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In the health domain, patients often need to adopt and maintain behaviors that are tedious, unpleasant, or even painful, such as taking medication regularly, being more physically active, or maintaining a diet. Behavior change technologies (BCTs) can play a crucial role in instilling change and maintaining healthy behaviors. One psychological theory to guide the design of BCTs is Self-Determination Theory (SDT). However, researchers within Human-Computer Interaction (HCI) struggle with its application, as the field lacks a shared understanding and reflection on the use of SDT. We present two HCI research projects in the health domain and reflect on the role SDT played in their implementation. Through a comparative analysis, we found that SDT was helpful in providing an analytical focus and guiding quantitative evaluations. However, its adaptation to qualitative methods and explicit design guidelines presents difficulties. Our reflection underscored the potential of SDT as both a theoretical lens and practical design tool for developing autonomy-supportive health technologies.
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1 Introduction

The health domain is struggling with patient adherence to prescribed therapies (Celano et al., 2020; Enemchukwu et al., 2022; Glombiewski et al., 2012) and other forms of health-related behaviors, such as maintaining physical activity. A primary barrier is that these behaviors are rarely enjoyable in themselves, but can be rather tedious, unpleasant, or even painful, particularly during treatment and rehabilitation processes (Rice et al., 2019). Nevertheless, patients must adopt and maintain these behaviors for the sake of their health and recovery. Health behavior change technologies (BCT) have emerged as promising tools to optimize treatment outcomes and improve adherence, forming a distinct and growing domain within Human-Computer Interaction (HCI) (Aldenaini et al., 2020; Hekler et al., 2013).

Treatment adherence, understood as the long-term maintenance of recommended health behaviors, represents a complex biopsychosocial phenomenon shaped by interrelated biological, psychological, and social factors. While elements such as disease severity, family support, and socioeconomic status all play an important role, adherence is frequently attributed to the patient's motivation and self-efficacy. Consequently, research on BCT increasingly focuses on how to foster and sustain motivation to achieve sustained behavioral engagement.

One of the most influential theoretical frameworks for understanding motivation is Self-Determination Theory (SDT, Ryan and Deci, 2000), which posits that autonomous motivation, i.e., motivation that stems from personal volition and alignment with one's values, is the optimal driver of behavior (Cercos and Mueller, 2013; Tamborini et al., 2010). Substantial empirical evidence supports the beneficial effects of autonomous motivation on health-related behaviors (e.g. Ryan and Deci, 2017b; Wilson et al., 2006). In addition to improving performance quality, persistence, and well-being (Roth, 2019; Ryan and Deci, 2017b; Ntoumanis et al., 2021). However, much of this research has been conducted in human-to-human contexts, often neglecting a core aspect of HCI, the interaction with technology itself.

Although SDT has been increasingly adopted as a theoretical foundation within various HCI domains, such as games, health, education, and general behavior change, researchers and designers continue to face difficulties in applying SDT effectively in technological interventions. A review of how SDT has been applied in HCI games research revealed an overly descriptive and superficial use of the theory (Tyack and Mekler, 2020, 2024). Alberts et al. similarly observed that SDT is more often utilized to optimize user engagement with the technology, rather than to foster genuine behavior change itself (Alberts et al., 2024).

Despite SDT's strong empirical foundation and increasing use in HCI, there is a lack of systematic reflection and critical evaluation on how SDT is applied in technological interventions. To illustrate, Zhao and colleagues present a deep analysis of older adults use of technology for meaningful activities during the Covid-19 pandemic and derived design implications to enhance basic psychological need satisfaction but did not reflect on the theoretical implications of SDT in their approach (Zhao et al., 2023). In contrast, Aufheimer and colleagues provided a more integrated use of SDT by analyzing the work of physiotherapists through the lens of basic psychological need satisfaction and aligning it with strategies used in game design for physical therapy. Importantly, they discussed how SDT could serve as a framework for structuring therapeutic sessions, illustrating the potential for more systematic and theory-driven approaches to motivation in applied health contexts (Aufheimer et al., 2023).

Despite such promising examples, the lack of reflective, practice-based insights remains a major limitation in the field. There is a need for more retrospective analyses that examine how SDT is applied in design and evaluation processes, identify pitfalls and opportunities, and generate a shared understanding of best practices for integrating SDT into the design and evaluation of technological interventions. Researchers who have employed SDT in their projects are uniquely positioned to provide such reflections, offering both practical insights for technology design and conceptual feedback to SDT itself.

To address this gap, the present paper contributes a comparative analysis of two applied research projects in the health domain that utilized SDT as a guiding theoretical framework. Through this analysis, we aim to (1) examine how SDT has been applied in our technological health interventions, (2) identify opportunities and challenges in its practical use, and (3) propose directions for a more systematic and productive integration of SDT in HCI research. By doing so, this work seeks to foster a more critical and reflective dialogue on how motivational theory can inform the design of autonomy-supportive digital health technologies that enhance long-term treatment adherence and well-being.



2 Background


2.1 Self-determination theory

SDT is a comprehensive framework of human motivation, development, growth and well-being. It explores how social and contextual factors can either promote or hinder an individuals' sense of volition, motivation and psychological growth (Ryan and Deci, 2000, 2020). Developed by Edward Deci and Richard Ryan in the 1970s and 1980s (Vansteenkiste et al., 2010), SDT has become one of the most prominent and empirically supported theories of human motivation and well-being, explaining why people engage, participate, and exert effort in activities (Ryan and Deci, 2000, 2020) across various domains, such as education, work, parenting, health, and HCI (Ryan et al., 2006; Ntoumanis and Moller, 2023; Moller et al., 2023; van der Kaap-Deeder et al., 2017; Reeve and and, 2021; Tyack and Mekler, 2020).

SDT is structured into six interrelated mini-theories that together form an evolving macro-theoretical framework (Ryan and Deci, 2019, 2020). Vansteenkiste et al. compared this ongoing theoretical development with the assembly of a puzzle, with new conceptual pieces continually added through empirical research (Vansteenkiste et al., 2010). See Figure 1 for an overview of the different mini-theories of SDT.


[image: Flowchart titled “Self-Determination Theory” displaying six connected theories: 1. Cognitive Evaluation Theory (CET) from the 1970s, addressing intrinsic motivation. 2. Organismic Integration Theory (OIT) from the mid-1980s, discussing extrinsic motives and autonomy. 3. Causality Orientations Theory (COT) from the 1980s, exploring motivation orientations. 4. Basic Psychological Needs Theory (BPNT) from the 2000s, focusing on autonomy, competence, and relatedness. 5. Goal Content Theory (GCT) from around 2000, analyzing life goals and psychological needs. 6. Relationships Motivation Theory (RMT) from 2006, emphasizing the importance of autonomy and relatedness.]
FIGURE 1
 An overview of the six SDT mini-theories that make up the current SDT framework (based on Ryan and Deci (2019)).


At its core, SDT differentiates between autonomous and controlled motivation. Autonomous motivation refers to engaging in an activity out of personal choice and genuine interest, while controlled motivation is driven by internal or external pressures. The satisfaction of the three basic psychological needs—autonomy, competence, and relatedness—is central to fostering self-determined forms of motivation and psychological well-being (Ryan and Deci, 2017b). This distinction between autonomous and controlled motivation makes SDT particularly valuable for understanding how individuals adopt and maintain health-related behaviors and how technology can effectively support them.


2.1.1 SDT and health behavior change

SDT has been widely applied in health care, as it represents a particularly valuable context to examine autonomy and adherence (Ryan and Deci, 2017a). A substantial body of research links SDT-based constructs—particularly autonomous motivation and perceived competence—to physical and psychological health outcomes (Ng et al., 2012; Ryan and Deci, 2017a). For instance, Williams et al. (1996) showed that autonomous regulation was a predictor of both exercise adherence and retention in a 6-month weight-loss program, with effects lasting beyond a year. Brunet et al. (2015) found that autonomous motivation was associated with higher levels of physical activity and positive affect, while controlled motivation was correlated with negative affect and depressive symptoms. Similarly, Segatto et al. (2013) observed that only autonomous forms of self-regulation predicted recovery-related physical activity, whereas external and introjected regulation did not.

Although such studies highlight the potential of SDT to enhance health motivation and outcomes, a recent meta-analysis noted that the effects of SDT-informed interventions on actual health behavior are modest and can be overestimated due to small-study bias (Ntoumanis et al., 2021). These interventions tend to show stronger short-term psychological benefits–such as increased motivation or need satisfaction–than long-term behavioral change (in follow up studies). These findings imply that, although interventions can demonstrate an increase in motivation, there is still a gap between psychological improvement and a lasting change in behavior.

To address this gap, researchers have begun to explore other SDT constructs such as internalization (Organismic Integration Theory, OIT), intrinsic aspiration (Goal Content Theory) and causality orientation to understand health-related lifestyles and risks in a wider context of aspirations and life values (Ryan and Deci, 2017a), see Figure 1. OIT offers a detailed account of extrinsic motivation and the process by which externally regulated behaviors can become internalized and self-endorsed (Ryan and Deci, 2017b; Høeg and Van der Kaap-Deeder, 2024). It distinguishes between external, introjected, identified and integrated forms of regulation, illustrating a continuum from controlled to autonomous motivation (Ryan and Deci, 2000). In health contexts where behaviors such as rehabilitation or treatment adherence are often externally prescribed and rarely intrinsically enjoyable (Eilert et al., 2020), OIT provides a particularly promising theoretical lens. It explains how such behaviors, though initially externally motivated, can become personally meaningful and autonomously maintained over time, making it highly relevant for the design of interventions seeking lasting behavior change.



2.1.2 SDT and behavior change technologies

In parallel, digital technologies have become central to efforts to support and influence health behavior. In recent years, HCI researchers and industry developers have increasingly turned their attention toward creating systems explicitly aimed at shaping behavior (Rapp and Boldi, 2023; Alberts et al., 2024). These systems—commonly referred to as persuasive technologies (Fogg, 2002), BCT (Hekler et al., 2013), or mobile health (mHealth) (Molina et al., 2023) - employ interactive techniques such as reminders, rewards, and performance tracking to encourage or discourage specific behaviors (Rapp and Boldi, 2023). Exertion games (exergames) can also be considered a form of persuasive technology or BCT as they often seek to encourage and sustain physical activity through game-like features. However, for consistency, we adopt the term BCT in this article when collectively referring to these systems.

BCTs have demonstrated notable success (Hamari et al., 2014), for example, in avoiding smoking (Li et al., 2025), weight loss (Protano et al., 2024), and maintaining physical activity (Sullivan and Lachman, 2017). Yet, despite these short-term gains, a growing body of research has questioned whether technologies based on this approach can produce lasting behavior change and maintain user engagement over time (Rapp and Boldi, 2023; Alberts et al., 2024). Although SDT has occasionally been employed as a guiding theory in the design of BCTs, its use remains inconsistent. In their review, Alberts et al. (2024) found that only 15 of the 76 screened studies explicitly applied SDT, and many of these studies conflated constructs of CET and OIT, focusing predominantly on intrinsic motivation while neglecting the wider spectrum of extrinsic motivational processes (Alberts et al., 2024).

This oversight is notable given that OIT offers particular promise for BCT design. OIT's conceptualization of how extrinsic motivation can gradually internalize makes it uniquely suited for understanding and designing technologies that support long-term adherence. Alberts et al. (2024) identify two main SDT-based design approaches. We refer to these, following their reasoning, as engagement-focused and internalization-focused approaches.

(1) Engagement-focused approaches, aim to enhance intrinsic motivation and enjoyment by supporting autonomy, competence, and relatedness (typically based on CET and BPNT).

(2) Internalization-focused approaches, grounded in OIT, use technology as a scaffold for self-reflection value-alignment, helping users to transform externally motivated behaviors into self-determined ones. Engagement is not a goal in itself, and users are expected to become self-determined and less reliant on the technology.

Most current BCTs follow the first approach, emphasizing short-term engagement through gamification and feedback. However, Alberts et al. (2024) argue that internalization-focused approaches, although less common, are more likely to yield a sustainable change in health behavior. This highlights a major opportunity for integrating OIT more systematically into HCI and BCT design research.




2.2 Theoretical practices of SDT in HCI

Despite SDT's increasing application in HCI, its theoretical use remains scattered and conceptually fragmented (Tyack and Mekler, 2020; Ballou et al., 2022). Many studies adopt only selected constructs, such as intrinsic motivation, without engaging with SDT as an integrated framework. This selective use limits the field's ability to build cumulative knowledge and refine theoretical understanding.

Work in other theoretical traditions within HCI demonstrated the benefits of systematic synthesis. For instance, Clemmensen et al. (2016) developed a taxonomy of Activity Theory applications in HCI, clarifying how researchers employ the theory and identifying recurring interpretive challenges such as the use of selective constructs. Similar fragmentations have been observed in SDT-based HCI research (Tyack and Mekler, 2020). This suggests that comparable meta-level reflection is needed to consolidate and strenghten SDT's theoretical foundation within the field.

Following Hekler et al. (2013), we agree that researchers applying SDT are not merely users of theory, but contributors to its ongoing development. Each empirical application generates insights that collectively enrich the theoretical corpus of SDT-informed HCI research. Moreover, such reflection can identify conceptual tensions or ambiguities that warrant further theoretical elaboration. Bennett and Mekler's work on hedonic amotivation, which challenges the assumption that intrinsic motivation is universally positive, exemplifies how applied research can contribute to theoretical refinement (Bennett and Mekler, 2024).

Nevertheless, this kind of retrospective theorizing remains rare in HCI. As (van Berkel and Hornbæk 2023) argue, the advancement of theory in the field requires researchers to explicitly articulate the theoretical implications of their findings. In response to this call, the present work contributes a reflective analysis of the application of SDT in two healthcare projects. Through this, we aim to advance a shared understanding of best practices for integrating SDT, and particularly OIT, into the design of digital health technologies.




3 The application of SDT: two examples

To understand the challenges that must be overcome for a more fruitful application of SDT in HCI, and especially in technology for health, we present two projects that applied SDT. In the following sections, we ourselves will do a retrospective reflection on the use of SDT in our projects. We will elaborate on the role of SDT in specific steps of the projects and reflect on opportunities, as well as challenges that its application has brought to the projects. The first project (A) used SDT as a guiding theory in its design process, and in the second project (B), SDT-based measures were used to assess the project's goal of promoting intrinsic motivation. Although neither project exemplifies perfect integrated use of SDT, both illustrate a growing understanding and integration of SDT's theoretical concepts over the course of the project. In some cases, only subsequent reflection revealed the role of SDT in the specific project step. Thus, our insights on SDTs role were different during the projects themselves.


3.1 Project A: a persuasive environment for increased physical activity in knee osteoarthritis
 
3.1.1 Aim and objectives—conceptually driven by SDT

Project A addressed helping knee osteoarthritis (OA) patients develop a joint-sparing and active daily routine to delay possible knee surgery. The emphasis was placed on maintaining physiotherapy exercises beyond the period of active therapy, as physical activity is a key therapy for OA (Rice et al., 2019). The goal was to design a persuasive environment (e.g. sensors, Internet of Things, app) for the everyday life of patients. SDT already played a role in the conceptual orientation of the project (Figure 2). For the design of the persuasive environment, interactive technology was thought to shape new healthy practices, which required a user-centered, sensitive strategy that explicitly seeks the balance between wellness and potential discomfort. We wanted the persuasive environment to respect and promote self-determination of patients so that they feel comfortable maintaining their health behaviors without feeling patronized by medical professionals or their illness.


[image: Project progression flowchart displaying four stages titled: “Identifying SDT in lived experiences,” “Tilt research aim towards OIT,” “Informing concept design with OIT,” and “Challenges in study design.” Key points include focusing on autonomy, integration of OIT, and study design challenges. Influences and applications of Basic Psychological Need Theory (BPNT) and Organismic Integration Theory (OIT) are described, emphasizing self-determination, patient health journeys, and technological design.]
FIGURE 2
 Project process of Project A and the role of SDT in its project steps.




3.1.2 Exploration—Similarities in interview results and OIT

To create a better understanding of the situation of knee osteoarthritis patients, we conducted a qualitative interview study (Eilert et al., 2020). We aimed to determine how OA patients adopt and maintain beneficial physical activity practices during the course of their OA. The goal was to better understand successful motivational strategies in the real world. We recruited 10 “positive practitioners” (Klapperich et al., 2018) (7 women, 3 men; aged 52–76; median age: 58), people diagnosed with OA who believe they have developed an enjoyable, meaningful and sustainable practice of physical activity, to serve as inspiration for (re)designing the practices of “non-positive practitioners”. The recruitment was carried out through a German company with several physiotherapy and medical training centers in North-Rhine-Westphalia. Although methodologically, SDT did not play a significant role, as we asked for the “what”, “how” and “why” of a practice (Klapperich et al., 2019; Shove et al., 2012), we found that the journey these individuals underwent resembled the different types of regulation along the continuum of autonomy described by OIT (Ryan and Deci, 2017b). Our analysis revealed a journey of regaining autonomy and successful internalization - from initial loss of autonomy as a consequence of diagnosis, to controlled motivation through prescribed therapies and exercise regimens, and finally to a new state of autonomy with internalized routine physical activity practices.



3.1.3 Design and development—Adapted OIT used as design approach

Recognizing the similarities with OIT during the interviews, we engaged more deeply with the theory. It advanced our knowledge of the motivating context in which patients find themselves when dealing with a chronic condition. This is why we sought to leverage OIT as a theoretical basis to help us create our subsequent persuasive environment. Not only because it validated our interview results, but also because it is argued that better use of behavioral and motivational theories as a basis for the design of BCTs will increase their effectiveness (Glanz and Bishop, 2010; Taylor et al., 2012). Thus, based on OIT, we wanted to gradually support and accompany patients in their journey from external to integrated regulation, thus fostering long-lasting physical activity practices. Although “autonomy support” has received broader attention in HCI (e.g., Deterding, 2016), we did not see the gradual journey we found in our interviews supported by designs for behavior change in HCI. Instead, joy, fun, and gamification predominate, along with other behavioral theories such as the transtheoretical model (Prochaska and Velicer, 1997; Prochaska and Diclemente, 2005) or the theory of planned behavior (Ajzen, 1991). Looking into SDT research helped to get inspiration (e.g. Hagger and Protogerou, 2020; Teixeira et al., 2020), but was not always easily transferable to technology design. For example, using the strategy “empathic listening“ to support autonomy can be implemented in interpersonal but not technological interventions.

In the end, we adjusted OIT by considering only one transition at a time to decompose OIT into a stepwise approach, instead of designing for the whole internalization process. Technology is thus positioned between the types of regulation as a transformational technology to facilitate the shift toward greater internalization (Gerstenberg et al., 2024). Even though this strategy is not fully consistent with the theoretical foundation as SDT does not view motivation in a stepwise fashion, it offered us the possibility of breaking down the complex internalization process into smaller units for design. Consequently, we developed concepts that each only targeted one transition, for instance, identification (introjected to identified) (see Gerstenberg et al., 2023 as an example for the transition of integration). Upon subsequently customizing them to a patient's position on their motivational journey; each technology shall facilitate greater internalization from this point forward. Consequently, the internalization process is approached through stepwise technological interventions. Figure 3 illustrates this theoretical adaptation of OIT to the Framework of Technology-Mediated Regulatory Transformation.


[image: Flowchart illustrating the process of external regulation transitioning to integrated regulation. It includes three stages: Introjection, Identification, and Integration, each with transitional processes like feedback, goal creation, and value recognition. “BCT” circles indicate points where the design is informed, with arrows showing self-regulatory transformations between stages.]
FIGURE 3
 The framework of technology-mediated regulatory transformation: behavior change technologies (BCT) are positioned between regulation types to trigger self-regulatory transformation toward a more autonomous type of regulation. For more information see Gerstenberg et al. (2024).


In summary, although OIT guided our design approach, its abstract nature made it difficult to apply directly to specific design decisions. It remains rather vague in its descriptions of the psychological mechanism of different types of regulation. Open questions remain, for instance, what will a person do to internalize a behavior and what happens during a change of regulation types?



3.1.4 Evaluation and findings—In search for tools to customize according to OIT

In light of this design approach and as a means of exploring whether and how our concepts can help patients with OA become more autonomous in their physical activity practices, we conducted exploratory field studies with the different transitional interactive prototypes we created (see Figure 4 for an overview). Thus, we needed a way to classify the participant's positions in their OA journey to offer them the appropriate prototype. Our idea was to assign patients a “predominant” regulatory type to give them the design that targeted the transition that follows their predominant regulatory type. However, the concept of a predominant regulation type is a new idea, and thus there is no instrument for this purpose yet. Therefore, we looked for scales that measure the different forms of regulation, such as the Behavioural Regulations in Exercise Questionnaire (BREQ3, Wilson et al., 2006). BREQ3 focuses on behavioral regulation in physical activity, but has not been used to define a “predominant” type of regulation. Therefore, we used BREQ3 to calculate the Relative Autonomy Index (RAI), a single score calculated by weighting and summing the subscale scores, providing an index of the extent to which respondents feel self-determined. We adapted the RAI insofar that we divided it into six equal-sized sections for the six types of regulation (amotivation to intrinsic). We then assign the participants to the type of regulation according to their RAI. For example, when the range of RAI would be from -24 to +24, a person with a RAI between -24 and -16 would be assigned to a predominant external regulation type, a person with a RAI between -16 to -8 would be assigned a predominant introjected regulation type, and so on. On this basis, we distributed the participants to the different field studies. To identify a change in the RAI, and thus the predominant regulation type, participants also answered the BREQ3 after the field study. However, since the studies used relatively small sample sizes (e.g. 5 participants), the results could often only be indicative.


[image: A table compares three concepts: Marbleous, Glow, and Equi. Each has a description, targeted transition, and prototype image. Marbleous uses marbles for exercise reminders; targets external to introjected transitions. Glow promotes self-chosen activities; focuses on introjected to identified transitions. Equi balances exercise with daily activities; aims for identified to integrated transitions. Prototype images show devices associated with each concept. Marbleous involves colored marbles and a large display, Glow features a stacked device, and Equi has a tilting balance device. Notes mention project partner involvement and prototype completion status.]
FIGURE 4
 Overview of the prototypes developed in Project A. This overview was inspired by the design proposals outlined in Şener and Pedgley (2023).





3.2 Project B: investigating the motivating capabilities of virtual reality-based rehabilitation
 
3.2.1 Aim and objectives

Project B explored how virtual reality (VR)-based exertion games (exergames) combined with cycle ergometers might cultivate intrinsic motivation for physical activity among older adults undergoing rehabilitative treatment in two municipal facilities (Høeg et al., 2020b). The project followed another completed research project on VR-based exercise in nursing homes with a similar scope of encouraging physical activity among older residents who were often not very motivated to engage and persist in physical activity (Bruun-Pedersen et al., 2014). The project stakeholders designed, developed, evaluated and implemented a specific bike-based exergame solution to encourage physical activity among the elderly, with very promising results (Bruun-Pedersen et al., 2014, 2016b,a) This project sought to continue the research in two new and different contexts: a) a municipal Outpatient Health Centre (OHC) and an Inpatient Rehabilitation Unit (IRU). The scope of the project was similar, i.e., to encourage physical activity and persistence among patient populations who often had low adherence. However, the scope was also more pluralistic, as it sought to investigate new design opportunities to improve the effectiveness of the VR-based physiotherapeutic treatment applications. In addition, our goal was also to design, redesign, and develop new bespoke systems optimized for therapists (primary user) and patients (secondary users) to be implemented as a practical tool that therapists could utilize to provide more effective and (intrinsically) motivating treatment (Høeg et al., 2020b). As such, until gaining a fuller understanding of SDT, the VR exergame was initially viewed as an instrument that created a shift in motivation from extrinsic toward intrinsic motivation. The initial goals of Project B were to explore new design opportunities and to improve the design of the VR exergame for the purpose of increasing motivation. See Figure 5 for a visualization of the project process.


[image: Flowchart depicting project progression through four stages: identifying needs, prototyping, theoretical refinement, and gap identification. Summary notes on older adults' motivation patterns, and challenges in conventional tools. Highlights Self-Determination Theory influences: Cognitive Evaluation Theory (CET), Basic Psychological Need Theory (BPNT), and Organismic Integration Theory (OIT). Explains the application of each theory, focusing initially on intrinsic motivation, then on relatedness needs, and understanding extrinsic motivation nuances.]
FIGURE 5
 The project process of Project B and the role of SDT in its project steps.




3.2.2 Exploration

The project adopted a pragmatic research approach, which integrates the view that neither subject nor worldly phenomena can be understood without considering the context (Creswell and Poth, 2017). Therefore, thoughts, actions, objects, and events must always be viewed in the context of the broader situation, and that includes what motivates the individual. Pragmatism encourages the involvement of the researcher and allows subjectivity, particularly when making conclusions based on the experiences and behaviors of the participants (Creswell and Poth, 2017). The research approach involved concrete methods to unravel the experiences of the therapists (the primary users) and the patients (the secondary users). These methods involved ethnographic observations, participatory design (co-design), autoethnography, and contextual inquiry (Viitanen, 2010). More specifically, the project utilized a contextual design approach (Beyer and Holtzblatt, 1999), conducting research in the two rehabilitation facilities, to explore the interactions with the implemented systems in an applied context (Høeg et al., 2020b).



3.2.3 Design and development

New prototype concepts were explored through multiple workshops with therapists, to ideate and design new prototypes that converged the needs of both primary and secondary users (Høeg et al., 2020a). The insights gained from this approach led to prototyping and research projects that sought to increase performance in the local Chronic obstructive pulmonary disease (COPD) program in the outpatient facility (Høeg et al., 2021a). To measure the older adults motivation, the intrinsic motivation inventory (IMI) questionnaire was initially used to verify whether the solutions were capable of instilling a shift in motivation. Subsequently, the interviews and workshop findings allowed a more nuanced understanding of motivation, based on the diverse expression of needs and frustrations. This led to the adoption of the Basic Psychological needs theory (BPNT) mini-theory (Ryan and Deci, 2000). Later, the OIT was also adopted to explicate the nuances of motivation (Ryan and Deci, 2000). This led to a more focused effort to create prototypes that supported the expressed needs of the patients, which was largely focused on the need to socialize with fellow inpatients (Høeg et al., 2021b, 2023). See Figure 6 which illustrates the Buddy Biking system.


[image: a. Virtual cycling simulation showing a mountainous terrain with a timer, speed, and distance displayed. b. Two individuals wearing virtual reality headsets are using exercise bikes in a gym setting.]
FIGURE 6
 The basic recurrent design of the “VR Bike” included a VR environment (a), an exercise bike with a cadence sensor. In the “Buddy Biking” experience, users (b) would exercise together on separate physical bikes while also being co-present on a virtual tandem bike, to support relatedness. See Høeg et al. (2021b) for more details.




3.2.4 Evaluation and findings

The observations and interviews with the older adults revealed diverse motives and perspectives that explicated their adherence to therapy. The participants articulated a range of reasons, including a general aversion to physical activity (e.g., “it is boring”) and negative perceptions of the inpatient environment (e.g., “it is a sad place to be in”), both of which appeared to impact their engagement with the various rehabilitation programs. This highlighted that participation in VR therapy was not always rooted in intrinsic motives. Moreover, further inquiries unearthed several potential design suggestions that did not rely on traditional game design principles, but rather on a propensity for nature exploration and the need for greater social interaction with other patients and caregivers. Although participants generally expressed situational enjoyment and satisfaction from interacting with the exergame, we did not really have adequate baseline measurements to compare the findings. Since the studies used relatively small sample sizes and non-comparative study design, the IMI could often only be used as an indicative result. Any variation of the technology or non-technological intervention could likely have given similar results, i.e., without a comparator, the IMI, in this exploratory approach was not particularly useful on its own. This realization was further emphasized by the many different reasons why many older adults did not participate or persist in the offered rehabilitation programs. In applied research, which is highly encouraged in implementation research, the context of the situation is often paramount to consider, especially since many factors can influence project results. For instance, how much sleep did the participant get? How is the participant currently coping with these new life-changing circumstances (e.g. loss of function)? What is the impact of the motivation of the primary user (therapist) to use VR with the patients? These emerging questions led to a more thorough perusal of SDT literature, which led the project to adopt both basic psychological needs into the design and a richer understanding of the different controlling and autonomous types of motivation (OIT).

In this new view of motivation, we started asking the question: how can the exergame create the right conditions for the patients to experience autonomous motivation? rather than how do we create an exergame that motivates intrinsically? And, through the SDT literature, we started more top-down with how the technology could support the experiences of autonomy, competence and relatedness and thereby fostering (internalized) motivation. However, we still needed a suitable instrument to measure the effect of introducing such an experience into the rehabilitation phase, both for primary and secondary users. One that could measure not only intrinsic motivation, but other types of motivation as well, and preferably in an instrument that could compare standard therapy with the new intervention.

If patients are referred for treatment and given the opportunity to engage in VR-based therapy, the experience is likely to provide them with a sense of satisfaction and (hedonic) enjoyment from otherwise monotonous exercises and meticulously planned inpatient activities, which can be expressed as intrinsic motivation. However, while BCT can potentially result in an improvement in motivational quality, other environmental and personal factors may influence their general well-being and motivation negatively (e.g. lack of sleep, psychological needs thwarting, coping difficulties). Additionally, it is equally important to consider the motivational regulation of the primary users and how this relates to the propensity to offer treatment and what qualities of the experience are communicated to the secondary user. Therefore, we stipulate that there is much to gain from adopting SDT instruments that measure the wider continuum of motivation rather than only intrinsic motivation. Unfortunately, the project was already well advanced and was largely obstructed by the Covid-19 pandemic, and we did not have the opportunity to apply these new insights. However, the project sparked further investigations into how other SDT-based measures may be more appropriate to help grasp different types of regulation and their change due to the interaction with technological intervention.





4 Reflection on the use of SDT

Comparing the use of SDT in both projects, you can see that the two projects employed SDT in different ways. However, commonalities can still be identified. While project A aimed to incorporate OIT into the design process, project B focused on intrinsic motivation. For this, both projects needed to create new ways, either a theoretical reduction or measures, to adapt SDT to HCI work. The findings have also been summarized in Table 1.

TABLE 1 Summary of findings and lessons learned based on the identified themes explicated from the two projects.




	Theme
	Findings
	Lessons learned





	1. Theoretical focus and translational challenges
	• The choice of SDT mini-theory determines the research focus
• Intrinsic motivation may not reflect actual user motivation, which is often more complex. A singular focus on intrinsic motivation may overlook other relevant motivational factors.
	• Choose SDT mini-theories (e.g., OIT) that align with the motivational context.
• Recognize types of extrinsic motivation as valid.
• Make transitions and coexistence of regulation types explicit in design.



	2. Different sources of motivation
	• The motivation for using technology and the motivation for the target behavior (e.g., exercise regimes) can diverge.
	• It is important to distinguish between these manifestations of motivations and needs while also assessing their interplay.
• Technology disengagement is not a failure, but possibly a sign of user autonomy.



	3. Adaptation of metrics and methodological origins
	• HCI's qualitative approach contrasts with SDT's quantitative tradition.
• Existing SDT tools (e.g., BREQ3, IMI) had limited applicability when measuring technology in context adaptation
• Adaptation is necessary, but often insufficient, and also risks compromising validity
	• Assess not just motivational constructs but also technology-mediated need fulfillment.
• Utilize or adapt instruments specific to technology-mediated motivation (e.g., based on the User Motivation Inventory Brühlmann et al., 2018).



	4. Lack of design guidelines
	• Technology use in real-world environments is complex and organic.
• There are insufficient design techniques to accommodate multiple motivational states.
• It is challenging to adjust technology to dynamically changing user motivation.
	• Investigate design strategies rooted in OIT to support progression toward autonomous motivation.
• Future systems may seek to be more adaptive to the users dynamic motivational states.







4.1 Theoretical focus and translational challenges

In contrast to Project A, which applied OIT conceptually, Project B focused more in intrinsic motivation and practical implementation within a clinical context. Similar to what Jansen and colleagues (Jansen et al., 2017) found when applying the three basic psychological needs to persona creation, the choice of (mini-)theory determined the analytical focus in our projects. Although this allows for a deep focus, it can lead to neglecting other areas that could also be valuable. For example, participants in Project B reported experiencing autonomous motivation due to the interaction with the technologies developed that are not yet intrinsic. This created friction in the ongoing research foci. Whereas in Project A the theoretical basis was chosen from the results of the explorative interview study, the focus on OIT might have hindered an easier translation into technological design. For example, SDT research suggests to fulfill the basic psychological needs in order to pursue autonomous motivation (Gillison et al., 2019). Translational research in HCI for need-fulfilment is already available, which could have simplified the design process (Cherubini et al., 2020; Hassenzahl, 2010; Hassenzahl et al., 2012; Villalobos-Zúñiga and Cherubini, 2020; Villalobos-Zúñiga et al., 2021).

Since the chosen theory influences the analytical focus, it should reflect the motivational context in which it is actually being studied. For example, OIT emerged in both projects from the specific motivational context in which intrinsic motivation did not match participants' experiences and reflections on their health practices (either a-priori or a-posteriori of technological developments). Future research should match their motivational context in question to the best possible (mini-)theory of SDT. This means that first of all we need to identify the motivational context we aim to investigate. For example: Do I want to help people get motivated at all (overcome amotivation)? Do I want to help people make long lasting or short-term changes (controlled or autonomous motivation)? Can I help people achieve intrinsic motivation or will there always be an external reason for their behavior (extrinsic vs. intrinsic motivation)? Intrinsic motivation might be considered the “ideal” motivation, but there are contexts in which it is hard to achieve. Thus, we need to overcome the dichotomy of extrinsic versus intrinsic motivation in favor of a more general exploration of extrinsic motivation, goal contents, or causality orientations.

Both projects were conducted in the context of health, with OIT aligning particularly well with this context for several reasons. First, patients with (chronic) health problems must maintain preventive behaviors that they most likely do not find pleasant. Second, the impending health condition itself is a form of extrinsic motivation that is already present. Third, a worsening condition or physician recommendations for a behavior, e.g., more physical and less sedentary activity, are examples of extrinsic demands that must be internalized in order to feel better again. In this context, a focus on extrinsic motivation seems appropriate. However, as our projects show, some obstacles must first be overcome for OIT to become fruitful for technology design and evaluation. Its potential lies within its diversity and procedural approach of controlled to autonomous motivation, which can provide new insights into why and how BCTs work. Especially Project A shows that a deeper and more explicit understanding of relevant constructs of OIT, such as how people can achieve specific regulation types, is highly needed from SDT-research. Such insights into how motivation evolves toward being more autonomous can further yield strategies for design and evaluation.



4.2 Adaptation of metrics and methodological origins

SDT-research already presents a plethora of metrics and methods to assess related constructs. The official website of the Center for Self-Determination Theory lists 37 independent instruments (as of May, 2025). However, only one, the Autonomy and Competence in Technology Adoption Questionnaire (ACTA) (Peters et al., 2018) is concerned with the use of technology. Both projects tried to integrate validated tools from SDT-research into their studies (BREQ3 in Project A, IMI in Project B), but struggled for various reasons. Due to a lack of questionnaires related to the use of technology, we needed to adapt existing ones to our study context. We acknowledge that this must occur to some extent in any study. For example, in Project A we studied physical therapy home exercises to help the patient with OA, which is why we adjusted the wording of the BREQ3 (“exercise”), to be targeted toward specific OA exercises (“osteoarthritis oriented home exercises”). However, due to the psychological origin of the metrics, they do not take into account the unique situation of technological interventions. For example, in Project B the participants wanted the technology to help with greater social interactions with other patients in the form of collaboration. Although IMI could be used to measure whether the relatedness has increased in its current form, it cannot be used to measure whether the use of VR technology mediated this experience of relatedness.

We suggest that HCI researchers who want to use SDT in the future assess whether the technological intervention changes the motivational constructs we want to measure and whether SDT metrics (with a little adaptation) can measure the constructs in question. For example: Do we want to measure the motivation to use the technology we developed? Do we want to measure whether the need for (interpersonal) relatedness has increased in users, whether the technology mediated this need-fulfillment, or whether the participants feel related to the technology itself? In either way, there is a need in HCI to tailor metrics toward particular technological applications in interventions. The User Motivation Inventory by Brühlmann and colleagues (Brühlmann et al., 2018) is a good example for this.

The different methodological origins of HCI and SDT research were another reason we struggled to find the right tools for our projects. Both projects had small sample sizes due to the (qualitative) methodology used, such as contextual inquiry or case studies. HCI has a long history of using qualitative methods to examine the experience created through technologies that we develop. For example, Project A wanted to explore how technological interventions influenced the experience of self-regulation and any changes to it. Project B wanted to disentangle users' experiences with a new VR-based physiotherapeutic treatment in a clinical setting. Supplementary, both projects added SDT-metrics to measure self-regulation types (Project A) and intrinsic motivation (Project B). As a result of the small sample sizes, their results could only be used indicatively and had no statistical relevance.

SDT, on the other hand, with its psychological background, has a long history of using quantitative methods to evaluate hypotheses. Qualitative methods are rather used with restraint. Future efforts of HCI researchers to use SDT must take this into account when considering the use of SDT tools, as qualitative and quantitative methods ask different questions. Where SDT wants to understand what social conditions thwart or support human flourishing, in HCI we often want to understand how we can apply the social conditions found in SDT to interactive systems in order to support human flourishing technologically. The METUX model by Peters et al. (2018) is an approach to fill this gap; however, its evaluation suggestions are strongly influenced by the quantitative methodological background of psychological studies. Other options include integrating validated SDT tools where the research question and method(s) match (e.g., Molina et al., 2023), but also to further integrate SDT constructs into common HCI research methods, such as interviews, to enrich the constructs with qualitative descriptions (e.g., Deterding, 2016). For example, Project A tried to define a predominant regulation type through the BREQ3-questionnaire, which has not been used like this before. Another possible solution might be to conduct interviews to define a predominant regulation type, which could also reveal information on when, why, and how different regulation types coexist. In this way, HCI researchers could also contribute to the development and refinement of SDT (Hekler et al., 2013) and gather explicit design implications, for example, for the design of autonomy.



4.3 Different sources of motivation

Both technological interventions in the described projects had the goal of changing the quality of motivation for health behaviors, addressing two questions regarding motivation. A) do users have the motivation to use the developed technologies?, and B) (how) does motivation toward the health behavior change over time? The projects show that these questions are not easy to distinguish from each other. For example, Project B found that participants enjoyed the VR treatment and had fun. They concluded that patients who are introduced to health games as part of their treatment may find enjoyment in the interaction (with VR), but it is unlikely that the health activity is something they would pursue volitionally outside of therapy, i.e., intrinsic motivation toward the health behavior was ultimately not cultivated. Furthermore, they suspected that their “intervention” will most likely always yield higher intrinsic motivation than standard care because of its newness and playfulness and questioned whether that is even a result on its own merit. It would be valuable to explore whether a higher quality of motivation in one area (e.g., engaging with VR) could positively influence motivation in another area (e.g., adopting health behaviors and or increasing general well-being). This also raises the question of how best to assess what parts of our technological interventions are the reasons for a motivational change in behavior.

The Project A collaborators did not find a change in the users' particular types of self-regulation. Nevertheless, they found participants expressed different motivation types depending on the source they discussed. When referring to their motivation toward the behavior itself, participants made statements typified as autonomous regulation. In contrast, their motivation toward the technology was mostly characterized as controlled and externally driven. This opened the discussion on whether the two types of motivation must coincide or whether they can diverge, that is, if external interventions can prompt people to become more autonomous. Since SDT proposes that external motivation can undermine autonomous motivation, this is an important question with regard to technological interventions. Project A proposes it to be a delicate balance, but it is possible to become more self-determined by being other-directed. This distinction between motivation derived from technology use and motivation toward a specific behavior is unique to the application of SDT to technological interventions and, as such, to the use of SDT in HCI. Consequently, it posits possible future endeavors for researchers translating theory into practice.



4.4 Lack of design guidelines

Most of the difficulties that the projects faced in using SDT were related to their design processes. The design approach of Project A was based on OIT, which made it necessary to understand the users' changing motivational state, i.e., the transitional processes between types of self-regulation. SDT posits that these different types of self-regulation exist and that they differ from each other in their fulfillment of autonomous functioning (Ryan and Deci, 2017b). However, it remains rather vague in its description of what is happening in a person during a transition of self-regulation. Since this approach is not widespread, there is a dearth of research concerning design techniques for self-regulatory transitions. For technology to be customized to the changing motivational state of a user, the transitional process needs to be made more applicable. Although interpersonal interventions adapt implicitly, for technological design, this needs to be made explicit, e.g., how can technology recognize in what motivational phase a person is, since it is ever-changing and dependent on the social context? How can we adjust the technology to changing states of motivational regulation? How can we design technology for several motivational states simultaneously since SDT states that regulation types can coexist?

Technological design requires clearer design guidelines. For example, future systems should be able to recognize and adapt to diverse motivational contexts based on user interactions. But first, we need to understand how we can define a person's motivational state through their actions. For example, it is often criticized that BCTs are abandoned quite quickly, and consequently discussions are centered on how to maintain engagement and retain use (Fritz et al., 2014; Karapanos, 2015). However, abandonment of technology might also be a sign of autonomous motivation, where external support is not needed anymore, or even stands in the way of a fully autonomous experience. Thus, we need to question the paradigm that only sustained engagement with a technology is what creates motivation (Alberts et al., 2024).




5 Discussion

Despite the different orientations and implementations of the projects, we found several consistent theoretical implications in our comparative analysis of the application of SDT in two healthcare projects. For example, both projects found that OIT is a mini-theory that seems particularly appropriate for the health domain. In contrast, supporting intrinsic motivation in behaviors that are not self-selected but imposed by illness, and often not pleasant, does not seem to fit well here (different from games research). Furthermore, we encountered typical pitfalls that HCI researchers should be aware of when integrating SDT theory into their work. For example, being aware of the different methodological origin and history the field of psychology has. This field largely does not deal with the unique role the interaction with technology brings into human life, but rather tries to understand individual functioning in the world. In addition, theories are only an abstracted model of reality. When we investigate the specific context and real-world usage of our technological interventions, we need to accept that the theory might not always fit perfectly to this setting. Consequently, models, tools, and guidelines need to be adopted in the specific context of human-computer interaction. This also offers the possibility to question the theoretical assumptions made by SDT. For example, Bennet and Mekler challenge the purely positive connotation of intrinsic motivation (Bennett and Mekler, 2024).

In Project B, the users requested that the technology supported their need for relatedness to other inpatients. This raises the question whether the relationship that users form with the technology might also cater to the need of relatedness. This example illustrates how reflecting on the application of SDT can help researchers identify where theoretical assumptions and constructs are too immature in predicting outcomes and thus in designing technologies. Furthermore, this reflective process can help to formulate new questions that are specific to technological interventions, e.g., concerning the motivational source or the influence of autonomous motivation on technology engagement. As van Berkel and Hornbæk propose, reflection on the use of SDT in the two projects improved our understanding of the limitations and possibilities of SDT in technological research (van Berkel and Hornbæk, 2023). For example, we saw that SDT might not be able to fully account for some technological phenomena (e.g., intrinsic motivation due to novelty effect), how to apply theory to more cases (adopt SDT tools to qualitative cases), or see new mechanism drive technological research (autonomous motivation might alter our understanding of successful technological adoption). We believe that this process of self-reflection on theory use offers beneficial insights to generate an overview and shared understanding of the application of SDT in technological research. However, we have devoted the entire paper to this reflection process in order to obtain theoretical implications. We understand that researchers who add a section on theoretical implications to their “regular” articles may need to summarize and shorten their accounts of their application of SDT.

Above all, this careful reflection on the use of SDT in technological research shows a fundamental aspect. To overcome the shallow and descriptive use of SDT in technological design (Tyack and Mekler, 2020, 2024), one should not use SDT as an unquestioned theoretical basis for technology design. Researchers seeking to ground technological developments in a strong theoretical foundation need to ask questions such as which mini-theory or construct of SDT really represents their ideas theoretically. In this work, we provide some questions that researchers who want to apply SDT in their technological projects could ask themselves before relying on it as a theoretical basis.



6 Limitations

Although our goal is to contribute practice-oriented insights into how SDT can inform the design of digital health technologies within HCI, we also recognize the limitations of our work. Our reflections are based on two projects and thus offer a limited scope for generalization. Nevertheless, we believe that these reflections can support other researchers who use—or intend to use—SDT as a theoretical foundation. Our findings may help them compare their own experiences with ours or encourage them to consider similar aspects in their design processes. We do not present our conclusions as definitive truths, but as an invitation to dialogue: a first step toward developing shared best practices for applying SDT in digital health design. Ultimately, our work aims to spark more integrated, theory-driven research that continues to build this collective understanding.



7 Conclusion

Our paper reflected on the use of SDT in two projects in the context of health, which investigated how to motivate sustained behavior change. To this end, we have taken a closer look at the role of SDT in each project step and reflected on the opportunities and challenges. Despite the divergent approaches, the comparison shows that the chosen theoretical focus determined the analytical process of the projects. Although remaining within a single theoretical perspective can sometimes be beneficial, in the context of health, we found that this approach may overlook other important factors. To gain a more pluralistic understanding of the context, the mini-theory of OIT proved particularly useful. It helped us expand the design space to better support autonomous motivation, which is especially valuable in areas where fostering intrinsic motivation can be challenging. Furthermore, our SDT-based technological interventions showed unique obstacles in translating insights from human-to-human interventions. Experience-based differences between human-human interaction and human-computer interaction must be considered to successfully implement SDT in technological research. We encourage researchers who apply SDT in their work to reflect on its role in their research and to share the resulting theoretical insights in their publications. Doing so can help build a more cohesive and shared understanding of SDT across various research contexts.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The ethical approval for the individual studies described in project A was approved by the Ethics Committee of the University of Siegen. The studies carried out as part of Project B were approved by the Research Ethics Committee in the Capitol Region of Denmark. A single study was conducted in Australia and received approval from the Southern Adelaide Clinical Human Research Ethics Committee. Written informed consent was obtained from the individual(s) for the publication of any identifiable images or data included in this article.



Author contributions

RG: Investigation, Methodology, Writing – review & editing, Writing – original draft, Visualization, Resources, Validation, Formal analysis, Project administration, Conceptualization. EH: Writing – review & editing, Resources, Writing – original draft, Formal analysis, Visualization, Conceptualization, Methodology. JV: Supervision, Writing – review & editing, Methodology, Writing – original draft, Conceptualization, Validation. MH: Writing – review & editing, Supervision, Resources, Funding acquisition, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The University of Siegen funded the open access publication. The research carried out as part of Project A was funded by LeitmarktAgentur. This study was funded by NRW and the European Regional Development Fund (EFRE-0801430). The research detailed in Project B was funded by the municipality of Frederiksberg and Aalborg University.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that Gen AI was used in the creation of this manuscript. The draft of this manuscript was assisted with Writefulls' language feedback for Overleaf to improve clarity and spelling. OpenAI's GPT-4.0 model was used to design Table 1. All suggestions were approved by the authors.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Ajzen, I. (1991). The theory of planned behavior. Organizat. Behav. Human Deci. Proc. 50, 179–211. doi: 10.1016/0749-5978(91)90020-T

 Alberts, L., Lyngs, U., and Lukoff, K. (2024). Designing for sustained motivation: a review of self-determination theory in behaviour change technologies. Interact. Comput. 2024, iwae040. doi: 10.1093/iwc/iwae040

 Aldenaini, N., Alqahtani, F., Orji, R., and Sampalli, S. (2020). Trends in persuasive technologies for physical activity and sedentary behavior: a systematic review. Front. Artif. Intellig. 3:7. doi: 10.3389/frai.2020.00007

 Aufheimer, M., Gerling, K., Graham, T. N., Naaris, M., Konings, M. J., Monbaliu, E., et al. (2023). “An examination of motivation in physical therapy through the lens of self-determination theory: implications for game design,” in Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems, CHI '23 (New York, NY: Association for Computing Machinery).

 Ballou, N., Deterding, S., Tyack, A., Mekler, E. D., Calvo, R. A., Peters, D., et al. (2022). “Self-determination theory in HCI: Shaping a research agenda,” in Extended Abstracts of the 2022 CHI Conference on Human Factors in Computing Systems, CHI EA '22 (New York, NY: Association for Computing Machinery).

 Bennett, D., and Mekler, E. D. (2024). Beyond intrinsic motivation: the role of autonomous motivation in user experience. ACM Trans. Comput.-Hum. Interact. 31:3689044. doi: 10.1145/3689044

 Beyer, H., and Holtzblatt, K. (1999). Contextual design. Interactions 6, 32–42. doi: 10.1145/291224.291229

 Brühlmann, F., Vollenwyder, B., Opwis, K., and Mekler, E. D. (2018). “Measuring the “why” of interaction: Development and validation of the user motivation inventory (UMI),” in Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems, CHI '18 (New York, NY: Association for Computing Machinery), 1–13.

 Brunet, J., Gunnell, K. E., Gaudreau, P., and Sabiston, C. M. (2015). An integrative analytical framework for understanding the effects of autonomous and controlled motivation. Pers. Individ. Dif. 84, 2–15. doi: 10.1016/j.paid.2015.02.034

 Bruun-Pedersen, J. R., Pedersen, K. S., Serafin, S., and Kofoed, L. B. (2014). “Augmented exercise biking with virtual environments for elderly users: a preliminary study for retirement home physical therapy,” in 2014 2nd Workshop on Virtual and Augmented Assistive Technology (VAAT), 23–27.

 Bruun-Pedersen, J. R., Serafin, S., and Kofoed, L. B. (2016a). ‘Going outside while staying inside ” exercise motivation with immersive vs. non–immersive recreational virtual environment augmentation for older adult nursing home residents,” in 2016 IEEE International Conference on Healthcare Informatics (ICHI), 216–226.

 Bruun-Pedersen, J. R., Serafin, S., and Kofoed, L. B. (2016b). “Motivating elderly to exercise - recreational virtual environment for indoor biking,” in 2016 IEEE International Conference on Serious Games and Applications for Health (SeGAH), 1–9.

 Celano, C. M., Beale, E. E., Freedman, M. E., Mastromauro, C. A., Feig, E. H., Park, E. R., et al. (2020). Positive psychological constructs and health behavior adherence in heart failure: A qualitative research study. Nurs. Health Sci. 22, 620–628. doi: 10.1111/nhs.12704

 Cercos, R., and Mueller, F. F. (2013). “Watch your steps: designing a semi-public display to promote physical activity,” in Proceedings of The 9th Australasian Conference on Interactive Entertainment: Matters of Life and Death, IE '13 (New York, NY: Association for Computing Machinery).

 Cherubini, M., Villalobos-Zúñiga, G., Boldi, M.-O., and Bonazzi, R. (2020). The unexpected downside of paying or sending messages to people to make them walk: Comparing tangible rewards and motivational messages to improve physical activity. ACM Trans. Comp.-Human Interact. 27, 1–44. doi: 10.1145/3365665

 Clemmensen, T., Kaptelinin, V., and B. N. (2016). Making HCI theory work: an analysis of the use of activity theory in hci research. Behav. Inform. Technol. 35, 608–627. doi: 10.1080/0144929X.2016.1175507

 Creswell, J., and Poth, C. (2017). Qualitative Inquiry and Research Design: Choosing Among Five Approaches. New York City: SAGE Publications.

 Deterding, S. (2016). ‘Contextual autonomy support in video game play: A grounded theory,” in Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems, CHI '16 (New York, NY: Association for Computing Machinery), 3931–3943.

 Eilert, R., Hassenzahl, M., and Buhr, M. (2020). “The osteoarthritis-journey: Patients' development of long-term motivation,” in Companion Publication of the 2020 ACM Designing Interactive Systems Conference, DIS' 20 Companion (New York, NY: Association for Computing Machinery), 111–116.

 Enemchukwu, E. A., Subak, L. L., and Markland, A. (2022). Barriers and facilitators to overactive bladder therapy adherence. Neurourol. Urodyn. 41, 1983–1992. doi: 10.1002/nau.24936

 Fogg, B. J. (2002). Persuasive technology: using computers to change what we think and do. Ubiquity, 2002:2. doi: 10.1145/764008.763957

 Fritz, T., Huang, E. M., Murphy, G. C., and Zimmermann, T. (2014). “Persuasive technology in the real world: a study of long-term use of activity sensing devices for fitness,”? in Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, CHI '14 (New York, NY: Association for Computing Machinery), 487–496.

 Gerstenberg, R., Albers, R., and Hassenzahl, M. (2023). “Designing for integration: Promoting self-congruence to sustain behavior change,” in Proceedings of the 2023 ACM Designing Interactive Systems Conference, DIS '23 (New York, NY: Association for Computing Machinery), 725–739.

 Gerstenberg, R., Hassenzahl, M., and Laschke, M. (2024). Designing for autonomy: A process-oriented approach based on organismic integration theory. Interact. Comp. 2024:iwae022. doi: 10.1093/iwc/iwae022

 Gillison, F. B., Rouse, P., Standage, M., and Sebire, S. J. R. M. R. (2019). A meta-analysis of techniques to promote motivation for health behaviour change from a self-determination theory perspective. Health Psychol. Rev. 13, 110–130. doi: 10.1080/17437199.2018.1534071

 Glanz, K., and Bishop, D. B. (2010). The role of behavioral science theory in development and implementation of public health interventions. Annu. Rev. Public Health 31, 399–418. doi: 10.1146/annurev.publhealth.012809.103604

 Glombiewski, J. A., Nestoriuc, Y., Rief, W., Glaesmer, H., and Braehler, E. (2012). Medication adherence in the general population. PLoS ONE 7:e50537. doi: 10.1371/journal.pone.0050537

 Hagger, M. S., and Protogerou, C. (2020). “Self”?determination theory and autonomy support to change healthcare behavior,” in The Wiley Handbook of Healthcare Treatment Engagement, eds. A. Hadler, S. Sutton, and L. Osterberg (Hoboken: Wiley), 141–158.

 Hamari, J., Koivisto, J., and Pakkanen, T. (2014). “Do persuasive technologies persuade? - a review of empirical studies,” in Persuasive Technology, eds. A. Spagnolli, L. Chittaro, and L. Gamberini (Cham: Springer International Publishing), 118–136

 Hassenzahl, M. (2010). Experience Design: Technology for All the Right Reasons. Berlin, Heidelberg: Springer.

 Hassenzahl, M., Heidecker, S., Eckoldt, K., Diefenbach, S., and Hillmann, U. (2012). All you need is love: current strategies of mediating intimate relationships through technology. ACM Trans. Comput. Hum. Interact. 19:2395137. doi: 10.1145/2395131.2395137

 Hekler, E. B., Klasnja, P., Froehlich, J. E., and Buman, M. P. (2013). “Mind the theoretical gap: Interpreting, using and developing behavioral theory in hci research,” in Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI '13), 3307–3316. doi: 10.1145/2470654.2466452

 Høeg, E. R., Andersen, N. B., Malmkjr, N., Vaaben, A. H., and Uth, J. (2023). Hospitalized older adults' experiences of virtual reality-based group exercise therapy with cycle ergometers: An early feasibility study. Comp. Human Behav. Reports 11:100301. doi: 10.1016/j.chbr.2023.100301

 Høeg, E. R., Becermen, B., Bruun-Pedersen, J. R., and Serafin, S. (2020a). “Co-creating Virtual Reality Applications for Motor Rehabilitation with Physiotherapists,” in Lecture Notes of the Institute for Computer Sciences, Social-Informatics and Telecommunications Engineering, LNICST (Cham: Springer), 379–389.

 Høeg, E. R., Bruun–Pedersen, J. R., Cheary, S., Andersen, L. K., Paisa, R., Serafin, S., et al. (2021b). Buddy Biking: A User Study on Social Collaboration in a Virtual Reality Exergame for Rehabilitation. Virtual Real. 1, 1–18. doi: 10.1007/s10055-021-00544-z

 Høeg, E. R., Bruun-Pedersen, J. R., and Serafin, S. (2021a). “Virtual reality-based high-intensity interval training for pulmonary rehabilitation: A feasibility and acceptability study,” in Proceedings - 2021 IEEE Conference on Virtual Reality and 3D User Interfaces Abstracts and Workshops, VRW 2021 (Piscataway, NJ: Institute of Electrical and Electronics Engineers Inc.), 242–249.

 Høeg, E. R., Scully, C. F., Bruun-Pedersen, J. R., and Serafin, S. (2020b). “The reality of implementing virtual reality: a case study on the challenges of integrating VR-based rehabilitation,” in Lecture Notes of the Institute for Computer Sciences, Social-Informatics and Telecommunications Engineering, LNICST (Cham: Springer), 749–759.

 Høeg, E. R., and Van der Kaap-Deeder, J. (2024). Beyond intrinsic motivation: Why researchers should consider the full motivation continuum in games for health research. Games Health J. 13, 1–4. doi: 10.1089/g4h.2023.0100

 Jansen, A., Mechelen, M. V., and Slegers, K. (2017). “Personas and behavioral theories: A case study using self-determination theory to construct overweight personas”? in Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems, 2127–2136.

 Karapanos, E. (2015). Sustaining user engagement with behavior-change tools. Interactions 22, 48–52. doi: 10.1145/2775388

 Klapperich, H., Hassenzahl, M., and Hassenzahl, M. (2018). “The positive practice canvas - gathering inspiration for wellbeing-driven design,” in Proceedings of the ACM International Conference, 74–81.

 Klapperich, H., Laschke, M., Hassenzahl, M., Becker, M., Crlis, D., Frackenpohl, T., et al. (2019). “Mind the gap: a social practice approach to wellbeing-driven design,” in Design for Wellbeing: An Applied Approach, ed. A. Petermans, and R. Cain (London: Routledge), 154–169.

 Li, S., Li, Y., Xu, C., Tao, S., Sun, H., Yang, J., et al. (2025). Efficacy of digital interventions for smoking cessation by type and method: a systematic review and network meta-analysis. Nat. Hum. Behav. 9, 2054–2065. doi: 10.1038/s41562-025-02295-2

 Molina, M. D., Zhan, E. S., Agnihotri, D., Abdullah, S., and Deka, P. (2023). “Motivation to use fitness application for improving physical activity among hispanic users: The pivotal role of interactivity and relatedness,” in Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems.

 Moller, A. C., Sousa, C. V., Lee, K. J., Alon, D., and Lu, A. S. (2023). Active video game interventions targeting physical activity behaviors: Systematic review and meta-analysis. J. Med. Internet Res. 25:e45243. doi: 10.2196/45243

 Ng, J. Y. Y., Ntoumanis, N., Thgersen-Ntoumani, C., Deci, E. L., Ryan, R. M., Duda, J. L., et al. (2012). Self-determination theory applied to health contexts: a meta-analysis. Perspect. Psychol. Sci. 7, 325–340. doi: 10.1177/1745691612447309

 Ntoumanis, N., and Moller, A. C. (2023). Facilitating Health Behavior Change. Oxford: Oxford University Press.

 Ntoumanis, N., Ng, J. Y. Y., Prestwich, A., Quested, E., Hancox, J. E., Thgersen-Ntoumani, C., et al. (2021). A meta-analysis of self-determination theory-informed intervention studies in the health domain: effects on motivation, health behavior, physical, and psychological health. Health Psychol. Rev. 15, 214–244. doi: 10.1080/17437199.2020.1718529

 Peters, D., Calvo, R. A., and Ryan, R. M. (2018). Designing for motivation, engagement and wellbeing in digital experience. Front. Psychol. 9:797. doi: 10.3389/fpsyg.2018.00797

 Prochaska, J. O., and Diclemente, C. C. (2005). “The transtheoretical approach,” in Handbook of Psychotherapy Integration. Oxford: Oxford University Press.

 Prochaska, J. O., and Velicer, W. F. (1997). The transtheoretical model of health behavior change. Am. J. Health Promot. 12, 38–48. doi: 10.4278/0890-1171-12.1.38

 Protano, C., De Giorgi, A., Valeriani, F., Mazzeo, E., Zanni, S., Cofone, L., et al. (2024). Can digital technologies be useful for weight loss in individuals with overweight or obesity? A systematic review. Healthcare 12:670. doi: 10.3390/healthcare12060670

 Rapp, A., and Boldi, A. (2023). Exploring the lived experience of behavior change technologies: toward an existential model of behavior change for hci. ACM Trans. Comput.-Hum. Interact. 30:3603497. doi: 10.1145/3603497

 Reeve, J., and S. H. C. (2021). Autonomy-supportive teaching: Its malleability, benefits, and potential to improve educational practice. Educ. Psychol. 56, 54–77. doi: 10.1080/00461520.2020.1862657

 Rice, D., McNair, P., Huysmans, E., Letzen, J., and Finan, P. (2019). Best evidence rehabilitation for chronic pain part 5: Osteoarthritis. J. Clin. Med. 8, 1769. doi: 10.3390/jcm8111769

 Roth, G. (2019). “Beyond the quantity of motivation: Quality of motivation in self-determination theory,” in Social Psychology in Action (Cham: Springer International Publishing), 39–49.

 Ryan, R. M., and Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being. Am. Psychol. 55, 68–78. doi: 10.1037//0003-066X.55.1.68

 Ryan, R. M., and Deci, E. L. (2017a). Health Care and Patient Need Satisfaction: Supporting Maintained Health Behavior Change. New York, NY: Guilford Press, 454–480.

 Ryan, R. M., and Deci, E. L. (2017b). Self-Determination Theory: Basic Psychological Needs in Motivation, Development, and Wellness. New York, NY: Guilford Press.

 Ryan, R. M., and Deci, E. L. (2019). “Chapter four - brick by brick: The origins, development, and future of self-determination theory,” in Advances in Motivation Science (London: Elsevier), 111–156.

 Ryan, R. M., and Deci, E. L. (2020). Intrinsic and extrinsic motivation from a self-determination theory perspective: definitions, theory, practices, and future directions. Contemp. Educ. Psychol. 63:101860. doi: 10.1016/j.cedpsych.2020.101860

 Ryan, R. M., Rigby, C. S., and Przybylski, A. (2006). The motivational pull of video games: A self-determination theory approach. Motiv. Emot. 30, 344–360. doi: 10.1007/s11031-006-9051-8

 Segatto, B. L., Sabiston, C. M., Harvey, W. J., and Bloom, G. A. (2013). Exploring relationships among distress, psychological growth, motivation, and physical activity among transplant recipients. Disabil. Rehabilitat. 35, 2097–2103. doi: 10.3109/09638288.2013.807882

 Şener, B., and Pedgley, O. (2023). Designing with self-determination theory: Home-based digital exercise interventions creating positive change. Proc. Design Soc. 3, 1417–1424. doi: 10.1017/pds.2023.142

 Shove, E., Pantzar, M., and Watson, M. (2012). The Dynamics of Social Practice: Everyday Life and How it Changes. London: SAGE Publications Ltd.

 Sullivan, A. N., and Lachman, M. E. (2017). Behavior change with fitness technology in sedentary adults: A review of the evidence for increasing physical activity. Front. Public Health 4:289. doi: 10.3389/fpubh.2016.00289

 Tamborini, R., Bowman, N. D., Eden, A., Grizzard, M., and Organ, A. (2010). Defining media enjoyment as the satisfaction of intrinsic needs. J. Commun. 60, 758–777. doi: 10.1111/j.1460-2466.2010.01513.x

 Taylor, N., Conner, M., and Lawton, R. (2012). The impact of theory on the effectiveness of worksite physical activity interventions: a meta-analysis and meta-regression. Health Psychol. Rev. 6, 33–73. doi: 10.1080/17437199.2010.533441

 Teixeira, P. J., Marques, M. M., Silva, M. N., Brunet, J., Duda, J. L., Haerens, L., et al. (2020). A classification of motivation and behavior change techniques used in self-determination theory-based interventions in health contexts. Motivat. Sci. 6, 438–455. doi: 10.1037/mot0000172

 Tyack, A., and Mekler, E. D. (2020). “Self-determination theory in hci games research: Current uses and open questions,” in Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, 1–22.

 Tyack, A., and Mekler, E. D. (2024). Self-determination theory and hci games research: unfulfilled promises and unquestioned paradigms. ACM Trans. Comput.-Hum. Interact. 31:3673230. doi: 10.1145/3673230

 van Berkel, N., and Hornbæk, K. (2023). Implications of human-computer interaction research. Interactions 30, 50–55. doi: 10.1145/3600103

 van der Kaap-Deeder, J., Vansteenkiste, M., Soenens, B., and Mabbe, E. (2017). Children's daily well-being: The role of mothers', teachers', and siblings' autonomy support and psychological control. Dev. Psychol. 53, 237–251. doi: 10.1037/dev0000218

 Vansteenkiste, M., Niemiec, C. P., and Soenens, B. (2010). The development of the five mini-theories of self-determination theory: an historical overview, emerging trends, and future directions. Adv. Motivat. Achievem.16, 105–165. doi: 10.1108/S0749-7423(2010)000016A007

 Viitanen, J. (2010). “Contextual inquiry method for user-centred clinical it system design,” in User Centred Networked Health Care, volume 169 of Studies in Health Technology and Informatics (Amsterdam: IOS Press), 965–969.

 Villalobos-Zúñiga, G., and Cherubini, M. (2020). Apps that motivate: a taxonomy of app features based on self-determination theory. Int. J. Hum. Comput. Stud. 140:102449. doi: 10.1016/j.ijhcs.2020.102449

 Villalobos-Zúñiga, G., Rodríguez, I., Fedosov, A., and Cherubini, M. (2021). “Informed choices, progress monitoring and comparison with peers: Features to support the autonomy, competence and relatedness needs, as suggested by the self-determination theory,” in Proceedings of the 23rd International Conference on Mobile Human-Computer Interaction, MobileHCI '21 (New York, NY: Association for Computing Machinery).

 Williams, G. C., Grow, V. M., Freedman, Z. R., Ryan, R. M., and Deci, E. L. (1996). Motivational predictors of weight loss and weight-loss maintenance. J. Pers. Soc. Psychol. 70, 115–126. doi: 10.1037//0022-3514.70.1.115

 Wilson, P. M., Rodgers, W. M., Loitz, C. C., and Scime, G. (2006). “it's who i am really! the importance of integrated regulation in exercise contexts. J. Appl. Biobehav. Res. 11, 79–104. doi: 10.1111/j.1751-9861.2006.tb00021.x

 Zhao, W., Kelly, R. M., Rogerson, M. J., and Waycott, J. (2023). “Older adults using technology for meaningful activities during COVID-19: an analysis through the lens of self-determination theory,” in Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems, CHI '23 (New York, NY: Association for Computing Machinery).

Copyright
 © 2025 Gerstenberg, Høeg, Van der Kaap-Deeder and Hassenzahl. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyg-16-1634267-g005.gif
proJECT
PROGRESSION

suwwARY | ST ey | LS,





OPS/images/fpsyg-16-1634267-g006.gif





OPS/images/fpsyg-16-1634267-g003.gif
Regon™

il

i

ﬁ i
T
—

g






OPS/images/fpsyg-16-1634267-g004.gif
Glow Marbotous.

€l

Gty romincor for o it i
Oyttt by oot camaiiss
i s Dore iorDone)
g s
ooy nd mamsion g

o suppons et <nosenysent
oy pomtingyooretacton
oy gy ot st s,
ey rolasontoprora oot
oo dog, by acing oo
et oo caded a1 hoos
Teabocomemors suas ol sy
oo baangatom
St regs mogore o
g cutyscivtosyving
it tepesanasen conpissd
eton o s ncad 0009 1150
iinginscotagodsaly s
mares. Theveumondpysent
s anovtoso ot

et ok s i
o e e

ovocs
e etton
o

nopeed

nogied

arios byt o

=

-






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Applying self-determination theory to behavior change technologies: insights from two projects in the health domain



		1 Introduction



		2 Background



		2.1 Self-determination theory



		2.1.1 SDT and health behavior change



		2.1.2 SDT and behavior change technologies









		2.2 Theoretical practices of SDT in HCI







		3 The application of SDT: two examples



		3.1 Project A: a persuasive environment for increased physical activity in knee osteoarthritis



		3.1.1 Aim and objectives—conceptually driven by SDT



		3.1.2 Exploration—Similarities in interview results and OIT



		3.1.3 Design and development—Adapted OIT used as design approach



		3.1.4 Evaluation and findings—In search for tools to customize according to OIT









		3.2 Project B: investigating the motivating capabilities of virtual reality-based rehabilitation



		3.2.1 Aim and objectives



		3.2.2 Exploration



		3.2.3 Design and development



		3.2.4 Evaluation and findings













		4 Reflection on the use of SDT



		4.1 Theoretical focus and translational challenges



		4.2 Adaptation of metrics and methodological origins



		4.3 Different sources of motivation



		4.4 Lack of design guidelines







		5 Discussion



		6 Limitations



		7 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Applying self-determination
theory to behavior change
technologies: insights from two
projects in the health domain





OPS/images/fpsyg-16-1634267-g001.gif





OPS/images/fpsyg-16-1634267-g002.gif
proECT
PROGRESSION

=












OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Psychology







