedback with ample information is more effective 
to provide after the activity to prevent cognitive overload, “According to cognitive load 
theory, it is difficult to perform a skill, have feedback, process feedback content, and apply 
feedback all at once. Especially for feedback with a lot of content, it is not very effective to 
give during PA.” 

Feedback received after activities encouraged the teenage students to self-assess 
previous deficiencies, allowing them to retain the feedback until the next practice 
opportunity. Six students believed that feedback received after activities was still beneficial 
for improvement. By comparing their previous activity performance with the feedback 
received, they could identify areas that needed correction and apply this knowledge “later 
(S12, S13, S19)”, “next time (S1, S14)”, or in the “next lesson (S16)”. For example, S19 
stated, “I prefer to do it first in a way that I think is good. Then I can tell the differences 
using the feedback I received. Later, I can do it again, just as I have been told to improve 
myself.” 

However, four students pointed out several limitations of receiving feedback after activities. 
For instance, it could be ineffective for students who struggle to recall their mistakes or who 
have limited opportunities to make corrections. 

Feedback received after activities could be ineffective if students fail to recall their 
mistakes. Two students (S2, S4) questioned the effectiveness of feedback given after 
activities, as it could be challenging to make improvements if they could not clearly 
remember their movements or mistakes. As S2 expressed, “I think after completing the task, 
it is [feedback] no longer needed. Because then you will like, ‘Oh, wait! What did I do?’ And 
it becomes way more difficult to improve.” E3 stated a similar view, and T3 explained that 
the attention of teenage students could easily be diverted anywhere, making them prone to 
forget their previous performances.  

Feedback received after activities posed challenges to students with limited 
opportunities to practice or make corrections. Three students (S4, S7, S18) expressed 
concerns that, without the opportunity to practice repeatedly, they might forget the feedback 
content over time. For example, S4 claimed, “If I get a tip after the activity, it is better just 
to try again and improve myself. Otherwise, I will easily forget it and make the same mistakes 
next week.” T1 also agreed that students would struggle to retain feedback content without 
sufficient practice or repeated corrections. 
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4.3.1.3 Strategies to Provide Feedback During and After Activities 

The timeliness of the feedback delivery depends on various factors, including its 
function, content, complexity, frequency, and activity type. E2 and E3 highlighted that 
PE scholars have examined various strategies regarding feedback timeliness, recognising that 
a one-size-fits-all approach is untenable. They argued that the appropriateness of a feedback 
strategy should be determined by considering feedback function, content, complexity, 
frequency, and activity type. These factors are interconnected, making it imperative for PE 
teachers to draw on their specialised knowledge and practical experience to adopt a case-
specific approach in selecting the most suitable feedback strategy. As E2 stated, “There are 
several aspects to consider. For example, the frequency depends on the content of the 
feedback. And the complexity of the feedback determines the frequency as well.” 

During tactical learning, feedback should be delivered promptly and accompanied by 
comprehensive discussions. According to PETE, feedback related to the cognitive and 
mental aspects of tactical skills is most effective when provided during activities, particularly 
sports games. E1 and E3 stressed the necessity to promptly address strategic or tactical 
shortcomings, sometimes even “freeze the situation (E3)” right in the game to resolve issues 
involving all players. In these situations, PE teachers play a crucial role in identifying errors 
and facilitating discussions and reflections among team members. For instance, E1 stated, “I 
really think that in tactical learning, you must freeze the students during the situation. If it is 
in games, all players need to work well together. So, you must show them what went wrong 
and then discuss and reflect with the students.” 

During technical learning, feedback should be as implicit and unobtrusive as sensory 
cues. E1 and E2 agreed that the technical and motor skills learning process places a high 
attentional demand on learners, who already receive intrinsic feedback through their physical 
sensations while performing and reflecting on their skill execution. Therefore, the extrinsic 
feedback provided by the PE teacher should be implicit and presented as sensory cues to 
minimise cognitive distractions. Unobtrusive feedback prompts, such as commonly used 
gestures and whistles in PE, can manifest in various sensory forms, including visual, auditory, 
haptic, olfactory, and environmental cues. E2 also provided an example of how unobtrusive 
prompts could be conveyed through the adjusted layout of sporting accessories: “If you place 
some marker cones at a specific location, learners can be prompted to run around it and 
immediately figure out what to do at which point.” 
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During the initial stages of technical learning, feedback should be low frequency, clear, 
concise, and focused. E2 argued that prompt detection and correction of errors is crucial 
during the early cognitive stage of motor learning, guiding students towards autonomous 
learning. In line with this perspective, PETE suggested providing low frequency, clear, 
concise, and focused feedback during the early stages of technical learning to avoid 
overwhelming students with excessive information. T2, E2, and E3 further emphasised the 
importance of specifying one focus at a time when offering technical skill-related feedback 
to teenage students. Additionally, E2 cautioned against frequently delivering lengthy and 
complex feedback, “If you really want to make sure that a student understands complex 
feedback, you have to shorten it. Because it is just too difficult for them to process and the 
frequency [of such feedback] must also be lower.”   

During the intermediate to advanced stages of technical learning, feedback should be 
provided after activities and complemented by targeted repetitive practice. PETE 
suggested that feedback on specific technical movements and motor skills should be provided 
after activities to minimise distractions during practice. Furthermore, they proposed 
strategies such as repetitive practice with situational cues to reinforce the execution of correct 
movement. For instance, placing players in specific contexts can help automate proper 
movements. As E1 explained, “If I really want learners to, for example, raise their elbow 
higher while throwing, then, instead of instructing them verbally, I will just place them 
against a wall and let them practice. Then, they have to raise their elbow higher. Otherwise, 
they will hurt themselves.” This feedback approach effectively assisted learners in 
developing the correct techniques while minimising distractions during skill practice.  

4.3.2 Feedback Scale 

4.3.2.1 Perceptions of Feedback for Individuals 

Eight out of 20 students preferred to receive feedback individually because it focused on 
improving personal performance and addressed their need for personal attention.  

Individual-scale feedback related to personalised performance correction and 
progression. Seven students stressed that individual-scale feedback centres on personal 
performance (S3), deeming it “meaningful and helpful (S11)” for themselves. Examples of 
such feedback included identifying individual movements as correct or incorrect (S18, S19, 
S20) and offering suggestions for personal improvement (S13, S14). Additionally, PE 
teachers and PETE also confirmed that their feedback to individuals often aimed to correct 
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recurring mistakes (T2, E2) and guide progress (E3). T1 and T4 also believed that 
individually provided feedback was essential to guide students’ progress, since “each student 
has their own unique learning stage and pace (T1)”. 

Individual-scale feedback fulfilled the students’ need for personal attention. Two 
students (S3, S4) reported that feedback related to personal issues could be more effective in 
capturing their attention, as it made them feel “noticed (S4)”. Similarly, T4 believed that 
students feeling “seen and heard” implied the need for personal attention. Consequently, the 
attention obtained from individual feedback could encourage students to be “more willing to 
take steps in their progress (T4)”. To address students’ needs for personal attention, PE 
teachers and PETE suggested approaches to providing individual feedback, such as 
mentioning each student’s name to increase their sense of being noticed (T2, E1) or 
highlighting students’ sports preference (e.g., their favourites, the ones they are best at, or 
the ones they have recently started) in teacher feedback to strengthen social intimacy between 
teacher and students (E2). 

Individual-scale feedback could be inefficient, making it challenge to respond equally 
to the requests of each student. Although several benefits of individual feedback were 
noted, four students (S1, S3, S4, S11) also realised that expecting everyone to receive 
individualised feedback even once per lesson was unrealistic. PE teachers and PETE 
commented on practical difficulties, including the limited time available in each lesson, given 
the large number of students (T1, T2, E1-E3). Consequently, students could hardly receive 
equal attention due to the inefficiency of individual feedback. As alternatives, some PE 
teachers provided individual feedback to a few students in one lesson and shifted their focus 
to others in the next lesson (T3, T4). Others prioritised students who needed more assistance, 
such as those with relatively poor motor skills (T1), introverted and non-expressive students 
(T3), or inactive ones (T4). 

4.3.2.2 Perceptions of Feedback for Small Groups 

A total of 11 students indicated that the feedback scale most frequently applied in PE was 
small groups and that this type of feedback emphasised teamwork improvement and social 
collaboration. 

Group-scale feedback with minimal interference and maximum flexibility emerged as 
the scale most frequently applied. Eight students stated that feedback for small groups was 
the most common scale they had encountered, but none of them expressed a strong preference. 
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Three PE teachers confirmed and emphasised the benefits of providing feedback to one group 
of students at a time to avoid disrupting the PA of the remaining students. E2 supported this 
point of view, while E1 suggested that initiating group-scale feedback offers flexibility in 
managing feedback at different scales. Therefore, PE teachers could readily adjust the 
feedback scale for small groups, allowing them to encompass the entire class and focus on 
specific individuals as needed.  

Group-scale feedback focused primarily on teamwork improvement and social 
collaboration. Regardless of whether the feedback came from peers (S6) or the PE teacher 
(S13, S20), five students believed that the group-scale feedback focused on improving 
strategies and tactics for all team members (S3). E3 expressed strategies and tactics could 
change dynamically based on each group member’s performance, particularly in sports 
games. Additionally, S19 and S20 identified group feedback as a means of enhancing 
collaboration and engagement within the team. T1 and T3 also mentioned encouraging social 
interactions and communication through group-scale feedback, since they could easily spot 
inactive or less communicative students in small groups. 

4.3.2.3 Perceptions of Feedback for the Entire Class 

A small number of six students responded to the topic of receiving feedback for the entire 
class. Two students (S11, S15) believed that they had always found feedback worthwhile, 
regardless of the scale at which it was provided. The remaining students did not express a 
clear preference but rather commented on the two patterns of class-scale feedback: general 
instructions at the beginning of the lesson and a summative review of the process at the end. 
The feedback provided at the beginning of the lesson focused on providing general 
instructions for upcoming activities (T1, T2) and addressing daily issues that required 
attention (S3, S4, S7) for the entire class. In contrast, feedback at the end of the lesson 
involved a rapid evaluation of students’ performance levels regarding the learning goals (S13, 
T1-T3), or a summary of students’ general engagement and activeness during PA 
participation (T3, E2, E3). 

4.3.2.4 Strategies to Provide Feedback to Individuals, Small Groups, and 
the Entire Class 

Balance the feedback scale to suit different types of PA. To accommodate different types 
of PA, E3 suggested balancing the feedback scale accordingly. For instance, individual-scale 
feedback was considered more suitable for solo activities, including “gymnastics and 
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athletics such as track and field (E3)”, while team activities such as sports games or dances 
were considered better suited for small group-scale feedback. Class-scale feedback was 
commonly given after a specific type of PA to summarise the entire activity. 

Balance the feedback scale to compensate for time constraints. PETE believed that 
group- and class-scale feedback could help compensate for time constraints associated with 
individual-scale feedback. E1 suggested that PE teachers could conclude common mistakes 
and valuable advice that warrant attention on a larger scale, followed by providing feedback 
to the entire class. Similarly, E2 proposed that the most efficient and effective way to provide 
complex teacher feedback is through group-scale feedback rather than individual-scale 
feedback. Furthermore, E2 suggested grouping students based on their competency levels, 
allowing PE teachers to offer highly targeted and specific feedback that is meaningful to all 
group members. 

Balance the feedback scale to foster emotional connections. A study highlights the 
importance of emotional connections between teachers and students for effective 
pedagogical practices in PE learning [414]. Therefore, the spatial distances inherent in 
different feedback scales can also influence emotional connections between students and PE 
teachers. E1 believed that providing feedback on individual and group-scale, with closer 
spatial distances, could help build more intimate connections between PE teachers and 
students. In contrast, with farther spatial distances, class-scale feedback could create a sense 
of alienation and detachment. Meanwhile, T4 cautioned that PE teachers should avoid 
making performance comparisons within and between groups to foster emotional 
connections and encourage social connectedness.  

Balance the feedback scale to meet students’ personal needs. PE teachers and PETE were 
aware that individually given feedback is essential, especially when feedback needs to be 
personalised to meet students’ specific needs. T2 found that the teenage students exhibit 
various motivational orientations and varying expectations about feedback. For instance, 
some ego-oriented students may prioritise results, while task-oriented students may focus 
more on the engagement process. Additionally, T4 and E1 highlighted the necessity to 
consider the affective needs of teenage students, particularly regarding privacy and emotional 
safety [302], as some students could be hypersensitive and resistant to receiving corrective 
feedback in a public setting (T4). For instance, S8 was unwilling to expose personal 
shortcomings to peers during group or class-scale feedback. 
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4.3.3 Feedback Provider 

4.3.3.1 Perceptions of Feedback from PE Teacher 

Among the 20 students interviewed, 14 preferred to receive feedback from their PE teacher 
due to the perception of greater trustworthiness, greater quality, and safety concerns. 

Teacher feedback was widely acknowledged and valued by students. Eleven students 
acknowledged the intrinsic value of teacher feedback, two expressing an implicit trust in their 
teacher feedback (S1, S2). Three students noted that PE teachers consistently provide 
rigorous and formal feedback (S3, S9, S15), reinforcing the perception that their feedback is 
of considerable importance. T3 supported this view, believing that students understand and 
take the importance of teacher feedback seriously. In addition, seven students believed that 
PE teachers are professionals (S4, S12) possessing greater knowledge (S11) and experience 
(S1, S18). This perception contributed to the belief that the feedback provided by the PE 
teachers is of higher quality (S19) and more conducive to learning (S11, S13). All three 
PETE agreed with this view, emphasising that PE teachers are specially trained experts in 
their subject area, and consequently, their feedback is more practical and higher quality than 
feedback from other sources. 

Teacher feedback primarily addressed improving students’ performance and safety, 
aspects that are often lacking in peer feedback. Ten students highly valued the 
instructional quality of teacher feedback. They noted that the feedback from their PE teachers 
was much more detailed and actionable, pointing out correct and incorrect movements, and 
providing specific suggestions for improvement. As S7 stated, “It is quite effective that my 
[PE] teacher tells me not only what is good or bad, but also more detailed tips on how and 
what can be done better.” E3 stated that this level of detail can be a crucial distinguishing 
factor between teacher and peer feedback. Three students mentioned that in addition to 
helping improve students’ performance (S16, S19), PE teachers also provide instructions to 
prevent injury (S6). For instance, S6 described how the PE teacher gave safety advice before 
activities such as trampolining and obstacle jumping, “You have to raise your legs higher. 
Otherwise, there is a risk you fall.” In general, students perceived teacher feedback as 
essential to improve performance and ensure safety due to its detailed and actionable nature. 

However, teacher feedback could be inaccurate due to the challenge of assessing 
students' overall performance through partial observations. The teenage students were 
aware that teacher feedback could occasionally be inaccurate or incomplete due to limited 
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observations of each student. Two of them (S12, S19) noted that PE teachers have limited 
time to focus on an individual's performance, which may lead to errors in their feedback. T2 
confirmed this limitation and E2 stated that PE teachers could provide incomplete feedback 
based on a limited view of a student's performance, “This happens so often that a PE teacher 
can hardly see the entire picture of a student. Maybe the student has done something right 
ten times, but the PE teacher saw the only mistake and immediately provided feedback. In 
such cases, feedback could even have a negative impact on student motivation.” Furthermore, 
three students noted that PE teachers can occasionally misidentify students in a group or class, 
resulting in feedback mismatches (S11) or attributing mistakes to the wrong student (S13, 
S17).  

4.3.3.2 Perceptions of Feedback from Peers 

Thirteen students preferred peer feedback due to its broader perspective, higher frequency, 
and more pleasant atmosphere. 

Peer feedback diversified feedback perspectives and enhanced feedback validity. Four 
students believed that their teammates and PE teachers would offer different perspectives on 
their performance, making it valuable to receive diverse feedback. These varied perspectives, 
in turn, provided students with enriched information and fostered objective perceptions. For 
instance, S11 stated that some peers may excel in a particular sport more than their PE teacher, 
who possesses general knowledge of various PA. Additionally, S2 and S16 pointed out that 
peer feedback often emphasises team achievements, such as strategies for winning against 
other teams, which PE teachers may overlook. Two PE teachers (T2, T4) also believed that 
triangulated feedback, which incorporates multiple input channels (i.e., feedback from the 
PE teacher, peers, and students' self-perceptions), is more robust. The other two PE teachers 
(T1, T3) claimed that they use peer feedback as supplementary information to calibrate their 
overall judgement and identify inconsistencies between multiple input sources. 

Peers’ observations of each other's performance spanned extended periods, allowing 
more frequent and unconstrained feedback. Team members could observe each other’s 
progress over an extended period (S12, S16), allowing continuous and timely peer feedback 
(S1). Moreover, peer feedback could occur on various occasions and locations, not restricted 
to the PE class. For instance, S3 once received feedback from peers in the dressing room 
after a PE lesson. Three PETE agreed that peer feedback is more frequent than teacher 
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feedback and, therefore, E1 and E3 suggested that peer feedback could serve as a teaching 
tool to supplement limited teacher feedback.  

Peer feedback fostered a pleasant and encouraging social atmosphere due to the 
emotional connection between peers. Ten out of 20 students appreciated the lively and 
cheerful atmosphere during the peer feedback process. Four explained that peer feedback 
often involves humorous utterances (S13, S18, S19), creating a sense of fun and joy (S3). T2 
and T3 agreed that peer feedback may appear informal due to the varying degree of 
seriousness between students in providing feedback. Some students commented that peer 
feedback consists mainly of compliments (S2, S9) and encouragements (S13, S15, S16, S19). 
Meanwhile, S4 and S6 felt a stronger emotional connection in feedback provided by close 
peers. T3 claimed that the different levels of social intimacy among peers could also 
influence students’ receptiveness to peer feedback (T3).  

However, despite the many benefits of peer feedback, 12 students highlighted a few 
drawbacks such as potential mistrust, limited instruction, and lack of critical feedback. 

The precision and reliability of peer feedback could be mistrusted occasionally. Three 
students (S1, S2, S11) reported that they sometimes question the precision or reliability of 
peer feedback and thus seek confirmation from the PE teacher before taking any further 
action. Moreover, S1 felt confused when peer feedback contradicted the feedback of the PE 
teacher. Three PETE also claimed that the quality of peer feedback could vary, in part due to 
the “challenging nature of providing feedback on skills (E2)”. 

Peer feedback could primarily serve as a performance reminder and therefore be less 
instructive. Eight students noted that peer feedback tends to highlight their correct (S7, S14) 
and incorrect (S5, S6, S16, S19) performance or remind them to perform “harder (S16)” and 
“faster (S13, S19)” with ambiguous descriptions (S1), rather than offering guidance on “how 
to correct, change, or improve (S7)”. E3 also agreed that peer feedback may lack detailed 
instructions and guidance for skill improvement. 

Peer feedback may lack the necessary criticality to avoid unpleasantness. Some students 
hesitated to provide critical feedback to their peers to avoid causing unpleasantness. For 
instance, S18 perceived peer feedback as not rigorous and tended to overlook minor mistakes 
by peers to spare their feelings. The other two students (S6, S19) expressed that even when 
they needed to point out others' mistakes, they did so cautiously to avoid sounding negative. 
Additionally, three students (S12, S18, and S19) mentioned that they only felt confident 
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giving instructional feedback when they could perform better than others. T2 also observed 
that peers found it challenging to provide critical feedback without offending, especially 
when feedback was given face-to-face.  

4.3.3.3 Strategies to Utilise Teacher and Peer Feedback 

The feedback content should align with the PE learning objectives. As an integral part of 
the teaching method, feedback is expected to contribute to the learning objectives of PE. T1 
noted that PE aims to foster the progress of motor, social, and leadership development of 
students, emphasising that encouraging peer feedback can complement and enhance these 
developmental goals. E1 and E3 echoed this view, highlighting that self-determination theory 
also underscores the importance of fostering students’ motivation for competence, 
relatedness, and autonomy, all of which correspond to the PE learning objectives. Therefore, 
both peer and teacher feedback should align with the learning objectives of PE, such as 
developing motor skills competence in terms of tactics (T3) and technique (T2), fostering 
positive attitudes (T2), and imparting knowledge (T1) in various sports.  

In peer feedback, students could unconsciously learn from observing each other’s 
performance, thus enhancing their motor skills (T1, T3, T4). PETE further explained that 
effective observation requires a well-rounded understanding of performance criteria, ranging 
from novice to exemplary (E1, E2). Therefore, this comprehensive understanding of quality 
criteria also promotes students’ reflection on their performance, enhancing learning 
outcomes.  

PE teachers also emphasised the importance of relatedness in feedback, such as developing 
social skills through teamwork (T1) and encouraging frequent peer interactions (T3). In peer 
feedback, students could learn to use an appropriate tone for effective communication (T1), 
express themselves with confidence (T1, T3, T4), and engage in negotiation to optimise 
group performance (T4, E1).  

Moreover, feedback should contribute to the development of leadership skills and autonomy. 
PE teachers believed that as mediators they should allow students to switch roles between 
leaders and followers (T1). Through peer feedback practice, students could also develop 
autonomy in organising activities (T4) and taking initiative in contributing ideas (T1).  

Providing effective teacher feedback requires clarifying the intended learning 
objectives in advance. In PETE’s opinion, PE teachers often overlook the importance of 
clarifying learning objectives with students. E2 and E3 stressed that the research findings 
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suggest that effective feedback should include feed-up, feed-back, and feed-forward [55], 
responding to the goals, current progress, and next steps [146] of teaching activities. 
Learning objectives and performance criteria were also essential for students to objectively 
assess each other’s competency levels and provide high-quality peer feedback (T1, E2).  

Teacher and peer feedback should target different levels of feedback focus. PETE 
emphasised that research outcomes suggest four in-depth focus levels of feedback: task level, 
process level, self-regulation level, and self-level [55, 146]. Although process-level feedback 
requires complex instructions on improvements, which can be challenging for teenage 
students to master, E2 and E3 argued that peer feedback should primarily focus on the task 
level to remind each other of the correctness of their performance. In addition, E3 believed 
that high-quality teacher feedback should go beyond the task and process levels and focus 
on the self-regulation level, where students are taught to assess and navigate their progress, 
as well as the self-level, which feedback is about the self as a person and mostly relates to 
praise.  

The complexity of peer-feedback tasks should be introduced incrementally, and peer 
feedback could supplement teacher feedback. To effectively implement peer feedback 
(E3), PE teachers were suggested to gradually increase the complexity of peer evaluation 
tasks from low to high (E2). As E1 noted, “…observation and analysis can be more complex 
from one activity to another. For example, letting students observe a high jump is much 
easier than watching a basketball game and giving feedback. As a PE teacher, you have to 
balance what they can do and do it very slowly.” E2 highlighted that peer evaluation tasks 
can be challenging for students, especially in complex sports game situations. Therefore, PE 
teachers should break down complex evaluation tasks into smaller components and guide 
students to focus on specific and straightforward observational tasks. Additionally, E2 
suggested ways to use peer feedback in PE teaching. For instance, peer feedback can 
supplement limited teacher feedback (E2, E3). PE teachers could also integrate peer feedback 
with their observations to fully assess students’ performance and provide comprehensive 
feedback (E2). 

PE teachers should provide sufficient instruction and guidance to students throughout 
the peer feedback process. As beginners, teenage students may lack the knowledge and 
experience to provide high-quality peer feedback independently (E1). Therefore, PE teachers 
were suggested to provide sufficient guidance on all aspects of peer feedback, including 
training students in performance evaluation criteria and procedures, observation skills, and 
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methods of providing feedback (E2, E3). Additionally, E2 suggested that PE teachers initiate 
“dialogues” with students to discuss feedback they received and provided to peers. 
According to the reflective learning process [220, 286], these “dialogues” could encourage 
students to deliberately reflect on their peer feedback practices, thus achieving a deeper 
understanding of the learning content. 

4.3.4 Feedback Expression 

4.3.4.1 Perceptions of Positive Feedback 

Positive feedback was strongly preferred as recognition and compliments. Fifteen 
students expressed a clear preference for positive feedback, stating that it made them feel 
“nicer (S3, S9, S17, S20)”, “happier (S5, S18)”, and “more motivated (S11, S15)”. Notably, 
eight students specifically perceived positive feedback as recognition of their outstanding 
performance and compliments for their efforts. PE teachers instinctively provided positive 
feedback (T1-T4) or conveyed it in a positive tone (E2). Furthermore, E3 stressed the 
importance of maintaining positive facial expression when giving such feedback.  

4.3.4.2 Perceptions of Neutral Feedback 

Neutral feedback was generally deemed acceptable but had limited value for 
improvement. Some students interpreted neutral feedback as encompassing mixed 
comments with excellent and poor performance (S1, S3). Among the 13 students who voiced 
their opinions on neutral feedback, three strongly preferred it, stating that it presented a more 
factual reflection of their actual performance (S1). Four students considered neutral feedback 
acceptable (S2, S13) because it implied that their performance had no major flaws (S9, S14). 
Conversely, five other students were not interested in receiving neutral feedback, finding it 
to be not helpful for their improvement (S10-S12, S15, S20). PE teachers indicated that they 
provided neutral feedback to mitigate students’ emotional responses during conflicts (T1) or 
ensure equitable comments on group performance, thus avoiding comparisons (T3). 

4.3.4.3 Perceptions of Negative Feedback 

Negative feedback was often viewed as a hard-to-accept expression, yet, surprisingly, 
some students recognised its potential benefits for enhancing performance. Among the 
16 participants, four students were optimistic towards negative feedback, acknowledging its 
crucial role in identifying their shortcomings and facilitating effective improvement. 
Although somewhat reluctant, three students accepted negative feedback given their 
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awareness of its importance (S5, S18, S20). However, five other students had aversion to 
negative feedback (S15, S17), believing that it could “ruin moods (S2)”, “demotivate (S1)”, 
or create a sense of “failed (S9)”, to which T2 also agreed. Four students had ambivalent 
attitudes towards negative feedback, believing that they could receive it calmly, but still 
found it “frustrating (S3)” and prone to make them “easy to get mad with harsh feedback 
from peers (S6, S14, S19)”. PE teachers and PETE recalled providing negative feedback 
primarily in cases of prohibited behaviours (T4) and disciplinary issues, such as students 
remaining idle without active participation (T2) or disturbing their classmates (E2). 

4.3.4.4 Strategies to Provide Positive, Neutral, and Negative Feedback 

The selection of feedback expressions requires careful consideration, as each expression 
can impact motivation distinctively. PETE viewed positive comments and compliments as 
“the most powerful form of feedback (E2)” to cultivate a motivational learning climate (E1) 
for students. Negative feedback was perceived as ineffective (T1), as it fails to offer benefits 
to students’ physical competence (E1, E2) and instead leads to frustration and a decrease in 
motivation for PA participation (E2, E3). Consequently, both T1 and E2 proposed to 
eliminate negative words and expressions from the feedback. Furthermore, when addressing 
areas of improvement in students’ performance, PE teachers opted to comment with caution 
in a positive tone (T1, T2) or mix negative with positive aspects to neutralise the feedback 
expressions (T3, E3). 

Feedback quality is as essential as feedback expression. In addition to the importance of 
feedback expressions, PE teachers and PETE highlighted the importance of high-quality 
feedback content. Some suggested constructive feedback (T4, E1) as a valuable tool to 
enhance students’ motor skills development (E1). This perspective means that PE teachers 
should not only comment on desirable or undesirable performances as feed-back, but also 
elaborate on areas for improvement (T4, E2) and provide guidance on how to make those 
improvements, known as feed-forward (E1, E2). Others suggested ways to maintain both 
positive expression and high-quality feedback content. For instance, E3 stated that 
maintaining a positive expression also necessitates an honest reflection on students’ 
performance within the feedback process. Meanwhile, E2 stressed the need for feedback 
content to be highly focused, specific, and clear while maintaining a positive tone. According 
to this view, compliments should be accompanied by detailed remarks that clarify the reasons 
why the performance is praiseworthy.  
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4.3.5 Feedback Experience 

4.3.5.1 Pleasant Experiences in Receiving Feedback 

A total of 17 students described their pleasant experiences while receiving feedback, 
characterising them as enjoyable and socially engaged. They expressed enjoyment in 
receiving compliments and instructive feedback on personal performance and progress. 
Additionally, the students found that their social engagement experiences were fostered by 
compliments and instructive feedback on team efforts and achievements, along with 
interactions in the peer feedback process. 

Compliments and instructive feedback on personal performance and progress 
contributed to teenage students’ enjoyable experiences. Eleven students described these 
enjoyable experiences as making them “feel good (S15, S18)”, “nice (S2, S3, S20)”, “happy 
(S1-S3, S11, S12, S19)”, and “fun (S6, S13)” when receiving positive feedback. Particularly 
for compliments such as “did it very well / good / right / the best (S1, S11-S13, S15, S18, 
S19)” with respect to their outstanding physical performance. Meantime, ten students 
expressed pleasure in receiving instructive feedback that heightened the self-awareness of 
their competence (S3, S7), increased their chances of success (S2, S5, S20), and assisted 
them correct and improve their physical movements (S1-S3, S9, S14-S16). T3 stressed that 
feedback that effectively enhances students’ performance can also be enjoyable for them. E1 
also added that student satisfaction was closely related to their sense of achievement and 
advancement in competence. 

Complimentary and instructive feedback on team efforts and achievements, along with 
interactions in the peer feedback process, contributed to socially connected experiences. 
Six students found PE teachers’ compliments on team efforts (S11, S16) enjoyable and 
motivating (S4), as these positive affirmations brought a sense of team pride (S15, S19) and 
enhanced social bonds (S12) among team members. The other seven students believed that 
enjoyable experiences and social engagement were interconnected. Encouragement (S9, S20) 
and recognition (S12) received from their teammates not only brought them happiness (S1, 
S16) but also increased social interactions (S4) and engagement (S3) within the team.  

Meanwhile, three students perceived peer feedback to enhance their social engagement 
experiences due to a shared goal of optimising team performance (S19). Consequently, 
instructive peer feedback, such as suggestions for improvement (S2) or reminders to avoid 
mistakes (S14), was valuable to the overall progress and cohesiveness of the team.  
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Furthermore, the increased interaction in the peer feedback process were beneficial in 
strengthening student social connections. As students engaged in giving and receiving 
feedback among themselves, oral communication (S6), eye contact (T2), and behavioural 
interactions (S16, T2) became more frequent, contributing to enhanced friendliness and a 
sense of social connection between students (S20, T3). 

4.3.5.2 Unpleasant Experiences in Receiving Feedback 

Five out of the 20 students reported having unpleasant experiences when receiving feedback. 
For instance, S2 and S14 expressed that feedback that did not yield immediate improvements 
felt unnecessary and left them upset, describing their experiences as "sad" or "mad". Others 
(S4, S8) felt irritated and resistant to feedback, especially when their performance 
consistently fell short of expectations. S2 and S19 also mentioned experiencing 
disappointment when the feedback they received did not align or fell below their self-
perceived performance levels. 

4.3.5.3 Strategies to Enhance Pleasant Experiences in Providing 
Feedback 

Complimentary feedback has the potential to enrich enjoyable experiences and 
motivate active participation. It is widely acknowledged that compliments can foster a 
"positive climate (T1, E1)", causing students to feel "joyful," "fun," and "happy" in PE. S4 
specifically noted that receiving recognition from the PE teacher amplifies motivational 
feelings. Two PE teachers (T2, T4) expressed that students’ pleasant expressions and active 
participation were indicators of enjoyable experiences. They also believed that greater 
enjoyment often correlates positively with increased PA participation.  

Social-behavioural feedback can effectively facilitate engagement and enhance team 
cohesiveness. T1 and E1 agreed that with the facilitation of PE teachers, it is feasible to 
create an ideal social climate that is welcoming, inclusive, interactive, respectful, helpful, 
and communicative. This climate could ultimately contribute to high-quality teaching and 
learning outcomes. Consequently, PE teachers were first advised to explain the learning goals 
related to social skills in the feed-up phase, followed by regulating and guiding students’ 
social behaviours towards the appropriate ones in the feed-back phase (E2). For instance, 
fostering students’ ability to be supportive and collaborative (T2), take initiative in 
challenging situations, and enhance team dynamics (E3). Additionally, PE teachers were 
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suggested to intentionally assign team-based tasks (E1, E3) and encourage the achievement 
of team goals (T3) as strategies to strengthen team cohesion.  

4.3.6 Feedback Form 

4.3.6.1 Perceptions of Auditory Feedback 

Of the four teenage students who responded to this question, two explicitly expressed a 
preference for auditory feedback. S3 believed that oral instructions were sufficient to address 
general issues, while S14 explained that listening to oral instructions was more feasible for 
them than paying extra visual attention during sports games. T2 and T4 also stated that oral 
instructions were the most used form of feedback in PE. Conversely, two students (S8, S9) 
and E2 raised concerns that students might have difficulty correctly understanding abstract 
verbal feedback compared to concrete visual cues. T1 also noted that oral instructions could 
not be delivered effectively over longer distances.  

4.3.6.2 Perceptions of Visual Feedback 

Visual feedback, in the form of photos, pictures, and body movements, was preferred by five 
students. Three of them (S3, S11, S14) stated that they were sometimes provided with 
pictures to assist them in maintaining correct postures. S1 believed that pictures were less 
helpful than demonstrations of body movements and E1 argued that static photos and pictures 
could barely capture the rhythm of a series of movements. Consequently, both S1 and S5 
agreed that feedback through body movements could help them quickly and clearly 
understand how to perform well. In addition to showing students the correct movements, T2 
and T3 confirmed that they would personally demonstrate how to play the new game to 
several students.  

PE teachers also mentioned other visual aids to provide feedback. T1 and T4 used a 
whiteboard to illustrate learning goals, activities outline, tactics, groupings, and student 
progress. Additionally, T4 utilized an active reviewing method [134] to enable students to 
visualise their performances bodily (e.g., taking a few steps forward or backward for positive 
or negative rating), allowing the teacher to gain an overview of students’ experiences in the 
lesson and provide feedback on identified issues. 
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4.3.6.3 Perceptions of Multi-sensory Feedback 

A combination of verbal and visual feedback was the most popular form for ten teenage 
students. They described the multi-sensory form as “clearer (S8)”, “more direct (S1)”, 
“understand better (S13, S14)”, and “more helpful (S9)” in mastering the content of the 
feedback. This form is often shown when a PE teacher demonstrates correct performance 
through body movements and accompanying it with oral explanations (T2, T3).  

In addition, some technologies have been experimented with to enhance multi-sensory 
feedback in PE. For instance, the participating PE department tested the Sportfolio 
application [346], and T2 also experimented with video-based feedback. Consequently, three 
students (S12-S14) stressed that the more varied the forms of feedback or the richer the 
sources of information they receive, the better and easier it is for them to understand the 
content of the feedback. 

4.3.6.4 Strategies to Provide Auditory, Visual, and Multi-sensory 
Feedback 

The choice of feedback form should depend on the specific situation. One belief was that 
each form of feedback has its unique value and that all forms can be helpful for students to 
understand the feedback content in the best possible way (S11). Therefore, PE teachers’ 
selection of feedback forms varied depending on the activity or situation (S3, T1). For 
instance, students could more efficiently allocate visual attention for feedback in 
trampolining than in football games (S19). Meanwhile, E1 believed that verbal instructions 
are more suitable for PE teachers to facilitate students’ tactical skills and team collaboration 
than to improve technical movements.  

Multi-sensory feedback-enriched learning channels can be utilised to optimise motor 
learning. E3 believed that the offering of a variety of information channels contributed to 
students’ motor learning in PE. Research findings suggest that multi-sensory learning 
mechanisms can yield more effective learning outcomes [334]. In addition, E2 suggested 
staggering different sensory forms, considering that students might have difficulty 
processing mixed feedback forms simultaneously. 



 102 

4.3.7 Adoption and Perceptions of Physical Activity Related 
Technologies 

We investigated the adoption of PA-related technologies among students and PE teachers 
and sought the opinions of PETE regarding two applied educational apps and their visions 
for implementing PA technology in PE. 

4.3.7.1 Adoption of PA-Related Technologies 

Table 4.4 provides an overview of the categories of PA technologies used inside and outside 
of the PE. The findings revealed that PA technologies were used more widely in the daily 
lives of students and PE teachers, such as fitness games, fitness applications, and wearable 
trackers, compared to their use within the PE context, where they encountered only two 
educational applications. Outside of PE, fitness games were highly rated among students due 
to their entertainment and immersion features. In contrast, wearable trackers found 
unanimous favour among PE teachers due to their unique feature of tracking physiological 
data in real-time (see Table 4.5).  

Table 4.4. Categories of PA technologies used inside and outside of PE. 

Tech Category  Participants Tech Products and Users 
Inside PE 

Educational 
Applications 

Teenage students (10/20) 
PE teachers (4/4) 
PETE (1/3) 

Sportfolio (mobile application) (S3, S5, S6, S10-S16, 
T1-T4, E3) 

Teenage students (4/20) 
PE teachers (3/4) 
PETE (3/3) 

Video feedback (tablet application) (S9, S16, S18, S20, 
T1, T2, T4, E1-E3) 

Outside PE  

Fitness Games Teenage students (10/20) 
PE teachers (1/4) 

Just dance (S1, S2, S10, S18-S20) 
Wii sports (S7, S8, S16, S18, T1) 
Pokémon go (S17, S18) 

Fitness 
Applications 

Teenage students (2/20) 
PE teachers (2/4) 

Apple health (S4) 
RunKeeper (T1, T2) 
Other (S19) 

Wearable 
Trackers 

Teenage students (1/20) 
PE teachers (4/4) 

Apple watch (S3) 
TomTom sports watch (T1) 
Garmin Forerunner sports watch (T2)  
Polar sports watch and chest strap (T4)  
Heart rate vest (T3) 
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4.3.7.2 Perceptions of Integrating PA Technologies into PE  

Table 4.5 summarises the favoured and disfavoured features of the PA technologies adopted 
among students and PE teachers. These features include information tracking, feedback and 
support, adaptation and personalisation, social connectedness, and usability. Drawing on 
these technological features, we delve into the perceived benefits and expectations of PETE 
regarding the integration of PA technologies into PE. 

Perceived Benefits of PA Technologies in PE 

The most advantageous features of PA technologies in PE were perceived to be related to 
information tracking and feedback. These features include documenting and providing 
personalised feedback on real-time physiological data, short- and long-term progress, and 
on-site performance. 

PA technologies could provide physiological feedback in real-time regarding the 
amount and intensity of PA. Three PETE agreed that PA technologies, such as wearable 
trackers, can accurately present real-time physiological data, facilitating the quantification 
of individuals’ PA levels and intensity. However, E1 and E3 expressed concerns about the 
meaningfulness of sensor-generated physiological data in discerning or enhancing the quality 
of movements, which they believed is a crucial aspect to address in PE. Notably, E2 
suggested that physiological sensors and data could serve as learning tools for students, 
helping to develop awareness of fitness, promoting self-reflection on an active lifestyle, and 
imparting knowledge related to physical literacy. This proposition is particularly relevant, as 
E2 noted that the PE curriculum focuses primarily on PA participation, often overlooking the 
introduction of health-related knowledge. Consistent with Table 4.5, PE teachers (T1, T3, 
T4) also expressed appreciation for the physiological data tracking feature of wearables, as 
they offer exclusive access to data through sensors, exceeding the capabilities of experienced 
trainers.  

PA technologies could track students’ short- and long-term progress. T4 highlighted the 
pressing need to effectively present the learning progress of students, particularly in response 
to the transformed formative assessment practices in their PE. As shown in Table 4.5, the 
tracking and feedback features related to short- and long-term progress are preferred because 
they allow students to review their personal growth over time (S4, S5, S16, S17, S19) and 
provide PE teachers with a means to periodically assess their students’ progress (T2) in 
various learning objectives (T4).  
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Table 4.5. Favoured and Disfavoured Features of PA Technologies. 

Tech Feature Participants Favoured  Disfavoured  
Information Tracking  

User’s on-site 
performance 

Teenage students (3/20) 
PE teachers (1/4) 
PETE (3/3) 

Video feedback (S16, S18, 
S20, T1, E1-E3) 
Sportfolio (S16, E3) 

 

User’s real-time 
physiological data 

Teenage students (1/20) 
PE teachers (3/4) 

Wearable Trackers (S3, T1, T3, 
T4) 

 

User’s short- and 
long-term progress 

Teenage students (5/20) 
PE teachers (3/4) 

Sportfolio (S5, S16, T1, T4) 
Wearable trackers (T1, T2, T4) 
Fitness applications (S4, S19, 
T1, T2) 
Fitness games (S17) 

 

Feedback and Support  

Feedback on the 
user’s correct and 
incorrect 
performance 

Teenage students (13/20) 
PE teachers (3/4) 
PETE (3/3) 

Sportfolio (S3, S6, S11-S14, 
S16, T1, T2, E3) 
Video feedback (S9, S16, S20, 
T1, T2, T4, E1-E3) 
Fitness games (S1, S8, S10, 
S16, S20) 

Fitness 
applications 
(S19) 

Feedback on the 
user’s short- and 
long-term progress 

PE teachers (2/20) Sportfolio (T2, T4)  

Adaptation and Personalisation 
Personalised goal 
setting 

Teenage students (2/20) 
PE teachers (1/4) 

Fitness applications (S4) 
Sportfolio (S12, T2) 

 

Adaptive physical 
activity Teenage students (3/20) Fitness Games (S1, S2, S18)  

Adaptive difficulty 
level Teenage students (1/20) Fitness applications (S19)  

Social Connectedness 
Co-location 
Interactions 

Teenage students (3/20) 
PE teachers (1/4) 

Fitness games (S16, S18, S20, 
T1) 

 

Usability 

Entertainment and 
immersion 

Teenage students (8/20) 
PE teachers (1/4) 

Fitness Games (S1, S2, S7, 
S16, S18, S20, T1) 

Sportfolio 
(S10, S15) 

Convenience and 
efficiency 

Teenage students (2/20) 
PE teachers (3/4) 

Wearable Trackers (S3, T1, T2, 
T4) 

Fitness Games 
(S18) 
Sportfolio 
(T2) 
Video 
Feedback (T1) 
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PA technologies could assist PE teachers in providing personalised feedback to each 
student in a timely and high-quality manner. T1, T3, and E3 acknowledged that tracking 
students’ on-site performance using PA technologies can facilitate PE teachers to provide 
personalised feedback without being constrained by time and location. Furthermore, E3 
emphasised that PA technologies allow the integration of feedback from a holistic 
perspective, while E1 believed that they could relieve PE teachers from the burden of 
continuous feedback tasks. This technological assistance would allow them to focus on more 
productive teaching activities, such as fostering a motivational learning climate that 
encourages learner autonomy. Additionally, as shown in Table 4.5, the students (S1, S3, S6, 
S8-S14, S16, S18, S20) also expressed a strong desire to receive adequate feedback and 
support on site regarding their correct and incorrect performance, whether from peers, PE 
teachers, or PA technologies. 

Expectations of PA Technologies for PE 

An obstacle to the popularization and implementation of PA technologies in PE in the 
Netherlands, as raised by E3, was the limited school budget. This financial constraint 
necessitates decision-makers to carefully assess the added value of PA technologies and 
obtain PETE’s expectations regarding their compatibility and usability. 

Compatibility with various objectives and stages of learning. PETE expressed the 
expectation that the implementation of PA technologies should align closely and be adapted 
to different learning objectives in PE (E1, E2). Specifically, it is necessary to appropriately 
represent sensor-generated physiological data to meet the specific learning needs of teenage 
students (E3). Furthermore, T1 and E2 pointed out that although students generally own 
personal smartphones, PE teachers rarely consider incorporating fitness applications into the 
PE curriculum due to the high threshold required to align them with teaching objectives. 
Additionally, S4, S12, and T2 expressed satisfaction with the adaptive feature of 
personalised goal setting, which allowed students to set progress plans based on individual 
learning stages, as indicated in Table 4.5. 

Compatibility with various difficulty levels. Recognising the variability in students’ 
physical capabilities throughout different ages and genders, E1 and E3 expressed an 
expectation that PA technologies should be compatible with various difficulty levels. They 
believed that the adaptive difficulty level feature, which encompassed various physical 
challenges and task complexity, along with the attractiveness of PA technologies, were 
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necessary to prevent students from experiencing anxiety or boredom during short- and long-
term use. Additionally, S19 was pleased with the adaptive difficulty level feature of a fitness 
application (see Table 4.5), where the challenge was gradually increased during usage. 

Compatibility with on-site setup and layout. PETE expected that PA technologies and the 
feedback they provide are implicit, ambient, and unobtrusive, seamlessly integrated with the 
sports apparatus (E1) or blended with the setup and layout of the sporting field (E2, E3). For 
example, E1 envisioned technologies embedded in basketballs or jerseys that provide 
ambient feedback without causing distractions, “For example, you see the light on the 
sporting goods you are using to indicate that you let the ball leave your hands too soon.” 
Similarly, E2 and E3 envisioned a more extensive scale “digital playground ecosystem” 
where different technologies can be combined for various sports venues, “…a gym would 
integrate a set of cameras that you can activate as required (E3)” or “Maybe there are lights 
at the bottom of the swimming pool to guide you to swim at a certain pace (E2)”. Therefore, 
the multi-sensory feedback from this “ecosystem” would cater to students’ needs across 
various PA. Similarly, S1, S2, and S18 expressed that they valued the adaptive PA aspect of 
fitness games, as they offered options to choose their favourite PA (see Table 4.5). 

Usability in terms of convenience and efficiency. Usability is crucial when considering PA 
technologies, while PETE specifically emphasise the importance of convenience and 
efficiency. For instance, E3 stated that PA technologies should be easy to use and intuitive, 
with simplified operations that enable both students and PE teachers to use them efficiently 
and independently. Moreover, E3 highlighted the need for time-saving technologies to 
increase teaching efficiency for PE teachers (E3) rather than to reduce students’ active time 
(T3, E1, E3). These expectations align with the convenience and efficiency aspects of the 
usability feature in Table 4.5. Specifically, S3, T1, T2, and T4 appreciated the portability and 
compatibility of wearable devices in different PA and sporting venues. Meanwhile, S18 
criticised the inconvenience of holding a controller when playing fitness games, and T1 and 
T2 were unsatisfied with the extra work PE teachers required to use two educational PE 
applications. 

Usability in terms of entertainment and immersion. Another aspect of the usability feature, 
indicated as entertainment and immersion in Table 4.5, received high praise from the 
students. They particularly enjoyed the attractive graphical user interface and the entertaining 
nature of fitness games, which brought joy and excitement to teenage players (S1, S2, S7, 
S16, S20). The interactive nature of these fitness games also provided immersive experiences, 
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allowing players to deeply engage in the gameplay without feeling physically exhausted (S1, 
S2, S16, S18, S20, T1). Conversely, S10 and S15 expressed dissatisfaction with an 
educational application due to its tedious interaction process. 

4.4 Discussion and Design Opportunities 

This study aimed to develop a holistic understanding of how feedback is given and received 
in PE, as perceived by three stakeholder groups. We triangulated the interview data sources 
with teenage students’ experiences, PE teachers’ considerations, and PETE’s pedagogical 
strategies to examine feedback timeliness, scale, provider, expression, experience, and form, 
along with adoption and perceptions of PA technologies.  

Our investigation into feedback within the PE context revealed that teenage students 
generally prefer to receive feedback during performances, for individuals, from both the PE 
teacher and peers, in positive expression, with pleasant experiences, and in a multi-sensory 
form. Additionally, we identified feedback challenges between teenage students’ needs, PE 
teachers’ practical constraints, and PETE’s pedagogical expectations within those 
interconnected feedback dimensions. Specifically, these challenges are 1) Timely and 
personalised feedback during activities is essential for motor skill learning. However, 
concerns about attentional distractions and time constraints often lead PE teachers to provide 
group-scale feedback after activities. 2) Teenage students value their need for affective 
satisfaction as much as their need for competence development, but PE teachers often 
overlook affective needs in the feedback provision process. 3) Despite the growing use of 
PA technologies in the daily lives of PE teachers and teenage students, these technologies 
are rarely integrated into the PE curriculum. 

Thus, the following sections first present the clustered findings of these interconnected 
feedback dimensions. Subsequently, in response to the emerging feedback challenges, we 
propose three design opportunities for DAF systems to address the requirements of the three 
stakeholder groups. 

4.4.1 Discussion  

4.4.1.1 Feedback Timeliness and Scale Dimensions 

The dimensions of feedback timeliness and scale are intrinsically linked. Specifically, PE 
teachers provided individual or group-scale feedback during performances and class-scale 
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feedback before and after performances. In contrast, peer feedback was frequently accessible 
during and after performances but was limited to their team members. 

Within the dimension of feedback timeliness, students preferred to receive feedback during 
PA, as it allowed them to recall movement details and thus make immediate corrections. 
PETE also underscored the essence of timely feedback for error detection and correction, 
particularly during the early stages of motor skills learning [72, 113]. However, feedback 
during PA was also perceived to be potentially disrupting students’ engagement and 
enjoyment [146]. Consequently, feedback during technical learning was recommended to be 
clear, concise, focused, and low-frequency, or implicit and unobtrusive as sensory cues. 
Previous research has similarly highlighted the importance of providing learners with only 
essential information for their success, as individuals who engaged in PA have limited 
attention and memory capacity [248]. These findings uncover a problem that, although the 
value of timely feedback during activities is well acknowledged, the attentional distractions 
associated with existing feedback forms compel PE practitioners to compromise by 
providing feedback after activities.  

The feedback scale dimension illustrated the students’ primary preference for individual 
scale feedback. Although the need for personalised competence improvement is well 
recognized, our study revealed the affective needs of teenage students, including personal 
attention, emotional connection, privacy, and emotional safety. These two aspects of the need 
for individual scale feedback align with a study conducted by Weeldenburg et al. [399], 
which emphasised the students’ preferences for timely delivery, tailored information, social 
and emotional safety, and spatial and affective intimacy in individualised feedback. These 
findings identify a challenge that although students’ need for affective satisfaction is as 
critical as their need for competence development, the affective aspect of need is often 
overlooked or left unaddressed within the teaching and learning process.  

4.4.1.2 Feedback Provider, Expression, and Experience Dimensions 

Several intersections emerge between the results in the dimensions of feedback provider, 
expression, and experience. Notably, peer feedback was predominantly positively expressed 
and often resulted in pleasant experiences for students, fostering enjoyment and social 
engagement. Meanwhile, positive feedback expression also contributed to student enjoyment 
and sense of social connectedness. 
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The feedback provider dimension suggested that teacher feedback received high 
acknowledgement from students due to its perceived trustworthiness, higher instructional 
quality, and attention to the safety aspect of student performance. The quality recognition of 
teacher feedback is consistent with previous research [194], which has found that teacher 
feedback significantly promotes intrinsic motivation of students in PE. Another study has 
also suggested that teachers’ informative feedback positively influences students’ 
engagement, perceived physical capability, and skill performance in PE [113]. These 
findings reveal that teacher feedback positively influences student perceptions of competence, 
thus ultimately developing their actual competence over time. 

Students perceived peer feedback as diversifying perspectives, enhancing the validity of 
feedback through extended observation and increased frequency, and fostering a more 
pleasing and encouraging social atmosphere. These findings are consistent with a study by 
Chow et al. [72], highlighting that peer feedback fosters a dynamic and lively learning 
atmosphere in the class. Other researchers have also found that peer feedback positively 
impacts students' affective performance, such as enhancing learning motivation, participation 
interests, and socialisation [49, 200], as well as their perceived competence, confidence, and 
self-efficacy [58]. Nevertheless, our findings also revealed concerns about the quality of peer 
feedback, including its lack of precision, reliability, instruction, and rigour. A related study 
[72] has argued that peer feedback has limited utility for skill development, particularly when 
students lack the necessary knowledge to provide such feedback. These findings indicate that 
peer feedback specifically addresses students’ affective and social needs, while teacher 
feedback excels in supporting their need for competency development. Both aspects are 
closely related to the overall pleasant experiences of the students in PE. 

Within the feedback expression dimension, students highly preferred positive feedback as it 
consisted of compliments and affirmations of their outstanding performance. Similar 
research findings have highlighted students’ strong expectations of recognition for their 
efforts and achievements [399]. Moreover, PE teachers considered positive comments and 
compliments to be optimal feedback expressions for creating a motivational learning climate 
for students, a notion supported by a previous study [195]. Some researchers have also 
revealed the benefits of psychological and emotional support from positive feedback [72], 
including improvements in students’ intrinsic motivation [194], perceived competence [22], 
vitality, and positive affect [255]. 
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Meanwhile, neutral feedback was seen as an acceptable expression but was considered to 
have limited value for improvement. Surprisingly, despite the students’ unwillingness to 
accept negative feedback, some acknowledged the potential benefits of identifying 
shortcomings and making improvements effectively. Researchers have also argued that 
negative and specific feedback helps prevent mistakes by providing students with skills-
related information [72]. In contrast to the students’ views, PE teachers and PETE did no 
value negative feedback, believing that not only does it not contribute to students’ physical 
competence, but it also creates frustration and decreases motivation to participate in PA. This 
discrepancy may be attributed to PE teachers’ efforts to minimize negative feedback in their 
teaching practices, causing students to perceive little downside. Additionally, some 
researchers have found that nonverbal form of criticism from PE teachers has a limited 
impact on students’ perception of competence or intrinsic motivation [194]. Therefore, we 
can assume that balancing positive and negative feedback, selecting appropriate feedback 
forms, and providing meaningful content may be more effective than considering positive 
feedback the sole optimal expression, as suggested in a previous study [398]. 

 The feedback experience dimension revealed that the students perceived two types of 
pleasant experiences when receiving feedback: enjoyment and social engagement. These 
interconnected experiences came from complimentary and instructive feedback, while 
enjoyment related to student personal performance and social engagement focused on team 
achievements. These findings can be interpreted that students’ pleasant experiences are 
rooted in satisfying their interconnected affective, social, and competence needs, as a positive 
correlation between satisfying peer relationships and increased enjoyment of PA has also 
been noted [287].  

The results also highlighted that students’ social engagement is mainly dependent on 
encouraging and instructive peer feedback and interactions that occurred during the peer 
feedback process, with a small proportion related to PE teachers’ compliments regarding 
team efforts. These findings align with the notion presented by Vasconcellos et al. [385], 
suggesting that peers tend to affect relatedness more substantially than PE teachers. Other 
research findings have also noted increased socialisation [200] and a greater sense of trust 
[58] among students as outcomes of using peer feedback in PE, driven by frequent 
communication and interactions during the feedback process [49, 375]. Consequently, as 
suggested by Weeldenburg et al. [399], PE teachers should always safeguard effective 
grouping processes and promote cooperation within groups. This point of view also mirrors 
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our uncovered feedback strategies, aiming to facilitate an ideal social climate through teacher 
feedback on students’ social behaviours. 

4.4.1.3 Feedback Form and Adoption and Perceptions of PA 
Technologies 

PA technologies are advantageous in providing multi-sensory form feedback yet designing 
DAF systems requires a deep understanding of the specific properties of the different 
feedback modalities and technological features. 

The feedback form dimension suggested that auditory feedback, such as verbal instructions, 
was the most frequently used feedback form in PE [173]. This prevalence is attributed to the 
fact that auditory feedback does not require extra visual attention. Previous studies have also 
echoed that auditory feedback can reduce distractions for athletes, as it does not necessitate 
specific orientation or focused attention [98, 332, 338]. However, our results also found that 
verbal instructions were perceived as less effective when delivered over long distances or in 
noisy environments, and the abstract nature of auditory feedback presented challenges for 
students to grasp the information conveyed. In contrast, visual feedback, such as direct 
demonstrations of body movements, was believed to facilitate a clear and easy understanding 
of proper movement. Sigrist et al. [338] have also underscored that concurrent visual 
feedback is particularly advantageous in the early stages of complex task learning, as it 
provides learners with readily accessible information. 

Regarding the most preferred multi-sensory feedback, researchers have contended that 
multiple modalities better simulate real-life experiences [334], making them the stimuli with 
the most potential for effective learning mechanisms and, consequently, yielding more 
optimal learning outcomes [296]. Specifically, multiple modalities offer a higher probability 
of providing precise information and allow a flexible switch to an optimal learning channel 
to prevent cognitive overload in learners [338]. Despite the recognition of multi-sensory 
feedback, participants agree that each form of feedback has a distinct value in effectively 
enhancing students’ comprehension of learning content [338]. Related literature has also 
highlighted that the choice of feedback forms and content should align with the desired 
learning goal within a specific skill or learning stage [382]. 

The dimension of adoption and perceptions of PA technologies revealed that PE teachers 
and teenage students have integrated various PA technologies into their daily lives, albeit 
with relatively limited use within the PE context. Additionally, while there was a shared 
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interest in feedback and support features of PA technologies among the three stakeholder 
groups, it is essential to note their distinct preferences. PETE and PE teachers were drawn 
primarily to the information tracking and convenience and efficiency aspects of usability, 
while students exhibited greater interest in the entertainment and immersion aspects of 
usability. These findings imply a marked preference for PA technologies, with PE teachers 
and PETE focusing on their instructional potential, while students value their entertaining 
properties more [224]. 

Meanwhile, Ashley et al. [62] have characterised young populations as technology 
enthusiasts and active users, while teachers often display resistance and face challenges when 
integrating technology into their pedagogical practices. A similar ambivalence towards 
technology also emerged in our results, as PE practitioners expressed the benefits and 
expectations associated with PA technologies. Specifically, three perceived benefits of PA 
technologies in PE were summarised as documenting and providing personalised feedback 
from real-time physiological data [241], tracking short- and long-term progress, and 
enhancing on-site performance. Expectations regarding PA technologies for PE were 
considered compatibility (i.e., compatibility with various learning objectives and stages, 
difficulty levels, and on-site setup and layout) and usability (i.e., convenience and efficiency, 
and entertainment and immersion).  

The necessity of compatibility and usability in adopting PA technology is also highlighted in 
other research findings. For instance, studies have suggested that technology should be 
compatible with PE pedagogies [170, 193] and meaningful learning for individuals [62], 
considering students’ dynamic learning stages and paces [389]. Similarly, some studies 
suggest that PA technologies compatible with users’ lifestyles result in greater engagement 
and, consequently, increased acceptance [94, 363]. Furthermore, improving usability features 
raises broader concerns, since it directly impacts user receptiveness [193] and innovativeness 
[363], both of which are vital influential factors in the adoption of PA technology. Therefore, 
the need for user-friendly PA technology tools that are easily accessible [193], easy to use, 
and quick to learn [363] is highlighted as a response to the emerging challenges to technology 
integration. These challenges are, for example, the perceived burdensome effort of wearing 
and guarding devices [94, 311, 312], the time-consuming usage in teaching and learning 
practices [174], and the loss of active time in PE [193, 390]. 
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4.4.2 Design Opportunities for Digitally Augmented Feedback 
Systems in Physical Education 

Drawing on insights from these interconnected feedback dimensions and relevant literature, 
and in response to the identified feedback challenges, we propose three design opportunities 
for developing novel DAF systems aimed at enhancing teenagers’ feedback experiences in 
PE and fostering their sustained engagement in PA. 

4.4.2.1 Facilitating Timely, Constant, and Personalised Quality Teacher 
Feedback in DAF systems.  

Although teenage students expressed a great need for timely and personalised feedback in 
response to feedback timeliness and scale dimensions, providing such feedback can be 
challenging for PE teachers due to the large number of students, time constraints, and the 
complexity of classroom situations. However, our finding related to perceptions of 
integrating PA technologies into PE indicates a strong belief that technology has the 
potential to assist PE teachers in providing timely, personalised, and constant feedback that 
tracks students’ short- and long-term progress. Additionally, previous studies have identified 
that technology promotes dynamic and flexible teaching and learning processes that adapt to 
individual learning paces [416]. Moreover, technology has been applied as an educational 
resource in PE to enable automated assessment processes [275] with its instant availability, 
usability, mobility, and versatility [389]. Similar research outcomes have also found that 
sensor-based platforms excel in tracking and evaluating data, making them reliable tools to 
assist teachers in feedback and formative assessment [331]. Based on these findings, we 
propose that DAF systems should assist PE teachers in providing students with quality 
feedback that is upscaled in real-time, constant, adequate, and personalised to each student's 
learning stages and paces [389]. 

4.4.2.2 Fulfilling the Competence, Affective, and Social Needs of Students 
by Coordinating Feedback Properties in DAF Systems. 

Students have multiple needs for feedback, including competence, affective, and social 
aspects, as revealed by the insights from the feedback provider, expression, and experience 
dimensions. Among these, the affective needs of students are often neglected or unmet during 
PE teaching practices. This unfulfilled need also explains why students highly value the 
entertaining properties of PA technologies, namely, entertainment and immersion features. 
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Previous studies have found that technology promotes enjoyable and stimulating learning 
experiences [389] during personalised and cooperative learning processes [170, 191], 
satisfying students’ diverse learning needs [115]. Therefore, to meet students’ complex and 
dynamically changing needs while yielding effective and affective outcomes, we recommend 
that DAF systems be competent in the well-coordinated provision of feedback properties. 
This coordination should include a balance between offering instructional and entertaining 
feedback, with positive and negative expressions, promoting competence achievements, and 
social interactions for enjoyment and engagement experiences. 

4.4.2.3 Representing Students’ Physiological Data for Meaningful Motor 
Learning through Multi-Sensory Forms in DAF systems. 

Although providing real-time physiological feedback was perceived as a distinct advantage 
of PA technologies, its meaningfulness to quality psychomotor learning remains unclear. 
Therefore, meaningful representations of the knowledge of sensor-generated physiological 
data should be compatible with learning objectives [191, 275] in designing appropriate DAF 
systems for PE. A similar viewpoint also states that the advantages of technology in PE are 
viewed as facilitating access, discovery, understanding [387], and consolidation of content-
related learning information through various output channels [275, 389]. Recognising that 
each learner’s sensory abilities differ [213], we suggest that the use of multi-sensory 
feedback provides a more enriched approach to data representation, thus enhancing the 
learning process more effectively [334].  

Another crucial consideration in designing DAF systems is to provide intuitive feedback on 
students’ movements without interfering with their motor skills performance or PA 
engagement. This challenge requires that DAF systems be equipped with unambiguous but 
unobtrusive properties. For instance, unambiguous feedback has been found to be a critical 
contributor to player achievement of flow state [162, 177] in video gameplay [207] and PE 
settings [176]. Meanwhile, unobtrusiveness is emphasised in sport feedback design to 
minimise visual distraction of the player [285] and in long-term on-body data collection to 
eliminate wearer discomfort and burdensomeness [321]. Moreover, sensor-based platforms 
have been verified to have unobtrusive data collection and analysis capabilities [331]. 

Hence, we propose that the design of DAF systems should not only consider meaningful data 
interpretation and multi-sensory representation to facilitate optimized motor learning but also 
should be empowered with unambiguous yet unobtrusive properties to prevent 
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misinterpretation, facilitate the flow experience, eliminate cognitive overload, and improve 
usability.  

4.4.3 Limitations of the Study and Future Directions 

Although this study offers a holistic understanding of feedback experiences and insights into 
the integration of DAF systems in PE, it is essential to acknowledge certain limitations that 
can affect the generalizability of the findings and provide directions for future research. 

Firstly, the secondary school where we interviewed the teenage students and the PE teachers 
was in the experimental stage of integrating technology into the PE curriculum. 
Consequently, the findings and design opportunities may not fully represent schools without 
technology integration or those with more advanced integration into their PE curriculum. 
Moreover, schools and individuals who participated in this study may have had prior 
knowledge or interest in PA technology, which could introduce bias into the findings. 
Therefore, caution should be exercised when generalizing these findings to a broader PE 
context.  

Secondly, the complexity of the PE learning context presents methodological challenges. 
Factors such as the transition from summative to formative assessment, variations in teaching 
methods among PE teachers, differences in PA tasks and skills taught in each lesson, and the 
influence of indoor or outdoor venues based on weather conditions can introduce variability 
into research outcomes.  

This study serves as an initial exploration of the design space for integrating DAF systems 
in the context of PE for teenage students from the HCI perspective. Future studies should 
consider addressing these complexities and expanding the demographic scope to include a 
more diverse range of secondary school PE programs, enabling a more robust outcome.  

4.5 Conclusion of This Chapter  

We conducted a user interview study to explore experiences, considerations, and strategies 
for giving and receiving feedback in PE. Our key findings highlighted teenage students’ 
preferences in receiving feedback during activities, for individuals, from both the PE teacher 
and peers, in positive expression, with pleasant experiences, and in a multi-sensory form. 
Additionally, our findings explored the potential benefits of PA technologies and shaped the 
expectations of DAF systems to better support PE teaching and learning. Furthermore, we 
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put forth three design opportunities for DAF systems to mediate the feedback challenges 
among the needs of three stakeholder groups.  

In conclusion, this study has revealed an empirical understanding of feedback practices that 
can inform the decision making of PE practitioners about technology integration and 
development of feedback strategies, thus ultimately contributing to improving the 
engagement of teenage students in PE learning. Moreover, the proposed design opportunities 
for DAF systems provide guidance to HCI researchers, facilitating further exploration of 
design solutions and research directions to improve teenagers’ PA engagement and their 
overall PE experiences.  

In the next chapter—the final step of the second iterative design research cycle in this thesis, 
we design, develop, implement, and evaluate a DAF system within the PE context. The 
design of FitBirds is informed by the opportunities proposed in this chapter, positioning it as 
a concrete example of how a DAF system can mediate feedback challenges while balancing 
the needs of the three key stakeholder groups in PE.  
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Chapter 5.  

Designing and Evaluating a 
Digitally Augmented Feedback 
System in the Physical 
Education Context4 
In Chapter 4, we presented a study of user interviews to understand feedback experiences, 
considerations, and strategies from teenage students, physical education teachers, and 
physical education teacher educators to inform the design of digitally augmented feedback 
systems. Based on these empirical insights, in this chapter, we present the design and 
implementation of a digitally augmented feedback intervention that provides heart rate 
feedback in the physical education context, as well as a mixed-method field evaluation that 
examines the effects of the digitally augmented feedback system on teenage students’ 
enjoyment, social engagement, and physical competence. 

5.1 Introduction  

Participating in physical activity (PA) can benefit teenagers’ physical and mental 
development [156] and prevent childhood obesity and cardiovascular disease [381]. For these 
health benefits, the World Health Organisation recommends that teenagers do 60 minutes of 

 

4 This chapter is partially based on the following publication. 

Ma, Y., Yu, B., Bekker, M. M., Hu, J., & Vos, S. (2020). FitBirds: Designing Heart Rate Feedback for 
Playful and Social Physical Education. In NordiCHI '20-Proceedings of the 11th Nordic Conference 
on Human-Computer Interaction (pp. 1-4). New York: Association for Computing Machinery, Inc. 
DOI: 10.1145/3419249.3421243 
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PA daily at a moderate- to vigorous-intensity level [413]. Research indicates that better 
maintenance at recommended intensity levels is associated with greater cardiovascular 
fitness and a lower percentage of body fat among teenagers around 16 years of age [139]. 
However, differences in the biological development of individuals [339] can lead to 
variations in physical fitness status. Consequently, each teenager may require a different 
amount of PA to reach the recommended intensity level. Thus, a personalised PA guidance 
system is beneficial in helping teenagers maintain the recommended level of moderate- to 
vigorous-intensity. 

Research indicates that in group PA, individuals’ varying physical fitness status can 
challenge teenagers’ motivation and affect their enjoyment and social engagement [386]. In 
the human-computer interaction (HCI) domain, heart rate (HR) data is often applied to 
measure an individual’s exercise intensity during PA [97, 241]. With the popularity of fitness 
tracking devices, HR data has become more accessible and is being explored to adapt the 
difficulty levels of fitness games to individual teenagers aged 10 to 14 years [205, 217, 324]. 
However, fitness tracking devices and HR data are rarely used in the context of physical 
education (PE), as the study indicated in Chapter 4.  

In addition to developing physical competence, teaching physical literacy [378] to students 
is also an important educational goal in PE. Thus, knowledge of physiological indicators 
related to PA, such as HR data, can help teenagers achieve recommended levels of PA 
intensity, recognise their physical fitness status, and guide their lifelong fitness and well-
being [222]. Based on this evidence, we argue that HR data can be utilised in PE, however, 
the appropriate approach for utilising HR data in this context require further exploration.  

As discussed in Chapters 1 and 4, the integration of PA technology into PE needs to be 
customised to meet the specific needs of teenage users, while also aligning with the 
pedagogical objectives of PE, which address enjoyment, social engagement, and physical 
competence. We intend to develop a digitally augmented feedback (DAF) system based on 
HR data and envisage that such intervention can be appropriately crafted to assist PE by 
increasing teenage students’ enjoyment of being physically active, promoting social 
engagement in PA with peers of varying physical fitness status, and enhancing physical 
competence in regulating individuals’ PA intensity at the recommended levels.  

This study explored integrating HR data into PE, focusing on teenage students’ unique needs 
regarding enjoyment experiences, social engagement, and physical competence. We first 
presented the design of FitBirds, a fitness game that represents the HR data of a group of 
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teenage students through anonymous birds in a game scenario. FitBirds serves as a research 
probe to investigate the potential effects of DAF systems on the overall experiences of 
teenage students. To achieve this, we conducted a three-week within-subject repeated-
measure evaluation study in a secondary school PE context with 36 teenage students (in nine 
groups of equal size) and two PE teachers. Through a mixed method field evaluation, we 
compared teenage students’ experiences of doing aerobics in three conditions, namely: with 
a video tutorial (VT), with competition (COMP) and cooperation (COOP) mode of the 
FitBirds game. This chapter addresses the research goals of: 

1) Evaluating the effects of FitBirds as an example of DAF systems on teenage students’ 
enjoyment experience, social engagement, and physical competence.  

2) Exploring the potential values of implementing DAF systems in the PE context. 

5.2 Related Work 

5.2.1 Effects of Heart Rate Measurements in Physical Activity 
Intervention 

HR data can be used to adapt the difficulty level in fitness games to engage players in a flow 
state of both their physical and gameplay performances. For instance, Plunder Planet [217], 
Designable Sports Field [324], Pulse Masters Biathlon [264], and Boxercise [237] are 
adaptive fitness games that adjust the difficulty level of the game, and the amount of PA 
needed to adhere to the target HR zone of the player. Additionally, HR data can also be used 
as a mediator in multi-player fitness games to balance the gameplay between players with 
different fitness statuses. For instance, Jogging Over a Distance provides a balanced exertion 
experience between two remotely located joggers by representing their HR value through 
spatialised sound [261]. The Open Heart Helmet explored the social interplay experience 
between pairs of cyclists by displaying individual’s HR on the back of a bicycle helmet [393]. 
The Heart Burn game implemented a HR scaling mechanism within a truck racing game to 
support competition between players who have disparate abilities [347]. These intervention 
examples show the potential of HR data to mediate the individualised amount of PA and 
difficulty levels of fitness games, as well as to balance social engagement among players 
with varying fitness statuses. Therefore, we infer that incorporating HR feedback into the PE 
curriculum can provide personalised and meaningful feedback to improve physical 



 122 

competence and foster social engagement among teenage students with varying fitness 
statuses in PA. 

5.2.2 Representing Physical Activity Data in Game Scenarios  

Many design researchers have investigated the use of virtual avatars and game scenarios to 
represent PA data, particularly for school-age students, with the aim of increasing their 
interest in participating in PA. For instance, the American Horsepower Challenge [293] uses 
PA data for a horse racing game scenario, where each student has a customisable cartoon 
horse controlled by the number of steps the student take. Schäfer et al. provided personalised 
feedback on children’s PA levels through two cartoon figures [329]. The FitBit Garden 
illustrates a virtual garden environment with virtual plant avatars representing children’s 
increased PA [139]. These research results show the advantages of gamification in improving 
children’s PA participation and the possibility of anonymously representing PA data through 
virtual avatars. Therefore, we are inspired to represent HR data in an appealing game scenario 
approach to enhance teenage students’ enjoyment during PA. 

5.3 Design of Fitbirds 

FitBirds is a fitness game that integrates real-time HR data from players into game control 
(see Figures 5.1 to 5.4). It captures players’ HR data through HR armband sensors and 
represents changes in the data into bird avatars of different heights on a large screen (specific 
device models will be introduced in Section 5.4.1). The interface of the FitBirds game 
indicates five levels of physical intensity: resting, light intensity, moderate intensity, 
vigorous intensity, and strenuous intensity. Through playing the FitBirds fitness game in the 
PE class, teenage students could learn to regulate a recommended moderate- to vigorous-
intensity PA by adjusting the duration, speed, frequency, and type of aerobic activities.  

The story of Icarus [158] in Greek mythology inspires the FitBirds game scenario. Using 
this well-known story aims to help teenage students better understand the game rules and 
become immersed in the gameplay. The birds start from sea level (resting) during the 
gameplay and fly into the white cloud (light intensity). Teenage students are encouraged to 
keep the birds flying within the two layers of blue clouds (moderate- to vigorous-intensity), 
which is the goal of the game. They should also avoid flying too low, which could cause 
them to drop into the sea (resting), or too high, which could result in being burned by the sun 
(strenuous intensity).  
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Figure 5.1. The configuration of the FitBirds system. The system comprises four HR sensors, a 
laptop, and a screen. 

5.3.1 Design Features  

We expect this DAF system design to address the following considerations. How can HR 
data be represented in an appealing way to enrich teenage students’ enjoyment during PA? 
How can social engagement be enhanced among teenage students with varying fitness 
statuses? Furthermore, how can physiological data be represented in a meaningful way to 
improve physical competence while also addressing concerns about personal privacy? The 
corresponding design features of FitBirds are summarised and presented below. 
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Figure 5.2. The login interface of the FitBirds game. The game uses the input of age and resting 

HR to calibrate a tailored intensity recommendation. After logging in, users can choose the 
competition or cooperation mode to start the game. 

 
Figure 5.3. FitBirds in competition and cooperation modes. The game interface and its 

corresponding intensity levels, the game mechanism, visual feedback, and the game points. 

 

Figure 5.4. The FitBirds scoreboard in the competition and cooperation modes. 

FitBirds utilises a game scenario to elicit teenage students’ interests and presents 
anonymous real-time HR data. The recommended level of moderate- to vigorous-intensity 
is visualised as “safe zone” for birds to fly. As shown in Figure 5.3, each teenage student is 
represented by a bird avatar of different colours, and the change in their HR controls the 
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height of the birds in real time. The direction of the shadow of the bird indicates the rise or 
fall of the current HR compared to the previous data. The light blue and blue clouds represent 
flying “safe zone”, where the bird stays for five seconds and will be rewarded with points. 
Besides, if the birds fly too high, the sun will burn them (warning). If the birds fly too low, 
they will drop into the sea (punishment). Only co-players are informed about their birds 
thereby protecting students’ data privacy in collective PE classes. PE teachers and other 
teenage students can observe the overall performance of the class.  

FitBirds provides two game modes to enrich the social interaction patterns with co-
players. In addition to the competition mode, we also addressed the potential of FitBirds to 
facilitate team collaboration (see Figure 5.3). In this cooperation mode, a team has a flock of 
birds, where the total height of the flock of birds represents the average HR of the team as a 
collaborative result. Within the flock, the different heights of each bird indicate the HR rank 
among the teams. This cooperation mode encourages team members to be aware of each 
other’s fitness status and negotiate a game strategy. 

FitBirds intends to equalise the contribution of teenage students with different physical 
abilities and fitness statuses. Teenage students with different physical abilities and fitness 
statuses often find participating in the same intensity of PA challenging. FitBirds measures 
HR to indicate the physical intensity of teenage students. During PA, changes in HR are 
related to the fitness status of the individual. To achieve a similar change in HR, those with 
a stronger physical ability need to do more amount of PA than teenage students with a weaker 
ability. Therefore, the HR-mediated game could adjust the difficulty for players with 
different fitness statuses.  

5.3.2 Implementation of FitBirds 

Personalised fitness intensity calibration. The FitBirds game is programmed and run using 
Processing software [299] on a laptop. Once the real-time HR data from the players are 
received wirelessly over Bluetooth Low Energy, the HR data is calibrated using the 
Karvonen formula [175] at a frequency of approximately every five seconds. More 
specifically, the PA intensity level of each teenage student is estimated by mapping their HR 
in real time to a personalised HR range, calibrated by the age and resting HR of the player 
(see Figure 5.2). This Karvonen formula has been applied in several developments of fitness 
games [237, 324, 347] and calculates the target HR as follows: 

Target HR = ((HR max – HR resting) × % intensity) + HR resting 
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The maximum HR of individuals is determined by 220 minus their age [13]. Moreover, the 
resting HR is equivalent to the individual HR in resting state. Despite the targeted moderate- 
to vigorous-intensity, light and strenuous intensity are also calibrated in this game. Here, we 
define the percentage of intensity index between a player’s maximal and resting HR as 
follows: 0% - 25% light intensity; 25% - 50% moderate intensity; 50% - 75% vigorous 
intensity; 75% - 100% strenuous intensity.  

Scoring mechanics. In this game, we do not directly compare the HR value of different 
players to score their performance. Instead, the scoreboard in the top left corner of the game 
interface (see Figure 5.3) is updated approximately every five seconds based on the different 
intensity levels each participant currently has. For instance, participants will gain two and 
four points if they maintain the recommended moderate- to vigorous-intensity levels every 
five seconds. In contrast, they will earn zero points for a stay at the light intensity level and 
lose 0.5 points if they reach the strenuous intensity level. The player at a resting level will 
lose 1 point because this fitness game aims to encourage more amount of PA. These points 
are visualised as hearts or flames in the game interface by flashing during gain or loss points. 
In cooperation mode, the team score is based on the average performance of all team 
members (see Figures 5.3 and 5.4). 

5.4 The Study Method 

The study aims to investigate how digitally augmented HR feedback could influence teenage 
students’ experiences in terms of enjoyment, social engagement, and physical competence 
through two FitBirds game modes in the PE context. 

We used a within-subject repeated-measure study design, with 36 participants of teenage 

students performing 10 minutes of aerobics for three sessions. The first session was a baseline 

guided by a pre-recorded aerobic VT. The second and third intervention sessions were 

counterbalanced using two FitBirds game modes, COOP and COMP. During three sessions, 

qualitative (i.e., interviews, observations) and quantitative data (i.e., questionnaires, 

performance logs) were collected in parallel and independently analysed to look for patterns 

and contradictions. With these combined data, we compared the baseline VT condition with 

two intervention conditions (COOP and COMP) to develop an understanding of the 

following three research questions.  
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1) How and to what extent do FitBirds enrich teenage students’ enjoyment experiences of 
aerobics? 

2) How and to what extent do different FitBirds game modes enhance teenage students’ 
social engagement? 

3) How and to what extent do FitBirds improve teenage students’ physical competence in 
regulating PA intensity? 

 
Figure 5.5. The original layout of the school gymnasium (top) and the rearranged layout for 

conducting the FitBirds study (bottom). 
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5.4.1 Study Setup 

The study was conducted in the indoor gymnasium of the Heerbeeck College in Best, the 
Netherlands, which was used as the ordinary teaching area for the PE curriculum. One-third 
of the gym space was semi-enclosed by upright gym mats to keep participants’ activity 
separate from the PE class (see Figure 5.5). All field study procedures were conducted under 
the supervision of PE teachers during the three-week study. The arrangement in the 
gymnasium was set half an hour before each class started. A 55-inch TV screen (LG UHD 
TV) was mounted on the wall of the gymnasium. The Processing software [299] for the 
FitBirds game was installed on a 15-inch laptop (Macbook Pro) beside the screen and 
connected with an HDMI cable. Two researchers placed HR sensors (Rhythm 24 [309]) on 
each teenage student’s left arm. When FitBirds software is running, its graphical interface 
with visual feedback on teenage students’ HR is displayed on the screen. An action camera 
(GoPro HERO8) was placed next to the screen to record the teenage students’ participation 
in the FitBirds game (see Figure 5.5). These participation videos served as supplementary 
materials for later post-study interviews with PE teachers. 

5.4.2 Participants 

Thirty-six teenage students (19 males, 17 females) and two PE teachers (two males) were 
recruited from three different classes. Before recruiting participants, the Ethical Review 
Board of the Eindhoven University of Technology thoroughly examined the study details 
(reference number: ERB2020ID3). We then spread the study information through word of 
mouth to fully employed secondary PE teachers in the Netherlands. After two PE teachers 
from Heerbeeck College responded with their interest in involving their PE classes in this 
study, we submitted all related documents to their school board. We got approval to conduct 
the three-week field study. The secondary school board, PE teachers, teenage students, and 
their legal guardians were fully informed about the study procedures, and participants had 
the freedom to withdraw at any time. Teenage students aged 11 to 14 who voluntarily 
participated in the study and had permission from their parents or guardians were selected. 
Teenage students who might find it risky to perform aerobics are excluded (e.g., teenage 
students with physical complaints or discomfort taking exercise). After completion of the 
study, each teenage student received a small sport-related gift worth approximately €2 (i.e., 
jumping ropes, sports towels, and bags), and each participating class was compensated with 
a €120 Decathlon gift voucher to purchase sports supplies for the PE curriculum. 
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Teenage student participants were asked to independently complete a pre-questionnaire. 
Questions include their gender, age, attitude towards PE (like, neutral, dislike), level of 
fitness among classmates (above average, average, below average), and frequency of leisure-
time PA participation (daily, weekly, monthly, rarely). The general information of teenage 
student participants is presented in Table 5.1. Subsequently, the HR of each teenage student 
in resting state (M = 85.8, SD = 10.4) was measured twice and the average result was entered 
into Fitbirds along with age data to calibrate their personalised physical intensity levels (i.e., 
resting, light, moderate, vigorous, strenuous). 

Table 5.1. General information for teenage student participants. 

Demographics Sub-categories N=36 

Gender Male 19 
Female 17 

Age 
11 years old 2 
12 years old 14 
13 years old 20 

Attitude towards 
PE 

Like 31 
Neutral 5 
Dislike 0 

Level of fitness 
among classmates 

Above average 12 
Average 24 

Below average 0 

Frequency of 
leisure-time PA 

Daily 27 
Weekly 8 
Monthly 0 
Rarely 1 

5.4.3 Procedures 

The study was conducted for three weeks with nine groups of four teenage students in three 
classes. The regular PE class was taught twice a week, and one session was conducted in 
with each group of teenage students did 10 minutes of aerobics during their PE class.  

Table 5.2. Grouping of participants in each class. 

Participants Class 1 Class 2 Class 3 
Two PE Teachers T1 T2 

36 Teenage Students Group A1-A4, 
Group B1-B4, 
Group C1-C4. 

Group D1-D4, 
Group E1-E4, 
Group F1-F4. 

Group G1-G4, 
Group H1-H4, 
Group I1-I4. 

Dropout Teenage Students COMP-B1 N/A COOP-G1, COOP-I3 

With the help of two PE teachers (T1 and T2), the 12 teenage students in each class were 
divided into three groups balanced in age, gender, and fitness level (see Table 5.2). Thus, 36 
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participants were divided into nine groups (Group A to Group I). Teenage students in each 
group were kept constant throughout the three sessions to minimise possible confounding 
factor of group differences. For each class, the order of participation among the three groups 
was also counterbalanced in the three sessions. The study was conducted when at least three 
participants were available in each group. When a participant dropped out of a group, a 
replacement with the same age, gender, and fitness level was found to minimise the impact 
on the remaining participants. Eventually, during the third week, two participants dropped 
out of COOP and one of COMP. Replacements’ data were excluded from data analysis to 
maintain the consistency, reliability, and avoiding bias of the study’s results. 

 

Figure 5.6. 10-minute aerobic video tutorial demonstrated by the PE teacher. 

Before conducting the field study, two PE teachers selected ten aerobics for teenage students 
to perform while playing FitBirds that were developmentally appropriate for teenagers and 
of moderate- to vigorous-intensity. We then video recorded a 10-minute aerobics tutorial in 
the school gym, with T2 demonstrating ten aerobic activities for around one minute each. 
The ten aerobic activities are jumping jack, punching, high knees, lunges, squats, cross arms 
and legs, heels up, toe jumps, skating, jump back and forth. As per usual teaching practice, 
the PE teacher demonstrated each activity for the students through verbal explanation and 

body movements in the tutorial video (see Figure 5.6). The recorded tutorial video was used 

during the first baseline session and serves these purposes: 1) to teach teenage students the 
appropriate aerobics to perform when playing the FitBirds game; 2) to play a transitional role 
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for teenage students between receiving the regular live coaching from the PE teacher and the 
DAF system of the FitBirds game; 3) to restore the similar PE experience for the teenage 
students through the familiar PE teacher and the gym context presented in the tutorial video.  

In the first session, we ran a baseline test in which teenage students completed ten aerobics 
guided by the recorded tutorial video. For the two follow-up intervention sessions, the 
teenage students were free to perform the aerobics they had previously learned, along with 
feedback from one of the FitBirds game modes. At the beginning of each session, two 
researchers placed HR sensors on the same part of each teenage student’s left arm. Then, a 
numbered participant sticker with the corresponding colour of a bird was stuck to the teenage 
student’s sports shirt. In this way, teenage students in the same group could tell which bird 
was represented by whom and their privacy remained.  

After completing aerobics in each session, the teenage students completed a set of 
questionnaires independently. A participant number sticker was labelled on each set of 
questionnaires to ensure that teenage students’ responses would remain anonymous and 
confidential. Two researchers distributed and collected the questionnaire set and ensured that 
any questions and confusion from teenage students would be clarified. At the end of the 
second and third sessions, a researcher interviewed each group of teenage students. After 
completing three study sessions, we conducted one-on-one interviews with two PE teachers.  

5.4.4 Measures 

This field study collected qualitative and quantitative data on teenage students’ enjoyment 
experiences, social engagement, and physical competence under three conditions using 
several measures (see Table 5.3).  

5.4.4.1 Questionnaires 

We implemented four self-report questionnaires to assess teenage students’ enjoyment, social 
presence, perceived exertion, and learning competence in aerobics. The questionnaire set, 
with a total of 38 questions, took around five minutes on average for each teenage student to 
complete independently.  

Teenage students’ enjoyment experiences are measured by the Physical Activity Enjoyment 
Scale (PACES) [179]. This questionnaire consists of 16 statement items beginning with the 
stem “When I am physically active ...” with a five-point Likert-type scale of 1 (Disagree a 
lot) to 5 (Agree a lot). Six out of the 16 negatively phrased items were reverse scored so that 
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all variables were consistent. Subsequently, the 16 items were averaged to provide a single 
score, with a low score indicating low enjoyment in PA. PACES has been validated with 
female teenagers [254] and elementary school children [251]. In the Netherlands, researchers 
applied PACES in studies such as children’s daily PA [306] and teenagers’ performance in 
PE curriculum [369].  

We use the Social Presence in Gaming Questionnaire (SPGQ) to assess teenage students’ 
social engagement while doing aerobics with the FitBirds game. This questionnaire contains 
17 items on three subscales: Empathy, Negative feelings, and Behavioural engagement. 
Participants responded to each item on a five-point unipolar intensity-based answer scale 
with points anchored at 0 (not at all) to 4 (extremely). The scores for each subscale are 
calculated as the average of all the items on their scales. The SPGQ was developed to probe 
players’ perception of social involvement with their peers in digital gaming [197]. Besides 
using SPGQ for adult social video game research [117], it has also been applied to social 
exertion games for teenagers [217]. 

Table 5.3. Data collected from the study. 

Measurements 
Baseline: 

VT 
Interventions: 

FitBirds COOP or COMP  Post-Study 
Condition 1 Condition 2 Condition 3 

Enjoyment Experiences 
PACES Questionnaire √ √ √  
Social Engagement 
SPGQ Questionnaire √ √ √  
Physical Competence 
Borg RPE Questionnaire √ √ √ 

 HR Data and Game Points 
of Individuals √ √ √ 

PCS-L Questionnaire √ √ √ 
Overall Experiences 
Group Interview with 
Teenage Students  √ √  

Participation Video of 
Teenage Students √ √ √  

One-on-one Interview 
with PE Teacher  √ 

We evaluated the perceived physical exertion of teenage students using the Borg rating of 
perceived exertion scale (Borg RPE). This single item scale was developed to subjectively 
estimate exercise intensity [50]. We selected the simplified Borg CR10 ratio scaling method, 
which ranges from 0 (no exertion at all) to 10 (maximal exertion) [405], considering the ease 
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of understanding of teenage students. Researchers have deployed Borg RPE in the HCI 
domain to acquire teenagers’ subjective exertion while playing exergame in the classroom 
[119, 397]. 

We used the Perceived Competence Scale for Learning (PCS-L) [289] to assess teenage 
students’ feelings of physical competence in participating in aerobics. PCS-L is a four-item 
questionnaire with a seven-point Likert-type scale ranging from 1 (not at all true) to 7 (very 
true), and average ratings on all four items computed the score. The questionnaire was 
designed to examine participants’ self-rated competence in mastery of learning content. For 
instance, Williams et al. used PCS-L for medical students to rate their competence in patient-
interviewing skills [403]. Moreover, this questionnaire has also been used to examine 
perceived competence among undergraduates in applied music [379], students in the English 
for Specific Purposes course [279], and trainee teachers for the Diploma in Basic Education 
[342].  

5.4.4.2 Performance Logs 

During three study sessions, each teenage student’s HR data set and the corresponding game 
points were automatically stored in the FitBirds software at a frequency of approximately 
every five seconds. These players’ performance log data contributed to the evaluation of 
physical competence in intensity regulation. 

5.4.4.3 Participation Videos  

The whole participation process of the teenage students playing each mode of the FitBirds 
game was recorded on video. The FitBirds game interface was also screen-recorded during 
the participation process. These participation videos served as supplementary material during 
interviews with PE teachers and a reference for researchers to recall teenage students’ 
performance in each study condition. Therefore, no further statistical analysis was conducted. 

5.4.4.4 Semi-structured Interviews 

To collect qualitative data on teenage students’ experiences in each mode of the FitBirds 
game, we conducted a semi-structured interview with teenage students on a group-scale. 
After 10 minutes of aerobics with FitBirds, the teenage students’ group was asked to orally 
report their overall experiences and perceptions of three main topics: enjoyment, social 
engagement, and physical competence. On average, each group took around five minutes to 
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respond to the three main topics. All the group interviews were audio and video recorded and 
transcribed for further analysis. 

Semi-structured one-on-one interviews were conducted with two PE teachers to evaluate the 
FitBirds game from an educational perspective. First, we played some participation video 
clips of their students playing the FitBirds game (see Figure 5.7) and asked the PE teachers 
to observe teenage students’ behaviours in different game modes. Each PE teacher was then 
interviewed for approximately 30 minutes to comment on how they observed their students’ 
performances in the FitBirds game and the potential to implement the DAF systems into their 
PE curriculum. All interviews were audio-recorded and transcribed for further analysis.  

 

 
Figure 5.7. Video clips of teenage students playing the FitBirds game. 

5.4.5 Data Analysis 

5.4.5.1 Quantitative Data 

We compare the quantitative data measured in three conditions (VT, COOP, COMP) related 
to enjoyment, social engagement, and physical competence. Our primary hypotheses for 
statistical comparisons are as follows. 

H1: Compared to the baseline VT condition, both FitBirds modes (COOP and COMP) will 
enrich teenage students’ enjoyment experiences in aerobics.  
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H2: Compared to the baseline VT condition, the COOP mode of FitBirds will better enhance 
teenage students’ social engagement than the COMP mode in aerobics. 

H3: Compared to the baseline VT condition, the COMP mode of FitBirds will be more 
effective than the COOP mode in improving teenage students’ physical competence in 
aerobics. 

Questionnaires 

All questionnaire responses were analysed using IBM SPSS Statistics 27 software. We 
ran descriptive statistics to summarise the data and checked the distribution of all data using 
a Shapiro–Wilk test. We first performed repeated measures ANOVA with conditions (VT, 
COOP, COMP) as a factor for data sets normally distributed across three conditions. When 
the assumption of sphericity was violated, corrections were applied to the degrees of freedom. 
When the ANOVA result was significant among three conditions, we performed paired T-
tests to further compare which condition was statistically significantly different. For data sets 
that were not normally distributed across three conditions, we first conducted non-parametric 
Friedman tests to measure the differences among the three conditions. When the Friedman 
test result was significant and the data set was not highly skewed, we conducted non-
parametric Wilcoxon signed-rank tests to identify further which condition differed 
significantly. All statistical tests determined the significance level as a p-value < 0.05. 

Performance Logs 

According to the Karvonen formula [175] and the teenage students’ age and the resting HR, 
we convert the stored HR data arrays into seconds that individuals spend at different intensity 
levels. Then we analysed the difference in physical intensity regulation across three 
conditions by statistically comparing the average duration of the recommended intensity 
levels. The statistical comparison procedures were the same as described in the questionnaire 
section. 

The game points individuals have gained across three conditions are calculated based on the 
FitBirds game mechanics. Then we present the results of descriptive statistics with a mean 
and standard deviation of game points categorised by intensity level. 

5.4.5.2 Qualitative Data 

All interview transcripts were analysed according to thematic analysis [53]. The coding 
process was completed using MAXQDA 2020 software. The analysis procedures of the 33 
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transcripts of teenage students were carried out by the author in three steps. In the first step, 
all transcribed data sets were clustered to follow the three topics of enjoyment experiences, 
social engagement, and physical competence. The second step involved three iterations of 
deductive-inductive processes, in which 146 initial quotes were extracted and collated under 
the three topics with ten main themes and 25 subthemes. In the third step, another researcher 
performed as a second coder to review all the coded themes and their corresponding quotes. 
Four quotes were re-collated for corrections to reach agreement between the two coders. The 
analysis procedures of the transcripts of two PE teachers interviewed were the same as 
described above.  

5.5 Results 

 
Figure 5.8. The median (Mdn) and interquartile range (IQR) of the PACES measures under 

three conditions (* refers to the p-value < 0.05). 

Qualitative and quantitative data collected under three conditions (VT, COOP, COMP) of the 
study were evaluated to explore the potential effects of digitally augmented HR feedback on 
teenage students’ enjoyment experiences, social engagement, and physical competence in 
the PE context. Moreover, the results revealed rich insights into how the FitBirds game could 
facilitate PE and how the DAF system can be properly integrated into the PE context from 
PE teachers’ perspective. The detailed findings of the study are presented as follows.  
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5.5.1 Enjoyment Experience 

5.5.1.1 Physical Activity Enjoyment Scale (PACES) 

As seen in Figure 5.8, the teenage students rated their enjoyment of aerobics with reasonably 
high scores under three conditions (VT, COOP, and COMP). To compare the differences 
between the three conditions, we performed a non-parametric Friedman test, and the result 
showed a significant difference (χ2(2) = 7.317, p = 0.026) in the scores of PA enjoyment. 
Further pairwise comparisons between three conditions were performed using three 
Wilcoxon signed-rank tests. The test results revealed that the enjoyment score in COOP (Mdn 
= 4.63) was statistically significantly higher than in VT (Mdn = 4.44), with Z = -2.276, p = 
0.023. No statistical differences were found in the enjoyment score between COMP (Mdn = 
4.50) and COOP, with Z = -1.537, p = 0.124, neither between COMP nor VT, with Z = -
1.884, p = 0.060. 

5.5.1.2 Interview of Enjoyment Experiences 

Typical Attractiveness in FitBirds COOP and COMP Modes 

Among 33 teenage students who fully participated in three sessions, 13 preferred the COOP 
mode of FitBirds, 17 preferred the COMP mode of FitBirds, and three liked to play both 
modes. Teenage students described both COOP and COMP modes of the FitBirds game with 
recurring terms as “funny, quite interesting, nice, liked it, enjoyed, and motivated”. Here are 
three typical attractiveness that occurred in two modes of the FitBirds game:  

Enjoyed keeping active and gaming simultaneously. Seven teenage students said that they 
enjoyed staying active and having fun in the FitBirds game. For instance, two stated that this 
fitness game provides a fun way to be active, “I liked it. Because with those little birds, it is 
like playing sports in a fun way (COOP-G2)” and “It was fun to be active and play that game 
at the same time (COMP-D2)”. Moreover, another believed that having PA in a fun way 
helped reduce the feeling of fatigue, “Since you are busy looking at the birds, you do not 
really focus on the fact that you get tired (COOP-I4)”. 

Felt full of challenges in regulating physical intensity to win the game. Nine teenage 
students believed that the scoring mechanics of this fitness game brought them pleasure, 
which means that instead of simply paying their maximum physical effort, the game is more 
dependent on the player’s ability to regulate physical intensity at a recommended level. For 
example, I2 and B2 stated that the scoring mechanics were “funny” and “kept them busy” in 
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these quotes, “I thought it was funny that you had to get those points by getting your heart 
rate under control (COMP-I2)” and “You had to make sure your bird did not go too high 
and not too low so that you were busy with that (COOP-B2)”. Meanwhile, the worry of bird 
falls brought a more challenging experience, described as “…and it was also a challenge 
because if your bird went down, then you had to move more again (COOP-A4)”.  

Encouraged by persuasive features of the game. Ten teenage students were motivated to 
be more physically active by persuasive game features, including clear game goals, 
incentivised score mechanisms, and appealing game roles. They specified that “a clear 
goal”, “gain points”, and “the little birdie” are persuasive game features that emerged in 
both game modes. For instance, a clear goal could instruct players in the direction of their 
efforts, “Here you had more of a goal, then you have to achieve something (COMP-B2)”. 
The game points could provide instant positive feedback on players’ effort: “…gaining as 
many points as possible, making it more fun (COOP-D4)”. Since the bird avatars represented 
players in the game world, players would gain empathy for the state of their birds: “Well, I 
like the little birdie the most, that you have to move to keep your birdie upright (COOP-B4)”. 

Positive and negative experiences in FitBirds COOP 

In addition to the three typical attractiveness mentioned above, each FitBirds game mode 
brought some distinctive experiences. The main descriptions in COOP mode were as 
follows: work together, achieve a goal together, laugh, or celebrate together. We then 
summarised two reasons for teenage students’ preference for COOP.  

First, nine teenage students expressed that they enjoyed the COOP mode because of the 
experiences of togetherness. These teenage students liked to play fitness games together 
with their peers. As COOP-F4 stated, “It is more fun to play with several people. I think if 
you do this game on your own, it’s not very fun”, and COOP-C1 said, “because we 
were working a lot together and also interacting with each other all the time”. 

Second, nine teenage students indicated that the COOP mode brought shared experiences 
of team effort and pleasure. Six teenage students enjoyed that they could achieve a common 
goal with team efforts: “I like that we gave each other a little encouragement to achieve a 
goal together (COOP-B4).” Three other teenage students said they would like to share the 
pleasures of success and failure on the team. As COOP-I1 said, “Because now 
you actually won together, and then you can celebrate together that your team just got those 
points”, and COOP-B4 said, “You also laugh together when something goes wrong, like 



 139 

when you fly too high, you will say, ‘Oh no! Oh no!’. And that is funny. Then you 
start laughing about it with others”.  

In addition to those two positive COOP experiences, some negative ones were also addressed 
here. Two teenage students pointed out that the COOP mode lacks motivation for 
individuals. COOP-F1 believed that teamwork does not show individual success, “If you 
play together, then you cannot really win for yourself”. Moreover, COOP-F4 thought that 
the outcomes cannot be controlled by your own, “If you get a teammate who cannot do 
anything, and then you will lose, and then you think: aha-aha, thank you [in a sarcastic 
tone]!”.  

Additionally, a teenage student thought that the COOP mode lacked social comparison. The 
COOP game is less motivating because it is not known how the other teams are doing, “When 
you wanted to be as high as possible as a team, but then you felt less driven because you did 
not know what score the other teams had, and now in competition mode, you knew how the 
others go (COMP-C2).”  

Positive and negative experiences in FitBirds COMP 

In COMP mode, the main experiences were described as exciting, competitive, winning 
against others, exhausting, and passionate. Two positive experiences were summarised as 
follows.  

First, 12 teenage students believe that they enjoyed playing COMP because they were 
passionate about competition. As COMP-I2 said, “Racing was more exciting because we 
wanted to compete against each other very passionately”. Two of them further explained 
that they were happy to compete because they did better than others: “That you were happy 
all the time when you did well, and the others did not (COMP-B4).”  

Second, eight teenage students claimed that they were motivated to maximise an 
individual’s physical performance in COMP. As described by COMP-A4: “It was 
motivating. You could try to make your best effort because you want to get a higher score for 
yourself.” Four of them further explained that they performed harder because they liked to 
win against others, “I just wanted to beat others and I was busy moving around to get my 
bird up (COMP-G2).”  

On the contrary, the COMP mode of FitBirds also brought some negative experiences. A 
teenage student did not prefer COMP because only one winner could thoroughly enjoy the 
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success, “If you did it on your own, then only the one who had the most points would be 
happy (COOP-I1).” Another teenage student dislikes the thought of wishing others were 
worse than you, “When playing against each other, you just hope that they do not do well 
because you want to win (COOP-I2).”  

We also interviewed two PE teachers for their observations on student enjoyment. Both 
believed that teenage students liked to play the game and enjoyed the participation 
process. T1 said, “If I see the video clips, I think the students really liked the game 
[FitBirds].” T2 said, “I could see that they participated well and liked the game. Of course, 
children of that age are always interested in playing video games. This game [FitBirds] 
interested them, so they did their best work.” 

5.5.1.3 Summary 

We examined teenage students’ enjoyment experiences in three approaches: the self-rated 
enjoyment questionnaire, self-reported experiences in the group interview, and PE teachers’ 
observations. The statistical comparison between PACES responses under COOP and VT 
conditions partly confirmed our first hypothesis that the COOP mode of the FitBirds game 
could effectively increase teenage students’ enjoyment while doing aerobics. Meanwhile, 
although more teenage students preferred COMP than COOP, with a ratio of 17 to 13, the 
COMP condition does not show a significant impact on teenage students’ enjoyment than the 
VT condition. The interview results with the teenage students and the PE teachers concluded 
that the teenage students generally enjoyed the FitBirds game. Qualitative results also 
revealed three typical attractiveness in both game modes, with positive and negative 
experiences with each described game mode.  

5.5.2 Social Engagement  

5.5.2.1 Social Presence in the Gaming Questionnaire (SPGQ) 

Figure 5.9 shows the SPGQ scores with three subscales: Empathy, Negative Feelings, and 
Behavioural Engagement. As shown in Figure 5.9, teenage students positively experienced 
Empathy while performing aerobics under three conditions (VT, COOP, and COMP). 
Additionally, the ratings for all three conditions were low for Negative Feelings, which 
indicated that aerobics involves few negative psychological experiences for teenage students. 

For the Empathy subscale of the SPGQ, repeated measures ANOVA determined statistically 
significant differences between three conditions (F(2,31) = 4.896, P =0.014). Then, three 
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paired sample t-tests were used to make post hoc comparisons between conditions. The test 
results indicated that Empathy was significantly higher in the COOP scores (M=2.54, 
SD=0.64) than in VT (M=2.13, SD=0.67), with t(33) = -3.031, p = 0.005. Significance was 
also found in the COOP scores compared to COMP (M=2.29, SD=0.75), with t(32) = -
2.118, p = 0.042. No significant differences were found in the scores for the conditions of 
VT and COMP, with t(34) = -1.017, p = 0.316. 

 
Figure 5.9. Median (Mdn) and interquartile range (IQR) of SPGQ measures under three 

conditions (* refers to the p-value < 0.05, ** refers to the p-value < 0.01, *** refers to the p-
value < 0.001). 

For the Negative Feelings subscale of SPGQ, the result of a Friedman test does not show 
significant differences between the three conditions, with χ2(2) = 2.255, p = 0.324. Therefore, 
no further post hoc comparison was conducted. 

Regarding the Behavioural Engagement subscale of SPGQ, the Friedman test shows 
significant differences under three conditions, with χ2(2) = 15.488, p = 0.000. Three follow-
up Wilcoxon signed-rank tests showed that teenage students experienced significantly higher 
Behavioural Engagement scores in COOP (Mdn = 2) than in VT (Mdn = 1), with Z = -
4.304, p = 0.000, or than for COMP (Mdn = 1.67), with Z = -2.247, p = 0.025. The statistical 
difference was also higher in the COMP scores than in the VT scores, with Z = -3.016, p = 
0.003. 
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5.5.2.2 Interview of Social Engagement Experience  

When analysing the results of the group interviews of teenage students, four themes emerged 
with respect to social engagement experiences: emotional state, visual attention, verbal 
communication, and behaviour imitation. We found that the COOP and COMP modes of 
FitBirds brought some distinct social experiences during aerobics. 

Emotional state: sense of engagement versus tension atmosphere 

Three teenage students expressed that they experienced social engagement and 
connectedness with the team in COOP mode.  For instance, they mentioned terms like 
“connected”, “engaged”, and “a team feeling” in the quotes, “…also, the feeling that you 
are connected to each other and know what you want without actually talking about it 
(COOP-F3)”, “Because you are also engaged with others (COOP-G3)”, and “Here you 
really are together, so you have more team feeling (COOP-I1)”. 

While in the COMP, five teenage students were aware of more isolation and a tense 
atmosphere between each other. As can be seen in two quotes: “While against each other, 
there is more tension between each other (COMP-B3)” and “In this game mode, you are less 
dependent on the others. Now you really have to rely on yourself (COMP-C3).”  

Visual attention: collectively focused versus self-focused 

Five teenage students reported that they would continuously check team members’ 
performance in COOP. As can be seen, they “watch each other’s bird” and “pay attention 
to others” from two example quotes, “We looked at others more than if you were playing it 
alone because now you have to watch each other’s bird (COOP-B3).” and “When you play 
together, you are more likely to pay attention to other people (COOP-I2).”  

In contrast, four teenage students at COMP claimed that their focus was on personal 
performance. For instance, COMP-D4 stated, “I think we were quite busy with ourselves a 
lot. It was mainly about yourself.” Five other teenage students added that when they would 
take notice of others, they were attempting to compare their scores with others, “I looked 
at how many points they have and how much more than me (COMP-C4)” and “I pay the 
most attention to myself and the scores of others (COMP-F4).”  

Verbal communication: helping and supporting versus distracting and 
discouraging 
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Regarding verbal communication,19 teenage students described their conversations in 

COOP with positive purposes such as “helping”, “updating”, and “motivating each other”. 
Among them, ten teenage students focused on helping and supporting each other to 
perform better, “Just talked about helping to find ways to get a higher score (COOP-I2)” 
and “We talked much more because you have to coach others if they are not doing well, like 
going too high or too low. If they are doing well, you can say: rest a bit (COOP-G2).” 
Another seven teenage students were trying to keep others updated, “You are busy saying 
what you are going to do, etc (COOP-C3).” and “During talking, you also keep the condition 
of others up to date. So, you can play the game well (COOP-B4).” The other two teenage 
students were trying to motivate others, “With playing together, you want to talk to 
motivate the others more (COOP-H1).”  

Meanwhile, seven teenage students described that there were fewer communications in 
COMP mode. Two of them claimed that their conversations were to ask for suggestions 
from others, “I asked how to earn points in the best way (COMP-I2).” Four teenage students 
tried to distract others by talking, “I like to talk more because you want to distract others 
so that someone falls and loses the game (COMP-G2)”, or to discourage competitors, “You 
want them to gain the least points possible so that I will give them a little negative 
encouragement (COMP-H1).” The last teenage student tried to avoid talking and focused on 
regulating HR, “When you start talking, your heart rate changes. Once you notice that you 
would be more careful (COMP-C1).”  

Behaviour imitation: synchronised imitation versus individual imitation 

In COOP, four teenage students from the same group described how they coordinated with 
each other and gradually uniformed a particular movement together, “We worked together a 
lot like we were running around with each other as a circle. If we need to slow down, then 
we take turns to stand in the middle (COOP-F4).” In another group, one stated that team 
members’ movement would influence their movement, “I looked at what others do, suppose 
they are mostly running or jumping, then you may do that too (COOP-E2).”  

In COMP, however, imitation of effective movements from others was more related to an 
individual’s choice without communication. Only one described this behaviour in the quote, 
“Sometimes when you see another person doing a movement and his bird goes up very fast, 
I also imitate the same movement (COMP-B2).”  

Social behaviours observed by PE teachers  
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Two PE teachers observed social behaviours from their students’ participation videos, mostly 
shown in the COOP mode of FitBirds. Specifically, social behaviours related to the topics 
of verbal communication theme are listed as coaching and helping each other, as “they 
coached each other for a while and helped each other (T2)”; communication and 
discussion, as “They discussed that they had to work a little more and talked a lot about 
doing more to get those birds up (T1).”; and complimenting and praising each other, as 
“one compliments someone else when he gets his bird up (T2).”  

Additionally, imitation of others’ movements was observed in COMP mode, aligning with 
the behaviour imitation theme. As T1 said, “I also see that a role model appeared in COMP. 
Because a student was sprinting back and forth, another one suddenly copied him and started 
sprinting.” 

5.5.2.3 Summary 

The results of SPGQ suggest that the COOP mode of the FitBirds game significantly 
enhances teenage students’ social engagement in aerobics, specifically in terms of Empathy 
and Behavioural Engagement, compared to the VT and COMP conditions. This finding 
confirmed our second hypothesis that the COOP mode of FitBirds would better enhance 
teenage students’ social engagement than the COMP mode in aerobic activities. Surprisingly, 
although the COMP mode of FitBirds requires fewer social interactions to achieve the game 
goal, a significant impact on Behavioural Engagement was also found compared to the VT 
condition. Moreover, our qualitative findings from interviewed teenage students and PE 
teachers further elaborated the distinct experiences towards emerged social behaviours in 
each game mode: emotional state, visual attention, verbal communication, and behaviour 
imitation.  

5.5.3 Physical Competence 

We examined teenage students’ self-perceived and actual physical competence by looking at 
their perceived exertion (Borg RPE) and physical intensity during participation. Perceived 
competence for learning scale (PCS-L) and oral-reported physical performance were also 
analysed to illustrate how each FitBirds mode could facilitate teenage students’ ability to 
regulate HR. 
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5.5.3.1 Borg Rating of Perceived Exertion Scale (Borg RPE) 

 
Figure 5.10. Median (Mdn) and interquartile range (IQR) of the Borg RPE measures under 

three conditions. 

Figure 5.10 shows the results of the Borg RPE survey. Generally, the perceived exertion of 
teenage students doing aerobics was of moderate intensity in three conditions. According to 
the result of the Friedman test, there were no significant difference (χ2(2) = 1.802, p = 0.406) 
in perceived exertion among the three conditions.  

5.5.3.2 Physical Intensity Distribution 

Table 5.4. The game points the participants gained (scored individually) in each intensity level 
under three conditions. 

Scoring mechanics 
for each intensity 
level (per 5 seconds) 

VT 
(N=36) 

COOP 
(N=34) 

COMP 
(N=35) 

Mean SD Mean SD Mean SD 
Strenuous: - 0.5 -8.9 11.3 -9.3 12.4 -7.5 7.9 
Vigorous: + 4 217.2 96.2 264 95.8 330.6 73.3 
Moderate: + 2 79.8 51.9 72.1 52.7 46.3 31.6 

Light: 0 0 0 0 0 0 0 
Rest: - 1 -0.9 2.5 -0.5 1.7 -0.3 1.3 

Total Points 287.2 82.1 326.3 90.9 369.1 67.1 

We looked at teenage students’ actual physical competence by examine two aspects of the 
data: the game points the participants gained and the duration they stayed in each intensity 
level among three conditions. All these personal data were stored as player performance logs 
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in the FitBirds game. Table 5.4 illustrates the role of scoring mechanics in promoting players’ 
physical competence. As can be seen, the points gained in the vigorous-intensity level under 
COOP and COMP conditions were increased, while the standard deviations were mostly 
decreased compared with the VT condition. Figure 5.11 presents the percentage of average 
duration distributed in different levels of physical intensity. The sum of moderate and 
vigorous intensity accounted for 71.4% to 80.2% of the total duration in the three conditions. 
Thus, aerobics performed under VT condition and two modes of the FitBirds game meet the 
expectation of reaching moderate- to vigorous-intensity. 

 
Figure 5.11. Percentage of duration of intensity levels under three conditions. 

We compared the duration in vigorous intensity under three conditions (see Figure 5.12 
(left)). A repeated measure ANOVA test shows statistically significant differences between 
the three conditions, with F(2,31) = 18.51, p = 0.000. The results of three post hoc 
comparisons (see Figure 5.12 (left)) through paired samples t-tests show that the duration of 
vigorous intensity in COMP (M=376, SD=83) is significantly higher than in VT (M=247, 
SD=109), with t(34) = -6.631, p = 0.000, also higher than in COOP (M=300, SD=109), with 
t(32) = -2.662, p = 0.012. No statistical differences were found between VT and COOP, with 
t(33) = -2.025, p = 0.051. 

The line chart of Figure 5.12 (right) shows the changes in vigorous intensity duration of 33 
teenage students who participated fully in three conditions. Encouraged by the highest points 
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(4 points for every 5 seconds) that could be gained in vigorous intensity, most participants 
showed an increased duration of vigorous intensity in COMP compared to COOP and 
baseline VT. 

   
Figure 5.12. Left: median (Mdn) and interquartile range (IQR) for the duration of vigorous 
intensity under three conditions (* refers to the p-value < 0.05, *** refers to the p-value < 

0.001). Right: the duration changes of vigorous intensity under three conditions. 

 
Figure 5.13. Left: median (Mdn) and interquartile range (IQR) for the duration of moderate 

intensity under three conditions (* refers to the p-value < 0.05, *** refers to the p-value < 
0.001). Right: the duration changes of moderate intensity under three conditions. 

A non-parametric Friedman test shows significant differences between the three conditions 
of moderate intensity duration (see Figure 5.13 (left)), with χ2(2) = 11.879, p = 0.003. The 
results of three follow-up Wilcoxon Signed-rank tests (see Figure 5.13 (left)) show that the 
duration of moderate intensity in COMP (Mdn=96) is significantly lower than in VT (Mdn = 
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134) and COOP (Mdn = 155), with Z = −3.660, p=0.000, and Z = −2.306, p = 0.021, 
respectively. No statistical differences were found between VT and COOP, with Z = 
−1.471, p = 0.141. 

Figure 5.13 (right) presented a line chat of moderate intensity duration changes for the 33 
teenage students under three conditions. In COMP, the moderate intensity durations of most 
participants were lower than in COOP and baseline VT. By combining the content of Figure 
5.12 and Figure 5.13, we can infer that the reduced durations in moderate intensity were 
transferred as the increased durations in vigorous intensity. 

5.5.3.3 Perceived Competence for Learning (PCS-L) 

 
Figure 5.14. Median (Mdn) and interquartile range (IQR) of the PCS-L measures for three 

conditions (* refers to the p-value < 0.05, ** refers to the p-value < 0.01). 

A non-parametric Friedman test was conducted to compare teenage students’ perceived 
competence under three conditions of aerobics (see Figure 5.14). The test results showed a 
statistically significant difference (χ2(2) = 9.245 p = 0.010) between the three conditions. 
Three follow-ups pairwise comparisons using Wilcoxon signed-rank tests showed that the 
PCS-L score in COOP (Mdn = 6) and in COMP (Mdn = 6.25) were statistically significantly 
higher than that in VT (Mdn = 5.75), with Z = -2.091, p = 0.037, and Z = -2.813, p = 0.005, 
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respectively. No statistical differences were found between COOP and COMP, with Z = -
1.256, p = 0. 209. 

5.5.3.4 Interview of Physical Competence 

Satisfaction with personal physical performance 

We interviewed teenage students about how they thought of their physical performance in 
the FitBirds game. The responses indicated that the teenage students in COOP mode were 
generally satisfied, whereas in COMP mode, the satisfaction varies. For instance, 21 teenage 
students responded “pretty good, very good, good, fine” to describe their performance in 
COOP mode. However, two of them were not sure to what extent their performance had 
contributed to the group’s achievements: “I also feel good, but it was together, so I cannot 
say it is 100 per cent for my own performance (COOP-C1).”  

On the contrary, apart from 14 teenage students who described their performance in COMP 
mode with positive terms, “proud of myself, pretty good / well / okay, went well, good”, 
seven teenage students also claimed that they “could have done better, not happy with it, 
(very) bad”. This feeling of frustration came to the teenage students because they lost their 
leading position in the game, “In the beginning, it went very well because I was in the first 
place, but then I was not [able to] go down anymore, and I became the last (COMP-F3).” 
and “I was above him [B4] at first (COMP-B2)”, “They caught up with me (COMP-E1)”.  

Perceived physical effort in two game modes 

After expressing their satisfaction with their performance, the teenage students further 
elaborated on the amount of physical effort they had dedicated to two game modes. In COOP 
mode, four teenage students believed it required less physical effort than in COMP. As 
described by COOP-A4, “For me it was the same as what A2 said, that you didn’t have to do 
too much to stay in the clouds.” and COOP-E1, “It wasn’t challenging, in terms of fitness”. 
Similarly, another five teenage students stated that the COMP motivated them to put more 
physical effort than in COOP. For instance, “The COMP mode motivates you because you 
really want to win against others, and then you get motivated to exercise more (COMP-H1).” 
and “I felt like you had to do more activities here [in COMP] than last time [in COOP], so 
I liked this more (COMP-A3).”  

We also asked PE teachers to observe teenage students’ motivation and physical performance 
in two game modes. T1 thought that COMP motivates students to be active due to the direct 
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feedback on personal performance, “It is much more obvious and clearer in COMP. You can 
see your bird goes up and down. So, it is direct feedback on how your aerobics can influence 
the game. But in COMP, as I understand it, the flock of birds stays right next to each other. 
So, it is not that clear in my belief, what can one do to increase the group intensity level?” 
Moreover, T1 also claimed that students may be keen on competitiveness due to the nature 
of their age range, “For young children or teenagers, a competition element always 
motivates them because they always want to do their best to score as many points as 
possible.” 

Meanwhile, T2 believes that students’ motivation varies because their personal preferences 
for competitiveness differ. This difference could be embraced by diversifying social 
interactions in the game rather than restricting everyone to the same option, “There are 
differences between our students. One always likes to win, and the other just prefers to 
participate. It is okay to have these differences because I don’t think they were motivated 
only within one game mode.”  

Understanding of the feedback on physical intensity 

We also asked teenage students what they thought of the feedback provided by Fitbirds to 
tell their real-time physical intensity. Their understanding of the content and scope of 
feedback they had received was stated below.  

Regarding the feedback content, teenage students show that they received general feedback 
in COOP, such as if adjustment in physical effort and activities was needed. For instance, 
two participants claimed that the game was able to indicate if more physical effort is needed, 
“It can tell you if you had to work harder (COOP-C4).” Moreover, another three participants 
stated that the game could tell which activity would increase their HR effectively: “I think 
it’s useful because you can see how fast it is going, and which activity makes your HR go 
faster (COOP-I4).” In the COMP mode, the participants felt more feedback on their 
personal physical condition and performance. Four teenage students thought that FitBirds 
could directly reflect their overall physical condition, the changes in HR, and their physical 
performance compared to others, as can be seen from these two quotes: “You can also see 
how your condition is if you have a very bad condition, you could not have kept up (COMP-
I1).” and “I found it pretty helpful because you can see a bit what your performance is and 
what your HR is compared to the game (COMP-F3).”  
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For the scope of the feedback, two teenage students thought that COOP reflected more on 
overall group performance, as they claimed, “You can see when your HR goes up, and you 
can see that of the group too, but you can’t really see it per person (COOP-C1).” and “When 
you work together, you don’t know if one person is working harder than the other (COOP-
C4).” Another one described COMP reflecting interpersonal differences, “I think it is helpful 
because you can see that there is a difference between individuals (COMP-C1).”  

5.5.3.5 Summary 

According to the rating of Borg RPE, teenage students’ perceived exertion was generally at 
a moderate intensity level during aerobics. Conversely, objective physiological data on the 
duration of intensity (see Figures 5.11 to 5.13) indicate teenage students met the 
recommended moderate- to vigorous-intensity level. More importantly, the COMP mode of 
the FitBirds game was statistically effective in regulating vigorous intensity while 
performing aerobic activities. The interview results also show that the teenage students 
believed that the COOP mode requires less physical effort, and the COMP mode motivated 
them to put in more amount of physical effort. These findings could support our third 
hypothesis that compared to the baseline VT condition, the FitBirds COMP mode improves 
teenage students’ physical competence more than the COOP mode in aerobics. 

Besides the actual and perceived physical competence, we also examined teenage students’ 
learning competence to understand physical intensity during PA. The rating of PSC-L shows 
that both the COOP and COMP modes of FitBirds significantly increase teenage students’ 
learning competence. The interview responses also indicated that the teenage students 
understood the content and scope of the feedback in each game mode. More specifically, in 
COOP mode, the feedback reflects on the overall group performance, and the teenage 
students received general feedback, such as if an adjustment to physical effort and activity 
was needed. In COMP mode, the feedback reflects interpersonal differences, and the teenage 
students sensed more feedback on their personal physical condition and performance. 

5.5.4. Remarks about the Digitally Augmented Feedback System 

To understand how to incorporate the DAF system in the PE context, we asked two PE 
teachers to elaborate on their remarks about FitBirds and the envisions of DAF systems. We 
then summarised their insights into two aspects: the applicability of the FitBirds game in PE 
and the compatibility of DAF systems on PE core values. 
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5.5.4.1 Applicability of FitBirds Game in PE 

Applicable to create engaging lessons to increase students’ interest in PA 

T1 explained that he would like to incorporate the FitBirds game into an optional program 
in PE, such as a fun lesson aimed at increasing students’ interest in PA. As T1 stated, “This 
can be a very fun game if you have an optional program in PE. For example, you could do 
this game in a fun lesson. Then we have several game options for the students to choose from, 
and after one round, they can switch the game with each other.” 

Applicable to incorporate a variety of PA into the PE curriculum 

Two PE teachers agreed that the FitBirds game could merge into a variety of PA in their PE 
lessons. More importantly, they highlighted different activities applicable to the COOP and 
COMP modes of FitBirds. 

FitBirds COMP is suitable for intense and competitive sports games. Sports games 

such as hockey, football, or indoor soccer are considered more appropriate for the FitBirds 
COMP mode. PE teachers elaborated because these sports games require intense physical 
effort and fierce competition, which matches the traits of the FitBirds COMP mode. T2 said: 
“Because in these types of sports, you have to do your best. Well, you need to stay active. 
And, of course, the more active you are, the higher the score you get.” Moreover, T1 believed 
that competitive sports games require less visual attention on the game interface because 
physical efforts are individually based, “Since it is more about yourself performance, so you 
do not have to look at the screen too many times. And at the end of the game, we will look at 
who did the best.”  

FitBirds COOP is suitable for PA that can be performed in a confined location. 
Aerobics such as cross-feet, push-ups, and sit-ups are the best suited PA for the COMP mode 
of FitBirds. As stated by T2, these repetitive movements take few cognitive loads to perform, 
allowing multitasking: “Because while doing those aerobics, you could look at the [game] 
screen and talk to each other at the same time. You will not mess up.” Meanwhile, T2 also 
suggested that the activity should be performed in a confined location, within the visible 
scope of the game interface, because the COOP game requires sustained visual attention to 
team players’ physical performance, “If you want to let the students do some PA with 
FitBirds COOP, it should be near the screen, because they have to look at the [game] screen 
repeatedly to observe how the birds react.”  
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Applicable to provide ambient feedback to facilitate students’ learning process in 
PA 

The PE teacher proposed unobtrusively integrating the FitBirds game into PE, implying a 
desire to utilise the game as ambient feedback to facilitate PA and to undermine the game 
mechanics of competing for points. As T1 said, “I think it will fit my daily PE classes if 
winning the FitBirds game is not the focus. If students focus only on scoring as many points 
as possible, they will miss the learning goals in various PA. I mean, the game can be placed 
just in the background, but sometimes we can look at the screen and check if there is a 
question. We can also look back to see how the students performed.” Meanwhile, T1 stated 
that the FitBirds game could be a learning tool for students to understand how their physical 
intensity and HR change during PA. Hence, further reflection on personal physical 
performance and consideration of self-improvement could be triggered. “…if you just do a 
regular PE lesson with FitBirds game, and afterwards you let students check their game 
points. Then, they could get insights on their physical performance, such as their intensity 
levels and the increase or decrease in their HR. Students will confirm whether the results are 
in line with their perceptions, or they may say, ‘Oh, it is not as intense as I expected. So next 
time, I want to be a bit more active in this and that way.’ Then FitBirds becomes a tool to 
better help students understand the main PE learning goals.” (T1) Additionally, T1 believes 
that the feedback in FitBirds could also raise students’ awareness of the differences in their 
physical intensity between different types of PA, “It will be helpful for students to think how 
their physical intensity changes in different PA. If you do gymnastics, your HR changes 
differently than if you are running. So, with gymnastics, you have more intervals, while in a 
running exercise, you have continuous HR.”  

5.5.4.2 Compatibility of DAF Systems on PE Values 

Regarding PE teachers’ considerations and criteria for implementing DAF systems in PE, 
they expressed that technology could be a medium compatible with the PE core values. 
Further, they expect the medium to convey PE core values to teenage students in a child-
friendly approach. More explicitly, DAF systems are expected to increase teenage students’ 
interest in PA, promote their social interactions, and encourage them to be physically active. 

Meeting the value of PE to increase teenage students’ interest in PA 

PE teachers indicated that their expectation of DAF systems is to increase teenage students’ 
interest in PA. In other words, enjoyable experiences and positive perceptions towards PA 
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are essential. For instance, T1 claimed students’ playfulness, motivation, and positive 
experiences in PA are his drivers for DAF systems: “If I need to decide which high-tech 
product to purchase for my PE lessons, I will think about if it is fun for my students, if they 
will be motivated to do something new, or if they could get positive experiences with PA.” 
T2 also emphasised that the attractiveness of technology such as FitBirds lies in the pleasure 
and joy it brings to PA: “Let us say FitBirds, I can see that students are happy to play it. 
That is definitely a positive thing about this kind of game or technology. It is more fun to 
watch the birds fly than to only see the numbers of your HR.” 

Meeting the value of PE to encourage teenage students’ social interactions 

Guiding and encouraging students to develop social skills in group activities is an important 
learning goal in PE. As stated by T2, the social interaction aspect influences his preference 
of DAF system, “…my decision is more dependent on the learning goals of the PE lessons. 
If you have social goals, then, of course, you will choose that FitBirds COOP game.” In 
addition, T2 also elaborated that in PE, social interactions often involve cooperation and 
teamwork, leadership roles in helping and coaching each other, and communication skills 
such as listening and talking appropriately to peers, which T2 believes FitBirds’ kind of DAF 
systems can contribute to, “I do think it is a very good game for cooperation. Students have 
to work together and interact with each other. And that is hard to learn for their age because 
those teenagers are a little bit egocentric. So, I would like them to negotiate how to play the 
game [FitBirds] by themselves.” 

Meeting the value of PE to promote teenage students to be physically active 

Underlined by T1, the fundamental value of PE is to motivate teenage students’ physically 
active lifestyles. Consequently, T1 values if DAF systems could promote PA participation 
and increase students’ fitness levels: “We hope once they leave school, they still remember 
that an active lifestyle is very important for their own physical and mental health. And health 
is probably the best, most precious possession they have. That’s the main value we would 
like students to understand.” Thus, to promote teenage students’ lifelong vitality, T1 believes 
that the form of PA could be diversified: “So, the mindset changes, one needs to play a sport 
to be physically active, which is not entirely true. In fact, they do not need to be in a certain 
sports club to stay fit. They just need to be physically active in whatever way.” In addition, 
T1 believes that the technology could allow teenage students to access PA in various forms 
and a higher chance of eliminating them stay sedentary: “And with this [FitBirds] game, 
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students should hopefully understand that there are also digital ways to stay physically active. 
So, I am really glad to see that these technology initiatives give more options to teenagers to 
prevent sedentary behaviour.” 

5.6 Discussion  

This chapter presented the design and evaluation of FitBirds, a fitness game that provides 
real-time DAF according to the changes in players’ HR. The game aims to help teenage 
students regulate PA intensity at a moderate- to vigorous-level in the PE context. A field 
study was conducted to investigate the impact of Fitbirds on enriching teenage students’ 
enjoyment experiences and social engagement, as well as the effectiveness in supporting the 
physical competence of PA intensity regulation. To achieve this, a baseline VT condition and 
two FitBirds playing modes, COOP and COMP, were used in a three-week within-subject 
study with 36 teenage students and two PE teachers. 

The FitBirds system enables rich interactivity in three ways. First, FitBirds encourages PA 
participation through an appealing on-screen game interface and persuasive game features. 
Second, Fitbirds facilitates social engagement for teenage students of different physical 
statuses by personalising their PA intensity and offering two social gaming modes for 
individuals with distinct competitiveness. Third, FitBirds promotes teenage students’ 
physical competence in PA intensity regulation through real-time feedback on teenage 
students’ HR changes and the corresponding PA intensity. 

Our results confirmed the effectiveness of the FitBirds game in delivering DAF to facilitate 
teenage students’ PA in the PE context. Meanwhile, this fitness game positively improves 
teenage students’ enjoyment experience, social engagement, and physical competence during 
aerobic activities. Moreover, the interview results with two PE teachers indicated that 
FitBirds and its represented DAF systems have the potential to play a role in the technology-
aided PE teaching system. 

5.6.1 Enriched Enjoyment Experience 

Qualitative results showed that both modes of the FitBirds game had provided several 
positive experiences for teenage students. In particular, the COOP mode leads to statistically 
improved PA enjoyment experiences. This improvement could be attributed to the 
attractiveness of the FitBirds game scenario and persuasive game features. As supported by 
teenage students’ responses in the interview, three typical attractiveness of FitBirds are 
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related to the game features that are entertaining, challenging, and persuading: Enjoyed 
keeping active and gaming simultaneously; Challenged by regulating physical intensity to 
win the game; Encouraged by the persuasive game features. Previous findings also revealed 
that mechanisms such as challenges, rewards, and feedback are promising to increase 
enjoyment experiences in exergames [223].  

Another noticeable finding is that the COMP mode did not significantly improve teenage 
students’ enjoyment. However, the ratio of teenage students who were fond of COMP and 
COOP is 17 to 13. This could be explained by the negative experiences which teenage 
students claimed in COMP that only one winner could thoroughly enjoy the success, and 
that they dislike the thought of wishing others were worse than you. The inconsistency was 
also found when cross-examining the interview responses on teenage students’ physical 
competence. Although teenage students perceived more physical effort in COMP, they 
expressed general satisfaction with their physical performance in COOP. Whereas 
satisfaction in COMP varies from positive terms, “pretty good, very good, good, fine”, to 
negative statements, “could have done better, not happy with it, (very) bad”. Therefore, in 
COMP we infer that teenage students’ negative experiences and physical performance 
dissatisfaction offset their positive experiences, such as passionate about competition and 
motivated to maximise an individual’s physical performance. Other studies also uncovered 
distinct effects of competition context on individuals with different competitiveness traits 
[68], especially for less competitive individuals who may report more negative mood, weaker 
self-efficacy, and more negative evaluation of the exergame [345]. 

5.6.2 Enhanced Social Engagement 

The results showed that aerobic activities with the COOP mode of FitBirds significantly 
enhanced teenage students’ social engagement with respect to Empathy and Behavioural 
Engagement. Surprisingly, the COMP mode also has a significant impact on Behavioural 
Engagement. This result may be due to persuasive social features such as social learning and 
social comparison [6, 278] that remain in the FitBirds COMP game mode. For instance, the 
qualitative findings showed that teenage students in COMP mode could imitate effective 
movements of others and compare their scores with others, which is consistent with social 
learning and social comparison. In general, these enhancements in social engagement are 
likely related to the participation of multiple players scaffolded by the FitBirds game. As 
some research suggested, a fitness game that involves multiple players could naturally 
provoke social play and diverse social interaction patterns [34, 67]. 
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5.6.3 Improved Physical Competence 

Teenage students’ physical competence in regulating vigorous intensity was significantly 
increased in the COMP mode of FitBirds. Qualitative findings from the interviews also 
supported this quantitative result. Teenage students perceived that they had dedicated more 
physical effort to COMP. This finding is consistent with previous studies, which showed that 
exergaming in a competitive context could promote individuals’ increased energy 
expenditure and physical effort in the short term, regardless of the distinct individual 
competitiveness [231, 345]. The result could also be attributed to the personalised HR 
feedback in the FitBirds COMP game. Prior research showed that personalised feedback 
based on HR monitors could promote an increased ratio of time spent on vigorous activity in 
the short term among primary school children [239]. 

The increase in teenage students’ learning competence (PCS-L scale) in COOP and COMP 
means that the DAF delivered by the FitBirds game effectively supports teenage students’ 
understanding of physical intensity in PA. The finding is also supported by the qualitative 
interview results, in which the teenage students could distinguish between the different 
content and the scope of the feedback provided in each game mode. Given that many 
researchers have confirmed a massive influence of feedback in enhancing motor and 
cognitive learning and achievement [113, 146, 419], our positive results on learning 
competence could be attributed to the qualities of DAF systems, which are informative [239] 
interactive [157], engaging [129, 377], and immersive [285]. 

5.6.4 Limitations and Future Work 

Although this study was conducted in a regular PE context and included a baseline condition 
to help teenage students familiarise themselves with HR sensors and a TV screen—
technologies seldom used in their usual PE curriculum—the novelty effect and Hawthorne 
effect may still have influenced the findings [238]. To mitigate this potential limitation, both 
qualitative and quantitative data were collected [227] to enable a more nuanced interpretation 
of the results. 

Another concern relates to sample selection and potential voluntary response bias. Because 
participation required PA, the study may have appealed more to physically active teenagers 
than to sedentary peers. Although we sought to minimize this bias by embedding the study 
within regular PE lessons—where participation in PA was mandatory—none of the 
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volunteers reported being below average in fitness compared to their classmates, suggesting 
an underrepresentation of less active students.  

A further limitation is that the development and evaluation of FitBirds were situated within 
the Dutch secondary education system. As cultural norms, socio-economic conditions, and 
PE assessment criteria vary across contexts [406], the adoption and effectiveness of this 
design intervention may differ elsewhere.  

Future research should therefore include long-term evaluations to examine the sustained 
effects of FitBirds on user experiences. It would also be valuable to investigate its 
educational potential by tailoring scoring mechanics to different learning objectives in 
diverse PA.  

5.7 Conclusion of This Chapter 

In this chapter, we present the design of FitBirds as an example of DAF systems in the PE 
context. This fitness game represents individuals’ HR as physical intensity levels in a game 
scenario. With FitBirds as a research probe, we conducted a mixed-methods field study over 
three weeks with 36 teenage students and two PE teachers to investigate the role of a DAF 
system in improving the overall experiences of teenage students in PE. Statistical 
comparisons among the baseline and two game modes of FitBirds shows positive effects of 
the DAF system in enriching enjoyment experiences, enhancing social engagement, and 
improving physical competence among teenage students. The interview results with the 
teenage students also supplement the detailed insights on the enriched experiences. 
Additionally, PE teachers’ responses suggest that FitBirds and its represented DAF systems 
have the potential to be incorporated into daily PE courses.  

As the final step in the second iterative design research cycle, my assumptions regarding the 
impacts of the DAF system on enhancing the enjoyment, social engagement, and physical 
competence of teenagers in PE were validated through the field evaluation of FitBirds. 
Additionally, these findings align with the results of the Shuttlezap field evaluation 
conducted during the first iterative design research cycle. Through two iterative cycles of 
design research, this thesis has strengthened both theoretical and empirical understandings 
of the considerations involved in designing technological interventions, as well as users’ 
perceptions of feedback and contextual requirements for DAF systems. Consequently, the 
quality of design and development, the implementation scale, and the evaluation timespan of 
DAF systems has been extended, evolving from the Shuttlezap to the FitBirds study. 
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Chapter 6.  

Discussion and Conclusions 
This PhD thesis examined how digitally augmented feedback systems can be designed, how 
they influence teenagers’ enjoyment and social experiences and their perceived competence 
in physical education.  

Following a research-through-design approach, we started with an exploratory design and 
evaluation study of Shuttlezap to gain preliminary insights from the relevant theoretical 
literature, understand stakeholders, the research context and users, and assess its potential in 
physical education (see Chapter 2). We then investigated the design approach of digitally 
augmented feedback systems for teenagers’ physical activity through a systematic literature 
review, providing intermediate-level knowledge on design practices and recommendations 
on design decision-making (see Chapter 3). Subsequently, we conducted user research with 
teenage students, physical education teachers, and physical education teacher educators to 
understand their perceptions of feedback and expectations of digitally augmented feedback 
systems, thus proposing design opportunities to implement digitally augmented feedback 
systems in the physical education context (see Chapter 4). Finally, we developed FitBirds, a 
design example of digitally augmented feedback systems that uses players’ physiology data 
as input for the game. We carried out a field evaluation study to investigate the effects of this 
digitally augmented feedback system on teenage students’ overall physical activity 
experiences in physical education (see Chapter 5).  

In the process of these iterative design and evaluation studies, we contributed to four aspects 
of design research on creating motivational environments for teenagers’ physical activity 
during the physical education curriculum. These contributions encompass intermediate-level 
knowledge for the design practice of digitally augmented feedback systems, design 
implications to inform directions for innovation to enrich teenagers’ PA and PE experiences, 
empirical contributions from user research and field evaluations, and artefactual 
contributions through the design of the Shuttlezap and FitBirds interventions. 
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6.1 Answers to Research Questions 

The studies presented in this thesis investigate the physical activity (PA) experiences of 
secondary school teenage students aged 11 to 15 years. Some studies also incorporate 
perspectives from physical education (PE) teachers and physical education teacher educators 
(PETE), offering pedagogical insights into the design and implementation of digitally 
augmented feedback (DAF) systems in the PE context. This design research aimed to address 
four specific research questions (RQ). A recap of these RQ and our findings are provided 
below. 

RQ1: What Design Knowledge Can Be Developed to Inform the 
Creation of Physical Activity Interventions for Teenagers? 

This research question aims to gather and develop design knowledge about creating 
technological interventions for teenagers’ PA. In Chapter 3, we expanded our design 
knowledge by delving into the design approaches and requirements needed to develop 
interventions promoting PA among teenagers. Specifically, we sorted out 25 design and 
evaluation papers through a systematic literature review on goals within the field, theories 
and requirements that concern these goals, corresponding decisions, and the effects evaluated 
in research. Our findings reveal four design phases, and the specific topics covered in each 
phase. Phase 1. Design intentions on the aspects of PA, social, and learning. Phase 2. Design 
requirements on seven topics of PA, social, learning, gameplay experiences, product / system 
/ game design, contextual constraints, and multi-stakeholder constraints. Phase 3. Design 
decisions on the forms of gameplay and its required PA, social aspects, the features of 
technology, applied contexts, and multi-stakeholder participation. Phase 4. Evaluated effects 
on the aspects of PA, social, learning, gameplay experiences, and the usability of the product 
/ system / game. 

Constructed from the findings of our review study, we have provided two tools for design 
practice to address intermediate-level knowledge. Firstly, we developed a design practice 
diagram that illustrates the relation of design requirements topics throughout the four design 
phases (see Figure 3.1 in Chapter 3). In this diagram, five coloured lines represent how varied 
design intentions and corresponding requirements lead to different design decisions and 
evaluated effects. We discussed the connections between these four phases and how the 
internal topics linked throughout the design phases inform designers and researchers about 
the state of the field. We also identified discontinuities throughout the four design phases, as 
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some studies neglected to specify theories or design requirements corresponding to the 
design intentions, lacked design decisions, or showed inconsistent interpretation between 
design requirements and design decisions. 

Secondly, we derived a framework that examines seven design requirement topics from the 
perspective of teenagers’ triple roles as players, learners, and users (see Figure 3.2 in Chapter 
3). This framework reflects the inherent relationships between the seven design requirements 
and the needs of teenagers’ triple roles. Specifically, teenagers’ needs as players can be met 
by design requirements related to social and gameplay aspects, which are closely linked to 
their experiences of fun and enjoyment. Teenagers’ needs as learners can be met by design 
requirements related to PA, learning, and social aspects, as these requirements address their 
physical and mental health benefits. Finally, teenagers’ needs as users can be met by design 
requirements related to PA, product / system / game design and gameplay, which are 
indispensable parameters in interventions for teenagers’ PA. Furthermore, the multi-
stakeholder constraints represent the intersection of all requirements and serve as a balancing 
point for the needs of teenagers’ triple roles. Contextual constraints also cover the seven 
design requirements, as changes in context can substantially impact the corresponding 
requirements. 

To summarise, our design knowledge of developing PA interventions for teenagers has 
advanced through a systematic review of relevant design and evaluation studies. By 
leveraging design instances in this field, we have developed a design practice diagram and a 
requirement framework as tools to translate theoretical design knowledge into structured, 
visual, and practical guidance for design practice. 

RQ2: What Are Users’ Perceptions of Feedback and the 
Contextual Requirements for Integrating DAF Systems into PE?  

The research question aims to understand the user perceptions of feedback and contextual 
requirements of DAF systems integrations in PE. We conducted empirical field research in 
Chapters 2, 4, and 5 to gather user and contextual insights from teenage students, PE teachers, 
and PETE.  

We delved into user perceptions of feedback in PE in Chapter 4, examining the 
interconnections of feedback dimensions, including timeliness, scale, provider, expression, 
experience, and form, as well as the adoption and perceptions of PA technologies. Our 
findings highlighted teenage students prefer to receive feedback during activities rather than 
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after activities; for individuals rather than for small groups or the entire class; from both the 
PE teacher and peers; in a positive expression rather than neutral or negative; with pleasant 
experiences such as enjoyable and socially connected; and in a multi-sensory form rather 
than uni-sensory feedback.  

Building upon a holistic understanding of feedback perceptions with a multi-stakeholder 
perspective, we uncovered three feedback challenges between the needs of teenage students, 
the practical constraints faced by PE teachers, and the pedagogical expectations of PETE. 
Specifically, these challenges are: 1) Timely and personalised feedback during activities is 
essential for motor skill learning. However, concerns about attentional distractions and time 
constraints often lead PE teachers to provide group-scale feedback after activities. 2) 
Teenage students value their need for affective satisfaction as much as their need for 
competence development, but PE teachers often overlook affective needs in the feedback 
provision process. 3) Despite the growing use of PA technologies in the daily lives of PE 
teachers and teenage students, these technologies are rarely integrated into the PE curriculum.  

Meanwhile, in Chapter 4, we examined the perceived benefits of PA technologies in PE and 
identified three key advantages from PE teachers and PETE: 1) providing real-time 
physiological feedback on the amount and intensity of PA. 2) tracking students’ short- and 
long-term progress. 3) assisting PE teachers in delivering timely, high-quality, and 
personalised feedback to each student. They also emphasised that PA technologies should 
align with the contextual requirements of PE, ensuring sufficient compatibility and usability 
to effectively support PE teachers in delivering meaningful feedback. Specifically, 
compatibility should extend to various learning objectives, stages, difficulty levels, and on-
site setup and layout. Usability should prioritise convenience, efficiency, entertainment, and 
immersion. 

We also addressed the contextual requirements for integrating DAF systems in PE in 
Chapters 2 and 5. During the expert interview session as presented in Chapter 2, PE 
practitioners expressed their expectations for DAF systems by reviewing the Shuttlezap 
mock-up: 1) The difficulty level of motor skills required for the DAF system should be 
developmentally appropriate for teenage students. 2) Customised implementation of the DAF 
system is highly valued, as is flexibility in adjusting duration of use, number of users, scoring 
rules, and indoor or outdoor placement. 3) The benefits of the DAF system on user 
experiences are appreciated, such as increasing PA motivation, enhancing social interactions, 
and enriching enjoyment experiences.  
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During the post-interview session as presented in Chapter 5, PE teachers expressed their 
expectations for DAF systems based on their observation of FitBirds field evaluations. 
Regarding the applicability of the FitBirds game in the PE context, PE teachers agreed that: 
1) It can be applied to create engaging lessons to increase students’ interest in PA. 2) It can 
be integrated to incorporate a variety of PA into the PE curriculum. 3) It can provide ambient 
feedback to facilitate students’ learning process in PA. Regarding the compatibility of DAF 
systems with PE core values, it is expected that DAF systems can prioritise increasing 
interest in PA, encouraging social interactions, and promoting greater PA participation 
among teenage students. 

To summarise, we gathered multi-stakeholders’ perceptions on feedback in PE through a 
user interview study. Additionally, we explored contextual requirements for integrating DAF 
systems into PE through two iterative design and field evaluation studies. We conclude the 
field research presented in Chapters 2, 4, and 5 with two statements. First, we found that user 
research should extend beyond end-users to include the contextual requirements of other 
relevant stakeholders. Second, we observed that as interventions are implemented over 
longer periods and with greater frequency, users’ expectations of DAF systems shift from 
addressing short-term needs to demanding long-term benefits. 

RQ3. How, and to What Extent, Can a Developmentally 
Appropriate DAF System Influence Teenagers’ Enjoyment, Social 
Engagement, and Physical Competence in PE? 

The research question aims to investigate how and to what extent DAF systems could impact 
teenagers’ PA experiences in PE, particularly in terms of enjoyment, social engagement, and 
physical competence. We initially developed two design interventions, Shuttlezap and 
FitBirds, examples of our envisioned developmentally appropriate DAF systems. 
Subsequently, we implemented these interventions in the PE context and evaluated their 
potential effects on teenage students’ PA experiences.  

Chapter 2 examined Shuttlezap, providing preliminary findings about the effects of audio-
augmented feedback on teenage students’ playfulness, social engagement, and perceived 
competence in PA. Quantitative findings indicated that playful audio feedback significantly 
increased playfulness, particularly in terms of perceived relaxation and expression. 
Qualitative findings revealed that audio feedback elicited a mix of experiences in terms of 
playfulness: it fostered enjoyable and immersive, interactive and explorative positive 
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experiences, but could also bring disappointing and stressful negative feelings. Regarding 
social relationships, audio feedback helped break the silence and provide a joyful 
atmosphere, stimulated interactions and promoted team climate. In terms of perceived 
competence, audio feedback motivated active participation and competitiveness, provided 
guidance and feedback, but occasionally interfered with attention. 

Chapter 5 investigated the potential effects of FitBirds on teenage students’ enjoyment 
experiences, social engagement, and physical competence. Through a mixed-method field 
evaluation, quantitative results revealed the positive impacts of enriching teenage students’ 
PA enjoyment, enhancing the social presence of empathy and behavioural engagement, and 
improving physical competence through vigorous-intensity regulation. The qualitative 
findings further elaborated on more nuanced experiences and the corresponding reasons to 
explain those significances in detail. Firstly, the cooperation mode of FitBirds significantly 
increased teenage students’ enjoyment experiences of PA, provided togetherness experiences, 
and fostered shared experiences of team effort and pleasure. Furthermore, the entertaining, 
challenging, and persuasive features of the Fitbirds game made teenage students feel that 
they enjoyed being active and gaming simultaneously; were challenged to regulate their 
physical intensity to win the game; and were encouraged by the persuasive features of the 
game. Secondly, both the cooperation and the competition modes of FitBirds significantly 
increased the social presence of teenage students in terms of behavioural engagement, while 
the cooperation mode also enhanced empathy. Teenage students’ social engagement 
experiences in two game modes can be categorised as follows: 1) emotional state: a sense of 
engagement versus a tense atmosphere; 2) visual attention: collectively focused versus self-
focused; 3) verbal communication: helping and supporting versus distracting and 
discouraging; and 4) behaviour imitation: synchronised imitation versus individual imitation. 
Thirdly, the FitBirds competition mode significantly improved teenage students’ physical 
competence, particularly in terms of the duration of vigorous intensity. Teenage students 
reported that although the competition mode motivated them to exert more physical effort, 
satisfaction with their physical performance polarised, with some feeling proud and others 
feeling frustrated. Both the cooperation and competition modes of FitBirds significantly 
enhanced teenage students’ perceived competence for learning. Meanwhile, teenage students 
fully understand the scope and content of feedback in the FitBirds game. The cooperation 
mode reflects on the overall performance of the group, and the teenage students perceived 
general feedback, such as if an adjustment to physical effort and activity was needed. In 
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contrast, the competition mode reflects interpersonal differences, and the teenage students 
sensed more feedback on their physical condition and performance. 

These positive impacts of DAF systems on teenage students’ overall PA experiences 
contribute to answering RQ3 and provide empirical insights for the design and research on 
teenagers’ fitness and well-being. The design iteration from Shuttlezap to Fitbirds is better 
tailored to the needs of teenage students and the contextual requirements of PE. Consequently, 
the effects evaluated of the two examples of DAF systems becomes more comprehensive, 
relevant, and informative. 

RQ4: What Design Implications Can Be Proposed for Digitally 
Augmented Feedback Systems to Enrich Physical Activity 
Experiences of Teenagers in the School Setting?  

This research question aims to extract implications on the design of DAF systems to promote 
teenagers’ PA participation in a school context. We have outlined the design 
recommendations in Chapter 3 and design opportunities in Chapter 4.  

Based on a systematic literature review in Chapter 3, we have proposed four design 
recommendations for addressing new opportunities and challenges in the design decision-
making process for teenagers’ PA interventions. These recommendations include: 1) 
Expanding the physical-virtual gaming experience by focusing on gameplay and its required 
PA. 2) Expanding teenager-peer interaction experience by supporting diverse social patterns. 
3) Expanding teenager-computer interaction experience through innovative technologies. 4) 
Expanding teenagers’ experience needs in their triple roles (i.e., as players, learners, and 
users) through considering multi-stakeholder participation and various application contexts. 

In Chapter 4, we proposed evidence-based design opportunities for DAF systems to improve 
teenage students’ PA experiences in PE. These opportunities are tailored to mediate teenage 
students’ affective and developmental needs, PE teachers’ practical constraints, and PETE’s 
pedagogical expectations. The three design opportunities are: 1) Facilitating quality teacher 
feedback by integrating timely, constant, and personalised DAF systems. 2) Fulfilling the 
students’ competence, affective, and social needs by coordinating with versatile properties 
of the DAF system. 3) Meaningfully representing students’ physiological data for motor 
learning through a multi-sensory approach in the DAF system. 
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From the literature review and the user research study, we narrowed our research scope to 
provide tailored design implications for targeted user groups and specific contexts. 
Consequently, our design implications encompass technological, contextual, and behavioural 
interactions, as well as user experience considerations. Our goal is to develop interventions 
that promote PA participation, enhance teenagers’ experiences, and facilitate motor learning 
in PE.  

6.2 Contributions 

This thesis presents multiple contributions to the design research field of HCI, including 
design knowledge (intermediate-level design practice diagram and requirement framework), 
design implications (evidence-based design recommendations and opportunities for DAF 
system), empirical contributions (findings from field and contextual studies), and 
artefactual contributions (two high-fidelity DAF prototypes) [407, 408]. Collectively, 
these outcomes are intended to inform industry designers, design educators, and students; 
guide the scientific direction of HCI design researchers; support PE practitioners in 
enhancing their pedagogical approaches; and ultimately foster teenagers’ engagement in PA.  

6.2.1 Design Knowledge 

In the HCI domain, theoretical contributions comprise “new or improved concepts, 
definitions, models, principles, or frameworks” that clarify “what we do, why we do it, and 
what we expect from it” [407, 408]. This design research contributes intermediate-level 
knowledge that explicitly bridges theory and practice in the design of DAF systems for 
teenagers’ PA. Specifically, we developed two complementary design tools: 1) a design 
practice diagram mapping design requirement topics across four design phases (see Figure 
3.1, Chapter 3); and 2) a requirement framework examining seven design requirements 
through teenagers’ triple roles as players, learners, and users (see Figure 3.2, Chapter 3). 
Derived from a synthesis of literature and applied in the second iterative cycle of design 
research (Chapters 3-5), both design tools are theoretically grounded yet have been applied 
in concrete design processes, moving beyond abstract design knowledge toward practically 
oriented, actionable design tools.  

The requirements framework was first applied in user interview studies (see Chapter 4) to 
assess feedback dimensions against teenagers’ triple-role perspective, ensuring a holistic 
investigation of their needs. In FitBirds’ early concept brainstorming, the framework served 
as an analytical lens for evaluating ideas against these often-competing roles, prompting 
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adjustments that integrated playful feedback with educational cues while preserving intuitive 
usability. During prototyping and internal evaluation of FitBirds, the framework made 
explicit recurring tensions—such as balancing game challenge (player motivation) with 
feedback meaningfulness (learning support)—and supported informed trade-offs. By 
systematically framing design requirements through the triple-role perspective, the 
framework ensured that FitBirds’ design features aligned with teenagers’ distinct needs, 
ultimately enhancing PA enjoyment, educational value, and usability.  

The design practice diagram provided the research team a visual, structured pathway to 
guide the development of FitBirds across its successive phases. By explicitly mapping design 
requirements to each phase, it ensured comprehensive coverage, traceability of design 
decisions, and the early identification of gaps. This diagram enabled the research team to 
navigate complex decision-making, justify the addition, removal, or transformation of 
specific features, and conduct retrospective analyses of how early-phase decisions shaped 
later developments. It also informed iterative refinements and effectiveness evaluations of 
FitBirds’ design features, particularly in balancing entertainment, educational value, and 
enabling factors, while safeguarding critical aspects such as social engagement and 
competence alignment.  

By capture recurring patterns from viable design instances, the diagram and framework 
advance both theoretical knowledge and design practice, offering actionable yet adaptable 
design guidance across diverse PA technology contexts [30]. Positioned as a bridge between 
theoretical constructs and concreate design instances, they provide structured, repeatable 
pathways without over-prescribing solutions, thereby balancing practical utility with 
generalisability. As reusable, testable, and adaptable tools for operationalising complex 
design challenges in HCI, these contributions constitute transferable forms of intermediate-
level knowledge that can be validated, refined, and extended in future studies.  

Finally, this design knowledge provides structured guidance for design researchers, 
supporting the development of new interventions, empirical validation of design phases, and 
evaluation of emerging technologies. It equips designers with actionable tools to structure 
and critically reflects on decision-making across iterative phases, ensuring essential 
requirements are addressed holistically. For practitioners in PE and youth health promotion, 
it offers concrete inspiration for aligning diverse stakeholder and integrating entertainment, 
educational, and usability considerations into cohesive, impactful interventions. 
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6.2.2 Design Implications 

We have outlined practical design implications for developing design solutions to improve 
PA and PE experiences for teenagers. From the literature review in Chapter 3, we derived 
four recommendations that provide actionable guidance for informing concrete design 
decisions in the development of PA interventions for teenagers. From the empirical user 
interviews in Chapter 4, we identified three design opportunities that highlight directions for 
innovation in DAF systems to enrich teenagers’ PA and PE experiences.  

These practical design implications contribute to facilitating knowledge transfer and bridge 
the gap between theory, empirical findings, and design practices by summarising complex 
research insights into actionable and widely applicable recommendations and opportunities 
for design practice. Specifically, these practical design implications can help design 
researchers identify research gaps and navigate promising directions for their future studies. 
Building upon these preliminary insights, HCI researchers can prioritise their work to align 
with proven research outcomes.  

Designers can also gain benefits in several ways. For instance, with these evidence-based 
design implications derived from a literature review and user research study, designers can 
be well informed to create more personalised, relevant, and context-specific design solutions 
to promote teenagers’ PA. Thus, these design implications can accelerate the iterative design 
and development process, reducing design failures by helping designers refine their initial 
concepts and suggesting specific modifications and improvements to prototypes. On a small 
scale, these implications help to outline why specific interactions should be implemented or 
how a particular user experience should be supported through functional features. 
Additionally, communication and knowledge exchange of these implications among 
designers can inspire them to uncover new design opportunities for the development of future 
PA intervention both in and out of the PE context.  

Design educators in HCI can use these practical design implications as examples to teach 
intermediate-level knowledge such as design patterns, guidelines, methods, and tools [154]. 
Therefore, design students can gain insight into how to apply design knowledge in their 
practical design projects and understand how design research and design practices 
complement and benefit one another. 
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6.2.3 Empirical Contributions 

Empirically, we gained insights into user and contextual requirements for developing DAF 
systems in PE through interviews with teenage students, PE teachers, and PETE (see Chapter 
4). Furthermore, we validated the effects of two DAF systems (Shuttlezap and FitBirds) on 
teenage students’ perceived enjoyment, social engagement, and physical competence through 
two mixed-method field evaluation studies (see Chapters 2 and 5).  

The empirical insights we have gathered from the user study and field evaluations can 
contribute to the establishment of high-quality design practices within the HCI community. 
By providing empirical understandings of specific user groups and contexts, HCI researchers 
and designers can develop design strategies and generalisable knowledge. 

Specifically, user and contextual insights gathered from our user study can help HCI 
researchers and designers understand the specific needs, behaviours, preferences, and 
expectations of multiple stakeholders, as well as the contextual factors that impact user 
interactions and experiences. This understanding can lead to the development of innovative 
features and new solutions that address the unmet needs or difficulties faced by various user 
groups. Furthermore, our empirical insights into users’ perceptions of feedback, which are 
rooted in understanding the needs of teenage students, can inform PE practitioners to refine 
their teaching pedagogies.  

The empirical insights gained from field evaluations, including user feedback and usability 
measurements, allow for understanding of user interaction behaviours and validation of 
specific design features. These insights help designers refine their prototypes with informed 
improvements in accessibility, personalisation, and adaptability of design interventions. 
Designers in industry can utilise these evaluation insights as indicators of potential usability 
issues before full-scale deployment, helping to minimise the risk of costly failures later in 
the product life cycle. Moreover, they can also guide design educators and students through 
the iterative design process, enabling evidence-based decisions when creating technological 
interventions centred on users.  

6.2.4 Artefactual Contributions 

Our artefactual contributions comprise two intervention artefacts—Shuttlezap and 
FitBirds—developed as design examples for our envisioned DAF systems. Shuttlezap 
delivers real-time auditory feedback on player’s behaviour patterns and performance during 
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physical play (see Chapter 2), while FitBirds represents real-time heart rate data in fitness 
game scenarios via wearable devices and an on-site display (see Chapter 5).  

Although speculative in nature, these exploratory prototypes advance the field by enabling 
the exploration, demonstration, and application of innovative design solutions. Specifically, 
these two design instances advance design practice by translating theoretical concepts into 
practical implementations, generating design knowledge and demonstrating the 
technological feasibility. As tangible foundations, they support empirical user studies, 
facilitate iterative development and evaluation, and inspire the evolution of future 
commercial products and system services.  

These two artefacts explore a trajectory for fitness game design in which gameplay and 
feedback are deliberately interwoven with daily (school) life and embodied practices. Within 
this trajectory, physical environments, bodily actions, and social interactions serve as 
enabling elements of physical play. For game and play designers, this suggests a rethinking 
of feedback mechanisms: rather than focusing solely on virtual immersion or entertainment, 
designers can create embodied, situated, and socially embedded feedback that aligns with 
players’ lived routines. In this way, play and game design move beyond entertainment to 
support educational and motivational outcomes, particularly in formal learning contexts such 
as PE. Embedding play and game elements into real-world PA enables hybrid experiences 
where entertainment and education reinforce one another. This trajectory opens new 
opportunities for games and play to intersect productively with public health, education, and 
everyday well-being.  

These artefacts also offer value to multiple stakeholders. Design researchers can utilise 
artefacts and insights to inspire future HCI work, testing new theories, concepts, and design 
approaches in PA, PE, or health-focused contexts. Design educators and students may adopt 
them as learning tools for intermediate-level knowledge [30], strengthening their 
understanding of theory through practical design instances. PE teachers and PETE can 
integrate them to supplement their teaching practices, motivating student participation, 
improving engagement, and enriching their understanding of technology in health and 
education. Ultimately, teenagers benefit most, as the artefacts provide enjoyable, engaging 
ways to promote PA, encourage active lifestyle, and address broader public health concerns.  

Importantly, Shuttlezap and FitBirds were developed within the Dutch socio-cultural and 
educational context, where cultural norms, socio-economic conditions, and institutional 
priorities shape teenagers’ engagement with PA-related practices. In contexts with limited 
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PA exposure, different PE assessment standards, or unequal access to digital technologies, 
the prioritisation and interpretation of design requirements may differ. Thus, while the core 
principles of our DAF systems may hold broad relevance, their implementation must be 
further examined and adapted to local values, resources, and socio-cultural dynamics [406].  

6.3 Discussion 

In this section, we review the main findings of the thesis by discussing them holistically 
within the scope of our research objectives alongside their design knowledge, design 
implications, empirical, and artefactual contributions. This discussion aims to provide an in-
depth perspective on the challenges in improving teenagers’ PA experiences and supporting 
PE learning through DAF systems. 

6.3.1 The Challenge of Balancing Entertainment, Education, and 
Enabling Features in Digitally Augmented Feedback Systems 
Design 

In the child-computer interaction domain, the Players, Learners, and Users (PLU) model 
identifies three interactive technology features: entertainment, education, and enabling 
features, that map onto children’s distinct requirement needs–player requirements, learner 
requirements, and user requirements [164, 232, 415]. While the PLU model was originally 
formulated for children interact with general technologies [232, 415], our findings extend its 
scope by demonstrating its applicability to the design of DAF systems for promoting 
teenagers’ PA within the school setting. Specifically, our work highlights how the three 
features interact with educational aims, curricular constraints, and social dynamics particular 
to secondary PE context. 

Our literature review study (see Chapter 3) derived a framework examining seven topics of 
design requirements for teenagers’ PA promotion (see Figure 3.2 in Chapter 3), which aligns 
with the PLU model in terms of teenagers’ triple roles (i.e., as players, learners, and users) 
and the three corresponding technological features (i.e., entertainment, education, and 
enabling features). Empirical evidence from our user interviews (see Chapter 4) and field 
evaluations (see Chapters 2 and 5) further supports this alignment. Hence, I would like to 
discuss how the technological features of entertainment, education, and enabling benefit the 
development of DAF systems in the PE context. 



 174 

First, the entertainment feature refers to the way users interact with a system and the 
presentation of feedback, which is expected to be fun, playful, attractive, and enjoyable to 
encourage active participation in PA. This property is often considered when designing 
fitness games, active video games, exergames, and gamified mHealth applications for users 
of different ages. For instance, the Puzzle Ball Hamster game encourages players to enjoy 
physical movement and bodily interactions by turning a large gymnastic ball into a playful 
puzzle game controller [42], while the multi-player mixed-reality trampoline game Super 
Stomp, amplifies jump height both in the real world and in the virtual game world to enhance 
player motivation and enjoyment through exaggerated feedback [210]. Similarly, a PA 
smartphone application [329] demonstrates how gamified feedback can translate children’s 
activity levels into a personalised animated avatar with different active statuses that motivate 
more PA participation. These cases illustrate how playification and gamification can be 
leveraged to transform feedback into intrinsically enjoyable experiences that sustain 
motivation.  By explicitly incorporating entertainment features into DAF system design, the 
threshold for teenagers’ participation in PA can be lowered, enabling them to experience the 
pleasure of being active over time.  

Our DAF system design examples addressed the entertainment feature in two distinct ways. 
Shuttlezap incorporated real-time playful audio augmentation into the game mechanics to 
encourage performance during physical play (see Chapter 2), while FitBirds employed 
gamified visual feedback to represent players’ real-time heart rate in a fitness game scenario 
(see Chapter 5). Both studies demonstrated that integrating entertainment feature into DAF 
systems can motivate active participation by enriching enjoyment and enhancing social 
relationships among teenagers, particularly in group PA.  

In developing these systems, I drew on principles of playification and gamification, adapting 
them to the realities of teenagers’ daily routines, physical environments, and social contexts. 
My designs positioned PA at the centre, with game and play elements incorporated as 
supportive layers to make participation more engaging, while the “real world” remained the 
primary stage. In this way, playful and gameful elements were carefully integrated to enhance 
motivation and enjoyment without displacing the PA or educational objectives. 

Second, the education feature stands for meaningful information in the feedback from the 
DAF systems. Specifically, DAF systems are expected to provide evidence of body 
movement and performance, provoke self-reflection, and assist third parties in providing 
guidance. This property is widely emphasised in quantified-self and personal informatics 
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interventions [120, 185, 294]. For instance, the FitAware system displays textual information 
on a smartwatch interface, showing the user’s steps, personal rank on the team, team steps, 
team rank, and a line chart to visualise team members’ daily progress of step counts in a 
mobile application. These information displays serve as feedback to provoke active 
competition within and between groups [102]. Additionally, the shared quantified-self data 
has enhanced individuals’ intrinsic motivation for PA and increased their social relatedness 
with other cyclists nearby [417]. Our findings from Chapters 2 and 5 reveal that teenage 
students regarded the education feature of DAF systems as providing guidance and 
instructions for motor skill improvement and encouraging more physical effort, hence 
benefiting their physical competence. 

There are also concerns about designing personal informatics and self-tracking devices for 
teenagers. Critics argue that solely focusing on quantified PA data lacks meaningful 
engagement experiences, and excessive focus on physical appearance and strict calorie 
counting [114] may lead teenagers to narrowly interpret their fitness data as a measure of 
being ‘fit’ or not being ‘fat’ [127]. The DAF system design needs to address the education 
feature to provide effective feedback to guide teenagers’ PA performances and meaningfully 
represent their long-term motor learning tracking records. 

Third, the enabling feature signifies an immediate process for interpreting feedback content 
and, thus, is demanded to be straightforward and burdenless. Several research results suggest 
that digital feedback to promote PA should be clear and concise [180] to reduce cognitive 
load during interpretation [223]. Interpreting data is seen as a significant hurdle among 
quantified-selfers [71]. Thus, it is recommended that quantitative data be represented in 
easily interpretable feedback forms to enable users to process and perceive information with 
minimal effort [130]. Therefore, trade-offs need to be considered between simplifying data 
interpretation for better understanding and capturing essential information for instructional 
feedback [294]. Additionally, a study on motor skills in dance suggests that wearable 
feedback should not distract students from the main task or reduce body awareness [388], 
which is consistent with PE practitioners’ expectation of unobtrusive feedback as addressed 
in Chapters 4 and 5. In Chapter 4, PETE expected DAF systems to provide easy to use, 
intuitive but unobtrusive feedback that is compatible with the PE context and address the 
usability of convenience and efficiency. In Chapter 5, PE teachers acknowledged that 
FitBirds is applicable for providing unobtrusive feedback to facilitate the student learning 
process in PA. 
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Our discussion addresses the importance of these three technological properties in benefiting 
PA interventions for teenagers and the drawbacks of each property. In addition to eliminating 
these drawbacks, the challenge of designing DAF systems lies in finding a balance among 
all three technological properties to meet teenagers’ distinct and sometimes conflicting needs 
in their triple roles. For instance, successful technological interventions in PE, such as video 
feedback [199, 247, 280], with high enabling and education features in providing intuitive 
and instructional feedback for motor skills learning. However, they generally lack 
entertainment feature to engage teenage players over time. Reversely, interventions that 
emphasise entertainment feature, such as exergames [70, 204, 208, 228, 258], active video 
games [125], fitness games [201, 234], gamified fitness applications [14, 118, 181, 218], and 
gamified PA feedback [329] are advancing in immersing players in gameplay scenarios. Yet, 
they are often criticised for not achieving sufficient PA intensity to yield health benefits to 
teenage learners and undermine the educational goals of PE [183, 281]. Additionally, 
although PA trackers and wearables [92, 266, 312] excel at providing instructional PA 
informatics, it is strongly suggested to enhance enabling features in terms of intuitive but 
meaningful data interpretation [263] for teenage users.  

Our studies show possibilities to create interventions that are motivating, instructive, and 
easily interpretable. Shuttlezap and FitBirds exemplify this integration, demonstrating how 
playful audio, gamified visuals, and intuitive feedback can collectively support teenagers’ 
enjoyment, competence, and social interaction during PA. These arguments also lead us to 
the next section, discussing how the participation of a broad range of stakeholders in the 
design iteration and evaluation process of DAF systems can address this challenge. 

6.3.2 The Challenge of Involving a Broad Range of Stakeholders in 
the Design Iteration and Evaluation Process 

The education context is affected by political, social, cultural, and economic factors, making 
PE a unique and complex adaptive system [81, 143]. In this unique setting, all school 
community members are important in promoting students’ PA. For instance, PE teachers 
are role models and leaders who promote active and healthy lifestyles. Meanwhile, 
school personnel facilitate various wellness programs [148]. Policy makers also create 
supportive school social environments to encourage daily PA [28]. Daly-Smith et al. 
adopted the experience-based co-design method to develop a whole-school PA framework 
with stakeholders, involving school leaders, teachers and other school staff, children and 
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young people, parents, and guardians, as well as broader stakeholders such as active school 
coordinators and public health specialists [81]. Researchers also claimed that the co-
developed framework demonstrates high face validity with professional and contextual 
credibility. Another study involved students, teachers, and parents in evaluating a school-
based PA promotion intervention and considering the perspectives of different stakeholders 
in providing recommendations to improve the future application of such interventions [262]. 
This illustrates the need for the highly coordinated participation of multiple stakeholders in 
promoting PA among teenagers within the school context. Following advocates for 
collaborative research “with” stakeholders and participants, rather than just “on” them [95], 
a broad range of stakeholders is suggested in such efforts, namely PE pedagogy experts, PE 
teachers, school administrators, exercise psychologists, students, and parents. 

Research in HCI has explored approaches to incorporating stakeholders in the design and 
evaluation studies of PA and PE in schools. For instance, during the development of the 
Interactive Light Jersey for basketball games, rapid user testing was conducted with six 
secondary school students during the prototype iteration. Subsequently, 135 secondary 
school students participated in the field evaluation, and three PE teachers participated in the 
post-evaluation [45]. In another design and evaluation study of the casual exergame 
GrabApple, four (PE) teachers participated in pre- and post-evaluation sessions to offer 
insights into the changes in 63 students’ attitudes towards PA before and after experiencing 
the design intervention [119]. The results of these studies have demonstrated the advantages 
of involving a broader range of stakeholders.  

Considering the educational objectives of the PE context and the presence of associated 
educator guardians, research into the design of PA intervention for teenagers thus generically 
requires, more than other contexts, a broader involvement of stakeholders. Moreover, the 
insights we gained from the field studies in Chapters 2, 4, and 5 indicate that the 
developmentally appropriate DAF systems should align with the core values of the PE 
curriculum. Therefore, involving PE experts in the design and evaluation process is 
inevitable to gain recognition from a pedagogical perspective [137] and to develop effective 
interventions in a learning context. 

In Chapter 2, we conducted an expert interview with five PE practitioners to test our video-
based mock-up version design before introducing it to the end-user teenage students. Having 
stakeholders evaluate our ‘proof of concept’ helped us quickly identify the appropriate 
difficulty level for teenage students’ motor skills, understand the contextual requirements for 
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intervention implementation, and acquire preliminary assumptions about the user 
experiences. Moreover, this expert interview session directly shortened the cycle of our 
prototype iteration and assisted in the planning and execution of field evaluation. 

In Chapter 4, we conducted a user-context study of feedback experiences in PE. By 
interviewing 20 teenage students, four PE teachers, and three PETE, we triangulated multi-
stakeholder insights into a holistic understanding of feedback experiences, considerations, 
and pedagogical strategies. Thus, challenges to providing quality feedback in PE are 
identified, and corresponding design opportunities are suggested to develop DAF systems in 
PE.  

In Chapter 5, we involved two PE teachers to observe the field evaluation and provide their 
input on how the Fitbirds game affects teenage students’ enjoyment experience, social 
engagement, and physical competence. We also acquired the applicability and compatibility 
of the Fitbirds game for use in PE from an educational perspective. 

In summary, the insights from the relevant literature and our field studies suggest that 
involving PE teachers and pedagogy experts in the design, iteration, and evaluation stage is 
beneficial in improving the quality and meaningfulness of technological interventions for 
teenagers’ PA participation. Additionally, addressing the challenge of combining 
entertainment, education, and enabling features in the design of DAF systems can be 
achieved by involving stakeholder groups that represent the requirements of the triple roles 
of teenagers. For instance, in addition to involving teenage end-users, DAF systems can be 
evaluated by HCI design researchers and PE practitioners to represent and reinforce the 
requirements of users and learners.  

6.3.3 The Challenge of Enabling Diversified and Dynamic Social 
Interaction Patterns in the Design of Physical Activity 
Interventions 

Social persuasive strategies are commonly used in designing PA promotion technologies [6]. 
A study found that among fitness applications, four of six prevalently adopted persuasion 
features are socially related. These include social learning, social comparison, competition, 
and cooperation [278].  

Several exergame research suggests a social play strategy that tailors the selection of 
competitiveness or cooperativeness based on player personal preferences [67, 68, 231, 345]. 
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This suggestion is supported by evidence showing that players’ enjoyment and motivation in 
competitive or cooperative settings vary depending on individual competitiveness [345], 
gender, initial weight status [231], and co-player relationship intimacy [68]. Another 
perspective suggests that social play in fitness games should include more aspects of 
cooperation and competition, as each can have different positive effects on teenagers [231]. 
Our findings in Chapter 5 support this perspective. We found that teenage students who 
played the Fitbirds game reported not only enjoying the typical attractiveness in both the 
cooperation and competition modes but also experiencing distinct enjoyments in each mode. 
In cooperation mode, teenage students experienced greater social engagement, while they 
experienced improved physical and learning competence in competition mode. Therefore, 
competitive and cooperative social play patterns offer unique benefits to teenagers’ physical 
and mental development, and neither can fully replace the other.  

PA in the PE context is commonly played in a collective form, making the activity difficult 
to tailor to the individual’s needs of competitiveness or cooperativeness. Moreover, the core 
values of PE in developing social skills require teenagers to engage in various socialisation 
patterns. Therefore, enabling a diversified and dynamic social interaction pattern is important 
in designing DAF systems to promote PA among teenagers. According to Player Interaction 
Patterns [116], the interaction structure between a player, the game system (objects), and co-
players is dynamic, and interactions can become more enriching as the number of players 
increases. Based on our literature review study in Chapter 3, we recommended expanding 
the teenager and peer interaction experience by enabling diverse social relationships, social 
distances, and player interaction patterns. Our design examples of DAF systems addressed 
this design challenge in two ways. Shuttlezap provides flexibility in adjusting the number of 
users, duration of use, scoring rules, and indoor or outdoor placement. FitBirds provides two 
social modes, including cooperation and competition, and allows adjustments in the number 
of users, the duration of use, and the PA involved. Although our two attempts to expand the 
social patterns in prototypes are still very preliminary, we hope to provide some references 
for future designs and evaluations in this field. 

Despite the challenges of designing and implementing PA interventions in PE with diverse 
social patterns, it is necessary to better understand the measurable benefits of such 
interventions. However, measuring learning or developmental outcomes and quantifying 
their long-term effects can be quite challenging. This is discussed further in the next section. 
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6.4 Limitations and Future Directions 

Although a section has been addressed in the relevant chapters that describes the specific 
limitations of each study, it is essential to consider contextual research factors and 
implementation constraints when interpreting the findings of this work. In the following 
paragraphs, we will discuss the more generic limitations, generalizability, and future 
directions at the thesis level.  

6.4.1 Limitations 

One limitation of this design research project is the small and specific sample groups. 
Specifically, our studies involved a relatively small sample size of participants, who were 
selected from a public secondary school and a university of applied science in the 
Netherlands. Due to the limited number of schools involved, participants may come from 
specific socioeconomic or ethnic backgrounds, which limits the demographic diversity of the 
sample.  

Moreover, our studies focussed on secondary school teenage students aged 11 to 15 years, 
thus ensuring the consistency of the research findings throughout multiple studies and 
increasing the credibility of our research results in this age group. However, it is important 
to note that our findings may not be directly generalisable to a wider age group or to 
secondary schools with distinct PE pedagogy or assessment criteria. 

Another limitation lies in the short duration of interactions with our DAF systems in the two 
field evaluation studies. The Shuttlezap evaluation involved a single time intervention with 
two conditions, while the FitBirds evaluation included one baseline and two intervention 
conditions over a period of three weeks. Both field evaluation studies offered limited 
interaction time for teenage students to explore our DAF systems, and such short-term studies 
may not fully capture long-term interactions, effects, or learning outcomes. Thus, the 
longitudinal effects of DAF systems on teenagers’ PA are not yet explored. This limitation 
led us to propose it as a potential area for future exploration in the next section.  

Additionally, evaluating the learning effects of technology in an educational setting can be 
disputable, such as addressing the learning outcomes of physical competence. This is due to 
the difficulty in distinguishing the effects of the intervention from other contextual learning 
influences such as teacher support, peer interaction, and the school environment. Thus, the 
generalisation of findings to the broader health and fitness community should be cautiously 
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considered, particularly when the research scope extends beyond teenage students, and PA 
in the PE context. 

6.4.2 Future Directions 

6.4.2.1 Researching the Long-term Use of DAF Systems in Teenager PA 
Experiences 

We have investigated how and to what extent a developmentally appropriate DAF system 
can enrich teenagers’ PA experiences in PE. Although the empirical findings in this thesis 
illustrate strong potential in this area, our research has not adequately addressed the long-
term effects of DAF.  

Future investigations should adopt a broader methodological approach, employ a balanced 
combination of qualitative and quantitative measurements and collect various data types 
from subjective to objective. By doing so, knowledge can be gathered to thoroughly assess 
the immediate and sustained impact of the DAF system on teenagers’ engagement in PA, 
their health improvements, and their learning outcomes in PE. Understanding long-term 
effects is important for developing PA interventions that can truly contribute to teenagers’ 
lifelong fitness and well-being. Furthermore, such research could provide valuable insights 
into how technology can be leveraged to facilitate motor learning in PE, potentially inspiring 
the integration of technological interventions in PE curriculum worldwide. 

6.4.2.2 Shaping a DAF Ecosystem for Better PA Experiences and 
Meaningful PE in the Real World 

This thesis presents two design examples of our envisioned DAF system with two types of 
technology integration. Shuttlezap uses embedded sensors to provide audio feedback on the 
behaviour patterns and performance of a group of players in physical play. Fitbirds utilises 
wearables and an on-site display to represent real-time heart rate data in gamified visual 
feedback for multi-players. However, each integration of technologies has its advantages and 
disadvantages. Both artefacts provide body-centric interaction experiences through 
embedded or wearable technologies. However, different feedback modalities and 
technological features differentiate sensory experiences and spatial distances between 
player-player and player-object interactions. 

As a result, there is the potential to shape a DAF ecosystem that incorporates various types 
of technologies that work together complementarily. A well-structured DAF ecosystem can 
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provide a rich layer of spatial-distance interactive experiences, covering near- and far-
sensing distances between player-player, player-object, and player-environment interactions. 
Additionally, the feedback modality can be more organically linked to the spatial distance of 
the interaction, the types of PA, and the content of the feedback, to optimise PA experiences 
of teenagers. 

Another direction to shape the DAF ecosystem is to bridge meaningful PE with the real-life 
essentials for teenagers. The relevant literature interprets meaningful PE as it conveys values 
that correlate with the ethos and culture that students experience in real life [406]. Therefore, 
the design of the PE curriculum needs to keep pace with the changing interests of today’s 
young people [135, 301, 406] to enhance the meaningfulness and relevance of PE at a broader 
societal scope, hence further pursuing a lifelong participation mission [133, 406].  

For instance, the participation of guardians, family members, and the community in teenagers’ 
daily PA can maximise health outcomes within and beyond their school day [148]. By 
incorporating various settings for PA interventions that extend beyond schools or 
communities, teenagers can better understand the significance of their learning outcomes. 
This approach also makes it more evident that they can relate their present PA experiences 
to their daily lives [20, 35, 101, 187, 211]. 

While expanding the DAF ecosystem to foster meaningful PE, it is essential to be mindful 
of how teenagers perceive feedback provided by PA technologies to avoid feedback being 
narrowly interpreted or misinterpreted. Research highlights the importance of collaboration 
among schools, PE curricula, sports programs, family members, and peers in assisting 
teenagers in developing a proper understanding of health-related knowledge and behaviours, 
such as perceptions of their health and bodies [126]. By addressing these interconnected 
factors, the DAF ecosystem can better support teenagers in adopting and maintaining an 
active, healthy lifestyle. 
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Appendices5 
Appendix A: Questionnaires and Interview Guide Addressed 
in Chapter 2 

A1. Pre-questionnaire 

Participant number:  Age:  

Gender:    Male    Female 

Is physical education 
your favourite subject?    Yes    No 

The level of your fitness 
among classmates?    Above average    Average    Below average 

A2. A Questionnaire Set for Shuttlezap Evaluation 

Motives for Physical Activities Measure-Revised (MPAM_R) [318] 

The following is a list of reasons why people engage in physical activities, sports, and 
exercise. Keeping in mind your primary physical activity/sport, respond to each question 
(using the scale given) on the basis of how true that response is for you. 

1. Because it’s fun. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

2. Because I like engaging in activities which physically challenge me. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

3. Because I want to obtain new skills. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

4. Because I want to be with my friends. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

5. Because I like to do this activity. 

 

5 All appendices are presented in English for the purpose of academic dissemination. Dutch translations 
are available from the author upon request. 
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Not at all true for me 1    2     3     4     5     6     7 Very true for me 

6. Because I want to improve existing skills. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

7. Because I like the challenge. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

8. Because it makes me happy. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

9. Because I want to keep up my current skill level. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

10. Because I like activities which are physically challenging. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

11. Because I like to be with others who are interested in this activity. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

12. Because I think it’s interesting. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

13. Because I want to meet new people. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

14. Because I enjoy this activity. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

15. Because I want to get better at my activity. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

16. Because I find this activity stimulating. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

17. Because my friends want me to. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

18. Because I like the excitement of participation. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 

19. Because I enjoy spending time with others doing this activity. 

Not at all true for me 1    2     3     4     5     6     7 Very true for me 
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Playful Experiences Questionnaire (PLEXQ) [43] 

Please respond to each of the following statements by selecting the number that best matches 
your experience. 

1= totally disagree; 2= disagree; 3= neither disagree nor agree; 4= agree; 5 = totally 
agree 

Only if you haven’t experienced the situation described in a particular statement, select “non 
applicable”. 

1. I felt a great need to share my experience with my friends 
……………………………………………………………………….     1      2      3      4      5      NA 

2. I enjoyed the visuals……………………………………………...    1      2      3      4      5      NA 

3. I enjoyed learning new things…………………………………...    1      2      3      4      5      NA 

4. I enjoyed manipulating others…………………………………...    1      2      3      4      5      NA 

5. I managed to master a task……………………………………....    1      2      3      4      5      NA 

6. I felt relieved from stress………………………………………...    1      2      3      4      5      NA 

7. It stimulated me to learn new things…………………………...     1      2      3      4      5      NA 

8. I felt competitive………………………………………………...      1      2      3      4      5      NA 

9. I felt curious………………………………………….……….….     1      2      3      4      5      NA 

10. I enjoyed doing things with it that others might disapprove of 
……………………………………………………………………....      1      2      3      4      5      NA 

11. I felt stressed…………………………………….………….….      1      2      3      4      5      NA 

12. I felt satisfied as if beating an opponent...........................……     1      2      3      4      5      NA 

13. I got rid of a burden...................................................................     1      2      3      4      5      NA 

14. I enjoyed discovering new things..............................................     1      2      3      4      5      NA 

15. I enjoyed succeeding.................................................................       1      2      3      4      5      NA 

16. I enjoyed competing against it.................................................       1      2      3      4      5      NA 

17. It made me laugh.......................................................................      1      2      3      4      5      NA 

18. I felt relaxed...............................................................................      1      2      3      4      5      NA 

19. I experienced funny situations..................................................      1      2      3      4      5      NA 

20. I felt angry...................................................................................     1      2      3      4       5      NA 

21. I forgot about my surroundings................................................     1      2      3      4       5      NA 

22. I enjoyed the suspense...........................................................….     1      2      3      4       5      NA 
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23. I lost track of time and space....................................................      1      2      3      4      5      NA 

24. I enjoyed creating things...........................................................      1      2      3      4       5     NA 

25. I felt malicious towards others...................................................     1      2      3      4       5     NA 

26. It was a true learning experience...............................................     1      2      3      4      5      NA 

27. I had the capability to influence what was happening 
.............................................................................................................     1      2      3      4      5      NA 

28. I felt powerful................................................................................    1      2      3      4      5      NA 

29. I was wasting my time................................................................      1      2      3      4      5      NA 

30. I enjoyed sharing my experience with others...........................     1      2      3      4      5      NA 

31. I enjoyed experimenting.............................................................     1      2      3      4      5      NA     

32. I had fun.......................................................................................     1      2      3      4      5      NA     

33. I felt completely absorbed...........................................................     1      2      3      4      5      NA     

34. I enjoyed following its development...........................................     1      2      3      4      5     NA   

35. I enjoyed passing time with it....................................................      1      2      3      4      5      NA     

36. I enjoyed doing socially unacceptable things............................     1      2      3      4      5      NA     

37. I felt it was taking care of me.....................................................     1      2      3      4      5      NA     

38. I enjoyed breaking the rules......................................................      1      2      3      4      5      NA     

39. I felt pleased by its aesthetics......................................................     1      2      3      4      5      NA     

40. I enjoyed trying out new things.................................................      1      2      3      4      5      NA     

41. I had an adrenaline rush............................................................      1      2      3      4      5      NA     

42. I enjoyed finding something unexpected..................................      1      2      3      4      5      NA     

43. I felt excited.................................................................................      1      2      3      4      5      NA     

44. I enjoyed finding useful new ways of using it...........................     1      2      3      4      5      NA     

45. It supported my identity.............................................................     1      2      3      4      5      NA     

46. I felt special..................................................................................     1      2      3      4      5      NA     

47. I enjoyed being in control...........................................................     1      2      3      4      5      NA     

48. It felt like friendship...................................................................      1      2      3      4      5      NA     

49. I enjoyed competing with myself...............................................      1      2      3      4      5      NA     

50. I enjoyed nurturing it..................................................................     1      2      3      4      5      NA     

51. I felt pleased by the quality of it. ...............................................     1      2      3      4      5      NA     
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A3. Semi-structured Interview Guide with Teenage Students 
Group 

Themes  Questions Prompts 

Playfulness • Does audio feedback influence your 
play experience?  

• For example, does it make you 
enjoy or dislike the activity?  

• If so, how and why? 

Social 
Relationships 

• Does audio feedback influence your 
relationship with team members?  

• For example, does it make you 
feel closer or disjoin with peers? 

• If so, how and why? 

Competence • Does audio feedback influence your 
physical performance? 

• For example, does it help you play 
better or worse? 

• If so, how and why? 

 

Appendix B. Interview Guides Addressed in Chapter 4  

B1. Semi-structured Interview Guide with Teenage Students  

Themes  Questions Prompts 

Demographics • Participant number: 
• Age: 
• Your school year in secondary school: 

 

• Gender: • Male / Female 

• The level of your fitness among classmates? • Above average / Average / 
Below average 

• Do you like physical education? • Like / Neutral / Dislike 

Feedback 
Timeliness 

• When would you prefer to receive feedback?  
• Is it during or after physical activity? 

• In each case, how do you 
feel about receiving 
feedback? 

• Can you explain why that 
is?    

Feedback 
Scale 

• What differences do you perceive in the 
feedback given to individuals (yourself), 
small groups (your team), and the entire 
class? 

• How often do you receive 
these three feedback scales? 
Can you rank them? 

• How meaningful / helpful 
do you find the feedback on 
each scale? 

• Can you explain why that 
is? 
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Feedback 
Provider 

• What kind of feedback do you usually receive 
from your PE teachers and classmates? 

• What are the similarities and differences? 

• How often do you receive 
feedback from each 
provider? 

• How useful / valuable do 
you find the feedback from 
each provider? 

• Can you explain why that 
is? 

• In which case would you like to give feedback 
to your classmates?  

• What kind of feedback 
would you give?  

• Can you give an example? 

• In which case do you prefer to receive 
feedback? 

• What kind of feedback do 
you want to receive?  

• Who do you want that 
feedback from? PE teachers 
or classmates? 

Feedback 
Expression 

• Which expression of feedback do you prefer 
to receive? 

• Positive feedback on your correct 
movements. 

• Neutral feedback that objectively describes 
your performance. 

• Negative feedback on your incorrect 
movements. 

• How do you feel about 
receiving each expression 
of feedback? 

• Can you give an example? 
• Why did you feel that way? 
• Who gave you that 

feedback? PE teachers or 
classmates? 

Feedback 
Experience 

• Do you perceive that certain feedback 
influences your physical activity experiences? 

• Can you give an example?  
• What did you feel?  
• Why did you feel that way? 
• Who gave you that 

feedback? PE teachers or 
classmates? 

• Is there a certain kind of feedback that makes 
you feel more fun, enjoyable, cheerful, or 
pleasant? 

• Is there a certain kind of feedback that makes 
you feel more socially connected / supported 
by your teammates, gain more friendships, 
or more engaged in the team? 

• Are there any other feelings or experiences 
you have had while receiving feedback? 

Feedback 
Form 

• What is your preferred form of feedback in 
physical education? 

• Visual feedback by showing pictures, videos, 
or body movements. 

• Verbal feedback, such as giving verbal 
instructions. 

• A combination of visual and verbal, or 
technology-enhanced multi-sensory 
feedback. 

• For example, in what form 
do you prefer to receive 
feedback? 

• Can you give an example? 
• Why did you feel that way? 
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Adoption and 
Perceptions of 
PA 
Technologies 

• Have you used any technology or electronics 
to receive feedback on your physical activity? 

• If yes, what is it and why do you use it? 
• Which part (function / appearance / 

experience) do you like / dislike most? Why? 
• Do you use it with friends / family members 

/ or alone?  
• Inside or outside of school?  

• e.g., Sports watch; Activity 
tracker; Smartphone fitness 
apps such as Pokemon Go; 
Sports games such as Just 
Dance on Xbox, Switch, or 
Wii sports devices and so 
on. 

B2. Semi-structured Interview Guide with Physical Education 
Teachers  

Themes  Questions Prompts 

Demographics • Gender: • Male / Female 

• Participant number: 
• How many years of teaching 

experience do you have as a secondary 
physical education teacher? 

• What school years (grades) have you 
taught in secondary physical education? 

 

Feedback 
Timeliness 

• What are the differences between the 
feedback provided during and after 
physical activity? 

• Do you feel any challenges in 
providing each of the feedback? 

 

• Why do you give feedback to students 
while they are doing physical activity? 

• What is the feedback about?  
• Can you explain why that is? 

• Why do you give feedback to students 
after they have completed a physical 
activity? 

Feedback 
Scale 

• How often do you give feedback to 
individuals, small groups, and the 
entire class? Can you rank them? 

• What is the focus of each 
feedback scale? 

• Do you feel any challenges in 
providing each of the feedback 
scales? 

• Can you explain why that is? 

Feedback 
Provider 

• What are the advantages and 
disadvantages of feedback from PE 
teachers and classmates? 

• What are the different values of 
each? 

• Do you feel any challenges in 
providing each of the feedback? 

• What kind of feedback do you usually 
give students? 

• In which case do you give 
feedback to the students? 

• Can you explain why that is? 
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• What kind of feedback do students 
usually give each other? 

• In what case would you have 
students give feedback to each 
other? 

• Can you explain why that is? 

Feedback 
Expression 

• What difference do you think it makes 
to give students positive, neutral, or 
negative feedback? 

• Positive feedback on correct movement. 
• Neutral feedback that objectively 

describes one’s performance. 
• Negative feedback on incorrect 

movement. 

• In what case would you choose to 
give students positive, neutral, or 
negative feedback? 

• Do you feel any challenges in 
providing each of the feedback 
expressions? 

• Can you explain why that is? 

Feedback 
Experience 

• Do you observe that certain feedback 
influences students’ experience in 
physical activity? 

• Can you give an example?  
• Why do you think that way? 
• Who gave the students that 

feedback? PE teachers or 
classmates? 

• What kind of feedback increases 
student’s fun, enjoyment, cheerful or 
pleasant experiences? 

• What kind of feedback increases 
students’ social connection with 
classmates, makes them feel more 
socially supported, and more involved 
in the group? 

• What other experiences do you observe 
students have while receiving feedback? 

Feedback 
Form 

• What form of feedback do you usually 
provide to students?  

• In visual / verbal / combined / or 
multi-sensory form? 

• How do you think that electronics / 
interactive technologies can help you 
give feedback to students in physical 
education? 

• For example, in what form and 
in what situation do you prefer to 
give feedback? 

• Can you give an example? 
• Do you feel any challenges in 

providing each of the feedback 
forms? 

 

Adoption and 
Perceptions of 
PA 
Technologies 

• Have you used any technology or 
electronics to receive feedback on your 
physical activity / to monitor students’ 
performance in physical education?  

• If so, what is it and why do you use it? 
• Which part (function / appearance / 

experience) do you like / dislike most? 
Why? 

• Do you use it with friends / family 
members / or alone?  

• Inside or outside of school? 

• e.g., Sports watch; Activity 
tracker; Smartphone fitness apps 
such as Pokemon Go; Sports 
games such as Just Dance on 
Xbox, Switch, or Wii sports 
devices and so on. 
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B3. Semi-structured Interview Guide with Physical Education 
Teacher Educators 

Themes  Questions Prompts 

Demographics • Participant number: 
• Gender: 
• How many years of teaching 

experience do you have as a secondary 
physical education teacher educator? 

• What is your current academic 
qualification? 

• Male/ Female 

 

Learning 
Goals in 
Physical 
Education 

• What are the main goals of giving 
students feedback in physical 
education? Especially for teenagers of 
11 to 15 years old?                              

• For instance, to improve motor 
skills? to develop social skills? or 
to practice organising ability? 

Feedback 
Timeliness 

•  What are the differences between the 
feedback provided during and after 
physical activity? 

• What do you think should be the 
pedagogical focus of each? 

• What suggestions do you have 
for PE teachers to give such 
feedback? 

• What else do you think is 
important to consider? 

Feedback 
Scale 

• Physical education teachers give 
feedback to individuals, small groups, 
or the entire class.  

• What do you think are the differences 
between the feedback for each scale?  

• How would you suggest that the 
physical education teacher balance the 
feedback between each scale?  

• What else should a physical 
education teacher consider when 
giving feedback on different 
scales? 

• The PE teachers mentioned that they 
would like to give personalised 
feedback to individuals during the 
class, but they think it is too 
challenging due to the limited time and 
the large number of students.  

• What are your suggestions for 
this challenge? 

Feedback 
Provider 

• What are the advantages and 
disadvantages of feedback from PE 
teachers and classmates? 

• What are the different values / roles of 
the feedback from each provider? 

• What suggestions do you have 
for PE teachers to balance 
feedback from each provider? 
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Feedback 
Expression 

• What influences do you think positive, 
neutral, and negative feedback has on 
students? 

• How would you suggest that physical 
education teachers give each feedback 
expression? 

• For instance, influences on 
performance, feeling, attitudes 
towards physical activity? 

• For instance, in which case do 
you suggest giving each 
feedback expression? 

Feedback 
Experience 

• We know from literature that students’ 
experiences in physical education will 
influence their motivations to 
participate in physical activity. 

• How should a physical education 
teacher use feedback to increase 
students’ enjoyment experiences. Like 
fun, pleasant, cheerful? 

• How should a physical education 
teacher use feedback to increase 
students’ social experiences? Like 
socially supported, more engaged in the 
group, connected with others? 

 

Feedback 
Form 

• We found that physical education 
teachers usually give feedback by 
speaking or showing body movements, 
some of them will also use pictures, 
white boards, and recorded videos to 
facilitate giving feedback.  

• How do you suggest that physical 
education teachers give more enriched 
forms of feedback to their students?  

• Such as combine visually and 
verbally, or by using multi-media 
technologies.  

• From a pedagogical perspective, 
what benefits do you think 
enriched forms of feedback 
would bring to motor learning? 

 

• Currently, PE teachers usually provide 
feedback through the observation of 
students’ performance in the field. 

• How do you think activity tracking 
technologies can help physical 
education teachers better understand 
students’ performance and provide 
better feedback? 

• For example, knowing changes in 
students’ real-time physiological 
data. 

Adoption and 
Perceptions of 
PA 
Technologies 

• Sensing and tracking technologies are 
commonly used in personal health and 
sports, how do you think they can be 
applied more frequently in physical 
education?  

• Have you ever heard / used 
technologies for physical education? 

• Can you envision what physical 
education will look like in the next 20 
years? 

• How do you think technology can 
play a role in helping PE teachers 
provide better feedback to their 
students？ 

• Which part (function/ 
appearance / experience) do you 
think is promising?  

• Do you have any concerns? 
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Appendix C. Questionnaires, Interview Guides, and Posters 
Addressed in Chapter 5. 

C1. Pre-questionnaire 

Participant number:  

Resting heart rate:  Age:  

Gender:         Male        Female 

The level of your fitness 
among classmates? 

        Above average        Average        Below average 

Do you like physical 
education?         Yes, I like        Neutral        No, I don't like it 

How often do you engage in 
leisure-time physical 
activity? 

         Daily         Weekly        Monthly        Rarely 

C2. A Questionnaire Set for FitBirds Evaluation 

Participant number: 

Type of 
activity: 

       Video Tutorial        FitBirds Competition        FitBirds Cooperation 

Borg Rating of Perceived Exertion Scale (Borg RPE) [405] 

Please choose the number 0 to 10 from below, to describe how heavy and strenuous you felt 
of doing the physical activity with Video Tutorial / with FitBirds game? 

Level of exertion Score 
No exertion at all 0 

Very light 1 
Light 2 

Moderate 3 
Sort of hard 4 

Hard (heavy) 
5 
6 

Very hard 
7 
8 

Very, very hard 9 
Maximal exertion: just like my hardest effort. 10 
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Physical Activity Enjoyment Scale (PACES) [179] 

Please answer the following questions by circling the relevant number. In particular, how 
you felt of doing physical activity with the Video Tutorial / with the FitBirds game? 

When I am physically active... Disagree 
a lot 

Disagree I am not 
sure 

Agree Agree a 
lot 

1.  I enjoy it 1 2 3 4 5 

2.  1 feel bored 1 2 3 4 5 

3.  I dislike it 1 2 3 4 5 

4.  I find it pleasurable 1 2 3 4 5 

5.  It’s no fun at all 1 2 3 4 5 

6.  It gives me energy 1 2 3 4 5 

7.  It makes me sad 1 2 3 4 5 

8.  It’s very pleasant 1 2 3 4 5 

9.  My body feels good 1 2 3 4 5 

10.  I get something out of it 1 2 3 4 5 

11.  It’s very exciting 1 2 3 4 5 

12.  It frustrates me 1 2 3 4 5 

13.  It’s not at all interesting 1 2 3 4 5 

14.  It gives me a strong feeling of 
success 1 2 3 4 5 

15.  It feels good 1 2 3 4 5 

16.  I feel as though I would rather be 
doing something else 1 2 3 4 5 

Social Presence in Gaming Questionnaire (SPGQ) [197] 

While doing physical activity with the Video Tutorial / with the FitBirds game, please 
indicate how you felt your relationship with your classmates for each of the items? Use the 
scale: 

 Not at all Slightly Moderately Fairly Extremely 

1. When the others were 
happy, I was happy 0 1 2 3 4 

2. I influenced the mood of the 
other(s) 0 1 2 3 4 
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3. My actions depended on the 
other’s actions  0 1 2 3 4 

4. When I was happy, the 
others were happy  0 1 2 3 4 

5. I was influenced by the 
other(s) moods  0 1 2 3 4 

6. The other's actions were 
dependent on my actions  0 1 2 3 4 

7. I empathized with the 
other(s) 0 1 2 3 4 

8. I felt revengeful  0 1 2 3 4 

9. What the others did affected 
what I did  0 1 2 3 4 

10. I felt connected to the 
other(s) 0 1 2 3 4 

11. I felt schadenfreude 
(malicious delight) 0 1 2 3 4 

12. What I did affected what 
the other did  0 1 2 3 4 

13. I admired the other(s) 0 1 2 3 4 

14. I felt jealous of the other  0 1 2 3 4 

15. The other paid close 
attention to me  0 1 2 3 4 

16. I found it enjoyable to be 
with the other(s) 0 1 2 3 4 

17. I paid close attention to the 
other 0 1 2 3 4 

Perceived Competence Scale for Learning (PCS-L) [289] 

Please indicate how true it is for you with respect to your learning experiences in this physical 
activity with Video Tutorial / with FitBirds game? Use the scale: 

 Not 
at all 
true 

  Some
what 
true 

  Very  
true 

1. I feel confident in my ability to learn 
this knowledge. 

1 2 3 4 5 6 7 



 230 

2. I am capable of learning the knowledge 
in this physical activity. 

1 2 3 4 5 6 7 

3. I am able to achieve my goals in this 
physical activity. 

1 2 3 4 5 6 7 

4. I feel able to meet the challenge of 
performing well in this physical activity. 

1 2 3 4 5 6 7 

C3. Semi-structured Interview Guides  

Semi-structured Interview with Teenage Students Group 

Type of 
Activity FitBirds Cooperation Condition FitBirds Competition Condition 

Themes  Questions Prompts 

Overall 
Experiences 

• You just played Fitbirds as a 
team / against each other, how do 
you feel about this game?  

• In what way do you like / dislike it? 
• Why is that? 

Enjoyment 
Experiences 

• Is this team game / competition 
game a kind of fun for you?  

• Do you enjoy this game? 

• Which part of the game brings you the 
most happiness? 

• What makes you feel that? 
• Because of? 

Social 
Experiences 

• How do you relate to others in 
this team game / competition 
game?  

• Do you talk or interact with others 
more or less? 

• Why is that? 
• Could you talk more about it? 

Learning 
Experiences 

• How do you think your 
performance in this cooperation 
/ competition game?  

 

• How helpful or helpless is this team 
game / competition game in telling the 
changes of your physical intensity? 

• How helpful or helpless is this team 
game / competition game for you to 
keep the recommended intensity 
level (within blue clouds)? 

• Why do you think of that? 
• Why do you feel like that? 

Advantages 
and 
Disadvantages 

• What other benefits or 
potentials do you think this 
team game / competition game 
can bring to you? 

• What other aspects do you wish this 
team game / competition game to have? 
Or to be improved? 

• Could you talk more about that? 

One Extra 
Question for 
the Last 
Condition 

• You have played FitBirds both 
as a team and against each other. 
Which part of one version do you 
prefer more than the other 
version?  

• Why do you think about that? 
• Could you talk more about that? 
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Semi-structured Interview Guide with Physical Education Teachers 

Themes  Questions Prompts 

Student 
Motivation  

• How do you observe the 
motivation and activeness of the 
students in participating in this 
game?  

• What are the differences between 
students playing two game modes? 

Students’ 
Social  
Interaction 

• How do you observe students’ 
social interactions in this game?  

• Such as the way they interact / talk 
with each other? 

• What are the differences between 
students playing two game modes? 

Students’ 
Learning 
Process  

• What do you think of the 
intensity information display in 
Fitbirds? Why is it useful or why 
not? 

• How well do you think students 
understand different intensity 
levels? 

• How well do you think students 
maintain the recommended 
intensity level?  

• What are the differences between 
students playing two game modes? 

FitBirds in 
Physical 
Education 

• How do you think of the FitBirds 
game for the physical education 
curriculum?  

• What are the benefits and 
opportunities to incorporate FitBirds 
into the physical education curriculum?  

• What are the risks and obstacles to 
incorporate FitBirds into the physical 
education curriculum? 

Digitally 
Augmented 
Feedback in 
Physical 
Education 

• In general, what would it take for 
a feedback system like FitBirds 
to fit within the physical 
education curriculum?  

• E.g., a feedback system with gamified 
feedback, real-time data, interactive 
technology. 

• What do you expect the digital 
feedback system to be like in the 
future? 
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C4. Posters used for the FitBirds Field Evaluation  

The following posters were displayed at the FitBirds field evaluation site to explain the 
evaluation process and content to participants. 

 
Figure C4.1. A poster describing the evaluation process of the Video Tutorial condition. 

 

Figure C4.2. A poster describing the evaluation process of the FitBirds Competition condition. 
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Figure C4.3. A poster describing the evaluation process of the FitBirds Cooperation condition. 

 

Figure C4.4. A poster describing the FitBirds game rules. 
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