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Summary and general discussion

This dissertation, conducted as part of the six-year Perfect Fit (PF) project [1], addressed
key challenges for mobile health (mHealth) interventions with virtual coaches. At the
outset of the PF project, our team conducted a broad synthesis of evidence to identify
a range of knowledge gaps and challenges in this field. These findings guided the devel-
opment of PF, a smartphone-based intervention featuring a virtual coach that provides
real-time, personalized, text-based, and visual feedback to support both smoking cessa-
tion and physical activity (PA) promotion. Building on the collective work of the PF team,
this dissertation focused on several of these challenges that were considered particularly
important to address based on prior literature. The resulting studies aimed to answer the
following research questions:

Part 1: Content development and design
Research question 1: How can end-users be meaningfully involved in the design, devel-
opment, and evaluation of virtual coach interventions?
Research question 2: How can emerging behavior change techniques be evaluated and
incorporated into virtual coach interventions?

Part 2: Real-world evaluation
Research question 3: What is the feasibility, acceptability, and two-month effectiveness
of a virtual coach intervention for smoking cessation and PA promotion?

In this general discussion, important insights addressing these research questions are
summarized and discussed in relation to the key challenges described in the general in-
troduction. These insights are interpreted in light of the literature, reflecting on what has
been learned from the research presented in this dissertation, what appears most prom-
ising, and under which conditions these findings may apply. Finally, remaining or newly
emerged knowledge gaps are outlined, and directions for future research are proposed.

Summary and main findings
Part 1: Content development and design

Certain groups, such as individuals with lower SEP, are underserved by mHealth interven-
tions, including those with virtual coaches [2-5]. A valuable strategy to enhance interven-
tion and research accessibility is involving end-users in the development and evaluation
of interventions [2-4, 6-8], commonly referred to as patient and public involvement (PPI).
PPl is a collaborative approach in which research is conducted with or even by represen-
tatives of the target population [9]. While its importance is increasingly recognized [10,
11], practical guidance on meaningful implementation remains limited [12]. To address
this, Chapter 2 presented a step-by-step, iterative approach for applying PPl in (eHealth)
research. The approach was informed by three eHealth projects, including PF, and itera-
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tively refined based on insights and feedback from other researchers and end-users. The
approach consists of six steps: (1) Where in the eHealth evaluation cycle is your research
project positioned?; (2) Why do you want to use PPI?; (3) Who is your target population?;
(4) How are you going to achieve your aims?; (5) What considerations and conditions need
to be taken into account to facilitate PPI?; (6) How did the PPI process unfold? Each step is
accompanied by reflective questions, recommendations (i.e., practical suggestions for
effectively carrying out each step), lessons learned (i.e., successes and challenges), and
case examples. Additionally, an overview of relevant existing resources (e.g., literature,
websites) is provided for each step. The aim of the approach was to inspire researchers
and provide actionable guidance to implement meaningful PPl in research.

It is not only important that interventions are accessible to target populations, as em-
phasized in Chapter 2, but they should also be grounded in behavior change theories
and techniques [3, 5, 8]. Identity-based strategies are promising for promoting smoking
cessation and PA, as identity plays an important role in regulating behavior [13-18]. To
explain, individuals tend to act in line with identities that reflect who they are or aspire to
be [14, 19, 20]. Strengthening healthy identities (e.g., ex-smoker) or weakening unhealthy
ones (e.g., smoker) has therefore been proposed as a promising strategy to promote
smoking cessation and PA [21-24]. Despite growing interest, evidence on how identity
can be effectively targeted in smoking cessation and PA promotion remains fragmented,
and no systematic synthesis has yet examined such interventions across both behaviors.
Using a mixed-methods systematic review, Chapter 3 identified and examined interven-
tions targeting smoking- and/or PA-related identities to promote smoking cessation and
PA in individuals aged 12 years and over. Across 19 records (20 different studies), four
types of identity-related interventions were identified: (1) possible-self interventions
prompting imagery of (un)desired possible selves to influence identity [21-28], (2) multi-
component interventions incorporating identity components [29-33], (3) possible-self
avatar games enabling interaction with a virtual self-representation to shape behavior
[34AB, 35, 36] , and (4) identity-challenge interventions assessing reactions to hypotheti-
cal identity challenges based on participants’identity levels [37AB, 38]. Overall, interven-
tion effectiveness was mixed: nearly half of the studies reported significant positive
effects on smoking- and PA-related identities and behaviors [22, 25, 29, 30, 34AB, 35, 37A,
38], while the remainder found no significant effects [21, 23, 24, 26-28, 31-33, 36, 37B].
No adverse effects were reported. Results appeared comparable for smoking and PA,
though more studies focused on PA, limiting direct comparisons. Moderators identified in
the possible-self interventions for PA included task self-efficacy [22] and consideration of
future consequences [21], while mediators included planning self-efficacy [27] and action
planning [25]. Overall, identity-related interventions show promise for both smoking ces-
sation and PA promotion, but optimal design and operationalization remain uncertain.
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Tailoring these interventions to individual characteristics may enhance effectiveness and
public health impact.

Building on the investigation of identity-based behavior change techniques in Chapter
3, Chapter 4 explored how such techniques could be applied within a virtual coach in-
tervention to support individuals in high-risk situations for smoking (re)lapse. Although
numerous smoking cessation interventions exist, relapse remains common [39, 40],
particularly among individuals with a lower SEP [41, 42]. In addition to the fact that inter-
ventions often do not meet the needs of the target population (as highlighted in Chapter
2)[2-4], another reason for their limited effectiveness may be that they fail to provide
timely support in high-risk situations [43, 44]. Understanding how to effectively support
people who smoke in these critical moments, when smoking-related cues increase crav-
ing and relapse likelihood [43-45], is therefore crucial for achieving long-term cessation.
Chapter 4 presented a proof-of-concept virtual coach intervention for smoking cessation,
delivered via a simulated smartphone, designed to provide just-in-time support in high-
risk situations. This virtual reality experiment examined the intervention’s preliminary
effectiveness, acceptance, and usability in a controlled yet ecologically valid way [45],
simulating a real-life high-risk situation in which participants interacted with the virtual
coach through mobile text messages. Three (re)lapse-prevention dialogs were tested in a
within-subjects design: (1) boosting motivation and self-efficacy, (2) future-self interven-
tion with implementation intentions, and (3) identity-focused positive self-talk. While all
dialogs were grounded in established behavior change techniques, the latter two identi-
ty-based strategies are relatively novel. A fourth, neutral dialog, humorously presenting
animal facts, served as an attention-control condition. Results showed no significant
differences between the four dialogs on abstinence self-efficacy (primary outcome), sub-
jective craving, or positive and negative affect (secondary outcomes). This suggests that
the identity-based dialogs had similar effects as the more traditional dialog, boosting
motivation and self-efficacy. Although unintended, the neutral dialog also yielded effects
similar to the three relapse-prevention dialogs, possibly serving as a distraction. Overall
usability and acceptance of the virtual coach were rated positively. Planned exploratory
analyses for SEP groups were not possible, as the lower-SEP group was too small despite
targeted recruitment efforts. In conclusion, virtual coach interventions show promise for
smoking cessation, as they are usable, acceptable, and can deliver immediately available
relapse-prevention support in high-risk situations. Insights from this study can guide
the development of virtual coach interventions and the operationalization of different
behavior change technique clusters in smoking cessation interventions.

Part 2: Real-world evaluation

mHealth interventions with virtual coaches can support health behavior change by
simulating human support through automated text- or speech-based interactions [5,
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46, 471, thereby enhancing engagement while offering the benefits of digital delivery
[48, 49], such as high scalability and 24/7 availability [5]. Evidence indicates that these
interventions hold promise for smoking cessation [5, 50] and PA promotion [46]. Smoking
and low PA often co-occur [51, 52], and improvements in one behavior may positively
reinforce the other [53-55]. Specifically, increasing PA can reduce nicotine cravings [53]
and withdrawal symptoms [54], while smoking cessation can improve fitness, supporting
PA engagement [55]. Therefore, we developed PF, a theory-based, smartphone-delivered
virtual coach intervention providing real-time, personalized support for both smoking
cessation and PA promotion, leveraging their behavioral synergy. Chapters 5-7 focused
on the evaluation of the first functional prototype of PF, reporting on different aspects of
the same study. Chapter 5 outlined the intervention content and study protocol, while
Chapters 6 and 7 presented findings on feasibility and acceptability, and short-term
(two-month follow-up) effectiveness, respectively.

As highlighted in Chapters 3 and 4, many existing mHealth interventions with vir-
tual coaches lack grounding in established behavior change techniques or theoretical
frameworks [5, 46], while this is crucial for increasing the likelihood of success and for
understanding the mechanisms underlying behavior change [3, 5, 56]. To address this, PF
integrates behavior change techniques commonly used in smoking cessation [57] and
PA promotion [58], as well as relevant behavioral theories, such as identity theories [59]
and the Relapse Prevention Model [60, 61]. Furthermore, as described in Chapter 2, acces-
sibility for underserved populations is crucial. PF was therefore developed collaboratively
with end-users and experts, iteratively incorporating feedback to better align the inter-
vention with the needs of individuals with lower (eHealth) literacy, SEP, or limited digital
skills. Chapter 5 described the first functional prototype of PF, detailing its components,
features, and theoretical and empirical foundations. In addition, this chapter outlined the
study protocol for the real-world evaluation of PF using a single-arm, concurrent mixed-
methods design to assess its feasibility, acceptability, and two-month effectiveness.

Limited research has examined the feasibility and acceptability of mHealth interventions
with virtual coaches [46, 50], which are essential for long-term adoption [5, 7, 47, 62, 63].
It also remains unclear who benefits the most from these interventions and under which
conditions [5, 46, 47], whereas such insights are key for enhancing engagement and
inclusivity [47, 64, 65]. Chapter 6 reported on the feasibility and acceptability of PF, as
well as associations between individual characteristics and these outcomes, and on the
feasibility of the study procedures. This final aim is particularly important for advancing
inclusive mHealth research, as many studies face high dropout rates [50] and difficulties
recruiting individuals from lower-SEP groups [4]. Results showed that PF usage varied
substantially. On average, satisfaction was moderate to high, usability was okay to good,
and virtual coach acceptance was somewhat negative. Higher usage was associated
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with greater satisfaction, usability, and coach acceptance. Frequent connection issues
with the smartwatch emerged as a disruptive factor. Qualitative findings revealed both
positive and negative experiences, such as appreciation for the coach’s anonymity and
low-threshold access, but also a desire for more varied and adaptive content. Exploratory
analyses suggested that high PF users were older than moderate and low PF users, and
that PF was perceived as similarly feasible and acceptable across SEP groups. Research
procedures and recruitment strategies proved feasible. Overall, PF demonstrated ad-
equate feasibility and acceptability and shows potential as an accessible multi-behavior
intervention. Findings provide practical directions for improving future virtual coach
interventions and optimizing engagement across diverse populations.

Despite promising findings in previous research, evidence on the real-world effectiveness
of virtual coaches for smoking cessation and PA promotion remains limited and hetero-
geneous [46, 50]. Chapter 7 reported on the two-month effectiveness of PF in terms of
smoking abstinence and PA levels, as well as associations of effectiveness outcomes with
baseline characteristics (e.g., SEP), changes in psychosocial factors (e.g., self-identity),
and PF usage. Additionally, it reported on participants’ experiences with the combined
focus on smoking cessation and PA promotion. Findings showed that seven-day point
prevalence smoking abstinence was 36.4% post-intervention and 35.4% at two-month
follow-up. Self-reported PA more than doubled immediately after the intervention and
remained above baseline at follow-up, despite some decline. Participants with lower SEP
and those who reported increases in smoking abstinence self-efficacy during the inter-
vention showed higher smoking abstinence probability, while increases in PA self-efficacy
were linked to higher PA levels. Changes in non-smoker and PA self-identity showed little
association with effectiveness outcomes. Qualitative findings suggested that participants
generally appreciated PF's multi-behavior focus and reflection on high-risk situations for
relapse prevention, but in actual high-risk moments, they preferred brief distraction and
coping tips rather than elaborate exercises or information. To conclude, PF demonstrated
potential as an accessible, scalable, multi-behavior intervention with public health rel-
evance. Lessons learned, such as the importance of smartwatch integration and targeted
support in high-risk situations, provide guidance for refining PF and developing future
virtual coach interventions.

Key insights

Building on the studies summarized above, three key insights emerged. For each of these,
promising directions, conditions under which findings may apply, and implications for
future intervention design and research are discussed. The first key insight that emerged
is as follows:
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Insight 1: Virtual coach interventions for smoking cessation and PA promo-
tion can be feasible, acceptable, and effective for lower-SEP and older indi-
viduals when developed in close collaboration with the target population.

Interdisciplinary collaboration and PPI

Both interdisciplinary collaboration and PPl were valuable approaches for the develop-
ment and evaluation of PF, helping to better align the intervention and research with the
needs, preferences, and capabilities of the target population.

Interdisciplinary collaboration within the PF team involved researchers from different
disciplines, software developers, end-users, healthcare professionals, and other experts
[1]. This collaboration fostered innovative solutions while supporting practical feasibility
and accessibility. For PF, it enabled the development of features (e.g., the personalized,
interactive ‘First-aid Kit’ designed for use in high-risk situations) that were technically
feasible and tailored to potential end-users’ needs. In addition, involving end-users and
other stakeholders throughout the design and research process particularly contributed
to developing the intervention and study procedures with the target population in mind.
This is particularly relevant in light of the ‘Limited digital inclusion’ challenge mentioned
in the General Introduction: mHealth interventions, including those with virtual coaches,
often fail to adequately reach and meet the needs of certain populations, such as indi-
viduals with lower SEP [2-5]. Findings presented in Chapter 2 contribute to understand-
ing how end-users (and other stakeholders) can be meaningfully involved in the design
and development of virtual coach interventions, addressing Research question 1. Some
important recommendations and lessons learned from our experience with PPl include:
(1) Involve end-users early and allocate sufficient resources and budget for meaningful
PPI; (2) tailor participatory activities to end-users’' needs, use creative methods to uncover
implicit needs, and step into their world; and (3) carry forward knowledge, methods, and
networks established through collaboration to support sustained use of PPl in research.

Based on the experiences from the studies in this dissertation, the collaboration with
end-users, and the findings presented in Chapter 2, several future directions and recom-
mendations for PPl are proposed. First, researchers are encouraged to foster meaningful
collaboration when implementing PPI. While PPI is increasingly recognized [10, 11] and
even required by many funders, it often appears to be implemented minimally in practice,
primarily to meet external requirements rather than to foster meaningful collaboration.
In such cases, PPl may fail to create value for all stakeholders or hinder equitable partici-
pation. Achieving meaningful PPI requires a culture change within research, including an
open attitude, a genuine willingness to collaborate, and workflows that may differ from
traditional long-term research timelines. PPl is a collaborative journey in which research-
ers are not expected to have all the answers at the start; the process is co-created with

326



Summary and general discussion

end-users. Researchers may need to embrace flexible, iterative approaches with short
cycles, allowing adjustments based on insights gained from close collaboration with end-
users. Structured yet adaptable frameworks can guide researchers while allowing adjust-
ments based on insights emerging from collaboration with end-users. Furthermore,
fruitful collaboration requires not only that end-users engage with the researchers’ world,
but also that researchers immerse themselves in the end-users’ world to gain a firsthand
understanding of their lived experience.

Second, future research should focus on consolidating and expanding PPl practices.
Many researchers still implement PPl in isolation from developments within the field of
PPI, often reinventing approaches. Researchers are encouraged to prioritize knowledge
and network sharing to strengthen the broader adoption of meaningful PPI. Transpar-
ent reporting is essential in this regard, for example by using the Guidance for Reporting
Involvement of Patients and the Public (GRIPP2) checklist [66]. A key strength of this
dissertation is that it not only presents a structured approach to PPl and highlights the
importance of transparent reporting, but also consistently applies this in practice. PPl was
integrated into the studies where it was applicable, with GRIPP2 short-form checklists
included as appendices (in Chapters 2, 4, and 6) to support accountability, reproduc-
ibility, and knowledge sharing. Sustaining PPl impact beyond individual projects may
additionally involve sharing resources openly, connecting end-users to future projects,
or embedding PPl more structurally through approaches such as Participatory Action
Research [67] or Community-Based Participatory research [68].

Third, engaging target populations in research can be facilitated by actively bridging the
gap between research and society. By connecting more closely with the broader public,
researchers can create opportunities for interaction, dialogue, and mutual learning,
which may help make research more inclusive and better aligned with the needs of tar-
get populations. This can be supported, for example, by disseminating research through
accessible channels, such as social media, podcasts, blogs, or by participating in public
science events (e.g., Lowlands’ science program [69] or ‘Weekend van de Wetenschap’
[70]). Furthermore, PPl approaches such as citizen science (in Dutch:‘burgerwetenschap’),
which involves collaboration between citizens and researchers to generate knowledge
that benefits citizens, research, and society [71, 72], offer valuable ways to strengthen
connections between research and society. Finally, creative participatory methods, in-
cluding artistic methods such as music, dance, or other cultural activities [73], may further
enhance engagement and inclusivity. Bringing research closer to society can facilitate
more meaningful PPl and promote research that is both accessible and relevant.
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Broad accessibility of interventions and research procedures

By combining interdisciplinary collaboration with the involvement of end-users and
other experts [1], PF was developed to meet the needs of individuals who are often un-
derserved by mHealth interventions, such as those with lower (eHealth) literacy or SEP
[2-5]. The mixed-methods findings of Chapters 6 and 7 provide valuable insight into
the accessibility of the first functional prototype of PF for these groups. Results showed
that PF was moderately feasible and acceptable across different SEP groups and among
a relatively older population, with a mean age of approximately 52 years. Interestingly,
participants with lower SEP reported even higher satisfaction with PF compared to those
with middle or higher SEP. However, this difference was not statistically significant, likely
due to limited power to detect small effects. Furthermore, participants with high PF usage
were significantly older than those with low or moderate usage. In terms of short-term
effectiveness, descriptive results suggested that lower-SEP participants showed higher
smoking abstinence rates at the different timepoints compared to middle- or higher-SEP
participants. However, these differences did not reach statistical significance and should
therefore be interpreted with caution. Still, the consistent pattern across timepoints
suggests a potentially meaningful trend worth examining in larger trials. No SEP-related
differences were observed for self-reported PA levels. These findings are noteworthy in
light of the ‘Limited digital inclusion’ challenge, as they suggest that PF was not only
feasible, acceptable, and effective for lower-SEP groups but may have been particularly
well suited to their needs. The intervention also appeared suitable for older adults, who
often have lower digital skills compared to younger individuals. Several design strategies
likely contributed to accessibility in these groups. Collaborative development resulted
in design choices such as the use of clear, easy-to-understand language (B1-level Dutch)
and animated educational videos to support comprehension and user-friendliness; fea-
tures that were generally positively evaluated in the qualitative interviews. Overall, these
findings indicate that virtual coach interventions for smoking cessation and PA promo-
tion can be feasible, acceptable, and effective for lower-SEP and older individuals when
developed in close collaboration with the target population (Insight 1).

The findings also underscore that efforts to improve accessibility for underserved groups
do not automatically translate into suitability for all users, which is an important consid-
eration for future intervention design. The results from Chapters 6 and 7 suggest that
PF may have been somewhat less suited for higher-SEP participants, possibly because
its design and content were intentionally simplified to enhance accessibility for those
with lower (eHealth) literacy or digital skills. Moreover, qualitative findings from Chapter
6 suggested that engagement with the intervention required a certain level of chal-
lenge and personal relevance. Specifically, participants reported the need for evolving
goals and content to maintain relevance, challenge, and a sense of progress. Although
designing for inclusivity is essential to reduce health inequalities, these efforts should be
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accompanied by the awareness that increasing accessibility for one group may simulta-
neously reduce engagement in other groups. This raises an important strategic question
for future virtual coach intervention development: should interventions aim to serve a
broad and heterogeneous audience, or be intentionally designed for a clearly defined pri-
mary target population? In practice, this requires balancing the level of personalization
needed to reach diverse users, the potential use of different interventions or adaptations
for distinct populations, and the efficient allocation of resources while ensuring that no
groups are underserved. In some cases, it may be more effective to offer different ver-
sions or delivery formats for specific user groups, rather than striving for a single highly
personalized solution that attempts to suit all. For instance, Chapter 6 showed that some
participants valued the virtual coach for its anonymity, low-threshold access, and the
sense of control they experienced, while others preferred a human coach for increased
accountability. Such insights emphasize the importance of identifying who benefits most
from which type of support and under which conditions, an area where current evidence
for virtual coach interventions remains limited [5, 46, 47]. At the same time, resource con-
straints must be considered, particularly given increasing pressure on healthcare systems
[3] and the need to avoid exacerbating — and preferably mitigating - health inequalities.
Beyond inclusive research and intervention design, practical strategies are needed to bal-
ance accessibility with resource allocation. Examples include offering interventions such
as PF as a stand-alone intervention to users who prefer self-guided support or face bar-
riers to human care, while adding low-level human support (e.g., brief human feedback
messages [74]) for those who need additional guidance. Adaptive designs that escalate
from low-intensity digital support to human involvement at certain moments [75] may
further support this balance. Future research should explore how virtual coach interven-
tions can be equitably designed, adapted, or differentiated to meet the needs of diverse
user groups, while considering resource allocation.

While the findings from Chapters 6 and 7 offer promising indications of the accessibility
and effectiveness of the first functional prototype of PF, they also highlight several limita-
tions and considerations for the generalizability of the results. Discussing generalizability
is particularly important, as transparent reporting of sample characteristics and reflection
on the generalizability of virtual coach interventions is often lacking in the literature
[47]. A first limitation concerns the SEP measurement. Due to a measurement error in the
baseline questionnaire, lower-level (1-2) and middle-level (3-4) vocational education were
merged into a single response category. Consequently, all participants with vocational
education were classified as having middle SEP, likely leading to an underestimation of
the lower-SEP group size and an overestimation of the middle-SEP group size. Moreover,
only educational level was used as an indicator of SEP, rather than including additional
indicators such as income or occupation. Nevertheless, education is a commonly used
SEP indicator and more strongly associated with smoking behavior than other SEP
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measures [76, 77]. Furthermore, the findings in Chapters 6 and 7 may not generalize to
individuals with low eHealth literacy. The sample generally demonstrated moderate to
high eHealth literacy with limited variation, and self-selection may have resulted in the
inclusion of participants who were already more comfortable with or interested in digital
tools. As a result, the findings likely reflect a group that is more digitally engaged, limiting
the generalizability to individuals with lower digital skills. In addition, this first functional
prototype of PF was developed only in Dutch, which excludes non-Dutch-speaking users.
Therefore, while PF shows promise in improving accessibility and inclusivity, these find-
ings should be interpreted within these contextual boundaries. Future research on virtual
coach interventions should clearly specify the populations to which their findings apply
to build a more nuanced understanding of who benefits most and under what condi-
tions.

In terms of accessibility, the findings from Chapters 4 and 6 also provide valuable in-
sights into the accessibility of research procedures. Chapter 6 showed that recruitment
was most successful through newsletters distributed by health insurance companies,
followed by social media advertisements (mainly Facebook) and recruitment via
personal networks. Importantly, recruitment effectiveness did not differ significantly
across SEP groups, suggesting that these strategies reached both lower- and higher-
SEP participants equally well. This is encouraging, given the documented challenges of
recruiting individuals from lower-SEP groups into digital health research [4]. However,
recruitment challenges were encountered in the study described in Chapter 4. Although
the original aim was to explore the acceptance, usability, and preliminary effectiveness
of the prototype virtual coach across SEP groups, this could not be evaluated because
most participants in the sample had middle SEP, despite targeted recruitment efforts to
include more lower-SEP individuals. A key lesson learned is that inclusive interventions
cannot be designed or evaluated without inclusive research procedures. For example, the
virtual reality study involved extensive experimental procedures and equipment, neces-
sitating data collection at the Leiden University Medical Center. In hindsight, barriers to
study participation could have been reduced by simplifying procedures and conducting
the study at more accessible or familiar locations, such as community centers. Integrating
the study into local events, workshops, or neighborhood activities might have further
enhanced accessibility. Hence, research designs and recruitment should be tailored to
underserved groups, and such considerations should be addressed early in the research
process. PPl can provide valuable insights into the daily realities of the target population
and help researchers adjust study procedures to enhance accessibility. Lessons learned
were summarized in Chapter 4 to guide future research and support more inclusive study
procedures in virtual coach interventions.
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Insight 2: mHealth interventions with virtual coaches can be suitable for sup-
porting individuals in high-risk situations for smoking relapse by providing
personalized and timely support.

Support for high-risk situations

Virtual coach interventions have the potential to support individuals in high-risk situa-
tions, when relapse to unhealthy behaviors is most likely, due to their ability to provide
timely and personalized support. Findings from Chapters 4 and 7 provide insight into
how such support can be delivered. This addresses the challenge ‘Insufficient relapse-
prevention support in smoking cessation interventions’ discussed in the General In-
troduction: despite the availability of many smoking cessation interventions, high relapse
rates suggest that support in these critical moments is often inadequate [39, 40]. The first
functional prototype of PF includes weekly dialogs with the virtual coach to encourage
users to reflect on past high-risk situations and (re)lapses, and to anticipate high-risk
situations in the upcoming week. This approach was grounded in the Relapse Prevention
Model [60, 61]. Qualitative findings from Chapter 7 indicated that participants found
these weekly reflection dialogs valuable, as they provided guidance in preparing for
future difficult moments. These findings highlight that incorporating theoretical founda-
tions can increase the likelihood of intervention success, as suggested in prior literature
[3, 5], thereby also addressing the challenge ‘Lack of evidence-based virtual coach
interventions’

While a theory-based approach encouraging reflection and planning for high-risk situ-
ations appears effective for preparing participants in advance, qualitative findings from
Chapter 7 suggested that such elaborate strategies are not preferred in high-risk situ-
ations themselves. In these situations, users preferred brief, concrete, and immediately
applicable support rather than extensive exercises, videos, or informational content. Par-
ticipants expressed a need for short distractions, practical tips, or engaging messages
to help them cope with short-term cravings. This finding was supported by Chapter 4,
in which the neutral dialog with humorous animal facts, originally intended as a control
condition, yielded outcomes comparable to the three smoking relapse-prevention dia-
logs grounded in behavior change techniques. Although the results were not statistically
significant, the neutral dialog was associated with lower tobacco craving and higher posi-
tive affect compared to the other dialogs, possibly because the humorous animal facts
served as a simple distraction from smoking urges. This aligns with previous literature
suggesting that distraction-based strategies might help individuals manage cravings in
the moment [78, 79]. Findings from Chapters 4 and 7, and the input from the PF end-users
advisory panel, further indicate that in-the-moment support should be brief, enjoyable,
and easily applicable, helping individuals endure cravings without lapsing. For example,
an advisory panel member noted that peeling mandarins during cravings was a practi-
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cal way to redirect attention from smoking. Together, these findings suggest that virtual
coach interventions can support individuals in high-risk situations by providing person-
alized and timely support (Insight 2). Specifically, a combination of reflection on past
high-risk situations and learning coping strategies before and after high-risk situations,
and brief, distraction-based support in the moment may help individuals manage relapse
risks and cravings effectively. Further research should explore which types of concrete
tips, distractions, or other forms of in-the-moment support are most effective in helping
users cope with cravings and maintain abstinence. It is also important to note that these
findings primarily relate to support for smoking-related high-risk situations, as Chapter 4
focused solely on smoking, and participants in Chapter 7 mainly discussed this topic in
relation to smoking cravings and relapses. This is expected, as smoking cravings are more
salient and noticeable than fluctuations in PA motivation. Future studies could therefore
investigate whether similar support strategies can also help individuals overcome barri-
ers to engaging in PA.

The findings of this dissertation also provide insight into the potential of identity-related
strategies for relapse-prevention support and their use in virtual coach interventions for
smoking cessation and PA promotion in general. Chapter 3 suggests that identity-related
interventions show promise for both behaviors, but their optimal design and application
remain unclear. Chapter 4 further explored the application of identity-based strategies
by examining their use within a proof-of-concept virtual coach in high-risk situations for
smoking relapse. The results indicated that the two identity-based dialogs performed
comparably to a more traditional motivation- and self-efficacy-boosting dialog. Although
the identity-based dialogs did not perform worse than the more established dialog, the
results might suggest that high-risk situations may not be the optimal context for apply-
ing identity-related strategies, at least in the form examined in this virtual reality study.
These findings also align with the previously discussed observation that participants in
such situations tend to prefer briefer and more distraction-based support, as illustrated
by the outcomes of the neutral dialog with humorous animal facts. Furthermore, Chapter
7 explored identity-related processes in the context of the first functional prototype of PF.
Qualitative findings suggested that some participants experienced shifts in non-smoker
self-identity, indicating potential effects of the identity-based strategies integrated into
PF. However, qualitative feedback on this topic was limited and not observed for PA self-
identity. In addition, quantitative analyses showed no significant association between
self-identity changes and smoking abstinence or self-reported PA, but this may also be
due to relatively high baseline non-smoking and PA self-identity in the sample, or the
study being underpowered to detect such effects. Taken together, these findings indicate
that identity-related strategies are promising, but further research is needed to clarify
how and when they can be optimally integrated into virtual coach interventions.

332



Summary and general discussion

Alimitation of the research conducted for this dissertation concerns the lack of integration
of the proof-of-concept virtual coach study results (Chapter 4) into the first functional
prototype of PF (Chapters 5-7). Ideally, findings from Chapter 4 on the preliminary effec-
tiveness of support strategies for high-risk situations would have informed the design of
brief, distraction-based support in PF, co-created with end-users, and subsequently evalu-
ated in the mixed-methods study. Although this was planned, it appeared unfeasible due
to conflicting timelines. The experimental design and ethical approval process of Chapter
4 were time-intensive, and recruitment of lower-SEP participants was challenging, result-
ing in delays. Meanwhile, the development of the first functional prototype of PF had
already progressed, as intervention content creation, software development, testing,
refinement, and evaluation required multiple years. This reflects a broader challenge in
eHealth research: the rapid, iterative development cycles of digital interventions often
do not align with the more rigid and lengthy timelines of traditional research designs
[8, 64]. Therefore, it is recommended to use more rapid and flexible study designs, such
as the Multiphase Optimization Strategy (MOST)[80], alongside shorter, iterative evalua-
tion cycles, which can facilitate more efficient testing of proof-of-concept components
in digital interventions, as also suggested in recent literature [3, 56, 64]. Nevertheless,
involving end-users throughout the development process proved highly valuable in this
project, as insights from the end-user advisory group could be quickly integrated into PF's
design choices and intervention components. Future research should therefore consider
combining PPl with more adaptive evaluation approaches. This would enable preliminary
findings to inform subsequent development steps and thereby enhance the relevance,
usability, and effectiveness of virtual coach interventions.

Overall, the results from Chapters 3, 4, and 7 provide important insights into evaluating
and incorporating (emerging) behavior change techniques into virtual coach interven-
tions for smoking cessation and PA promotion, addressing Research question 2.

Insight 3: Virtual coach interventions can be feasible, acceptable, and effec-
tive in the short-term in real-world settings when combining theory-based
content, personalization, and a dual-behavior focus.

Virtual coach interventions for smoking cessation and PA promotion

The previous sections discussed PF’s feasibility, acceptability, and two-month effective-
ness, as well as key considerations, limitations, future directions, and initial implications
for implementation, thereby addressing Research question 3. In short, the findings from
Chapters 6 and 7 indicated that the first functional prototype of PF was moderately
feasible and acceptable, and showed promise as an accessible, multi-behavior virtual
coach intervention. At two-month follow-up, PF achieved a promising smoking absti-
nence rate of approximately 35%, a conservative estimate based on the Russell Standard
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(i.e,, classifying participants with missing data as smoking)[81]. In addition, participants
reported increased PA levels compared to baseline at the same time point. Findings also
provided preliminary indications that PF could be used as a stand-alone intervention or
alongside other support, such as smoking cessation medication. Chapter 5 presented a
comprehensive overview of PF, describing its components and features, their intended
aims, and the supporting evidence. Together, Chapter 5 and the findings from Chapters
6 and 7 address the challenge of ‘Limited reporting transparency and heterogeneous
evidence on virtual coach interventions’ outlined in the General Introduction. Below,
three key elements emerging from these findings are highlighted as particularly promis-
ing or important for informing the development of future virtual coach interventions.

First, grounding virtual coach interventions in relevant behavior change techniques and
theoretical frameworks is crucial for increasing the likelihood of success and understand-
ing mechanisms of behavior change [3, 5]. This approach was intentionally applied in PF.
Qualitative feedback from Chapter 7 reflected several evidence-based strategies embed-
ded in PF, such as self-monitoring and problem-solving in high-risk situations, and linked
these strategies to behavior changes. This suggests that these strategies contributed to
the promising smoking abstinence and PA outcomes. By transparently reporting PF’s con-
tent and theoretical foundations, employing a mixed-methods approach, and examining
associations between individual factors and outcomes in Chapters 5-7, this dissertation
provides insights into user experiences, potentially active intervention ingredients,
and contextual influences on outcomes. In doing so, it contributes to the cumulative
knowledge base on virtual coach interventions, while addressing the challenges ‘Lack
of evidence-based virtual coach interventions’ and ‘Limited reporting transparency
and heterogeneous evidence on virtual coach interventions’. Finally, by making PF’s
intervention development [1], content [82], technical architecture [83], and source code
[84] publicly available, we aimed to promote reusability, accessibility, and facilitate future
research on virtual coach interventions.

Second, personalization is crucial for increasing the success of virtual coach interventions.
Chapter 6 revealed substantial variation in participants’ experiences of PF’s feasibility, ac-
ceptability, and appreciation of specific components, and qualitative feedback suggested
that engagement was higher when the intervention felt personally relevant. These find-
ings align with prior literature highlighting the importance of interactive and tailored
interventions [56, 64, 85]. PF already incorporated several personalization strategies, such
as allowing users to choose exercises or the duration of their preparation phase, which
participants valued. However, feedback also identified opportunities for further person-
alization. For instance, the participants noted that the virtual coach was not always suf-
ficiently adaptive to their input or personal situations, indicating the potential for greater
content variation and responsiveness. Emerging technologies, such as large language
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models, could enhance adaptability and personalization [5, 46, 50, 85, 86], though care is
needed to maintain accuracy, consistency, and safety. Furthermore, as engagement can
change over time [87], personalization based on dynamic user states (e.g., motivation,
self-efficacy) may further support engagement and effectiveness in future virtual coach
interventions [74, 88].

Third, targeting both smoking cessation and PA promotion in a single multi-behavior
intervention appears promising. Although no significant quantitative association was
observed between smoking abstinence and self-reported PA levels, qualitative findings
in Chapters 6 and 7 showed that the combined focus of PF was positively received. Most
participants indicated in the interviews that they valued the dual-behavior approach
for several reasons. For instance, they described PA as a pleasant distraction from smok-
ing, noted that PA felt easier as their fitness and energy improved after quitting, and
experienced changing both behaviors as contributing to their broader health goal. These
findings align with previous literature and reflect the assumed synergy between smoking
cessation and PA promotion [52-55]. The addition of the smartwatch likely contributed to
this, as participants found it motivating, allowing them to monitor progress and receive
personalized feedback, which made PA more rewarding. At the same time, the smart-
watch posed challenges. Frequent connection issues between the smartwatch and the
virtual coach disrupted the intervention, were reported as a reason for early dropout, and
likely reduced overall PF usage. Moreover, these issues led to a high percentage of miss-
ing objective PA data (approximately 57%). In addition, self-reported PA data were highly
skewed, with extreme outliers. This limits the reliability of absolute values, although
within-subject trends likely still provide useful information. These data limitations may
have contributed to the lack of a significant quantitative association between smoking
abstinence and self-reported PA levels. Had reliable smartwatch data been available, this
could have offered richer insights into this association as well as into PA changes over
time. Future studies could further investigate the dynamic interplay between smoking
cessation and PA promotion in virtual coach interventions by integrating (smartwatch-
based) Ecological Momentary Assessment methods for both smoking behavior [89] and
PA [90]. Lessons learned regarding smartwatch implementation were reported in Chapter
6, providing guidance for future research.

Overall, the findings of this dissertation indicate that virtual coach interventions can be
feasible and acceptable, and show potential for supporting short-term smoking cessation
and PA, especially when combining theory-based content, personalization, and a dual-
behavior focus (Insight 3). The findings lay important groundwork for follow-up research
evaluating PF’s long-term effectiveness at 6- and 12-month follow-up, which will provide
insights into the potential to facilitate long-term behavior change and further inform the
development of virtual coach interventions.

335



Chapter 8

General conclusions

This dissertation focused on the content development and design (Part 1) and real-world
evaluation (Part 2) of mHealth interventions with virtual coaches, thereby addressing key
challenges identified in the literature.

To address the first challenge, ‘Limited digital inclusion’, this dissertation highlights the
importance of interdisciplinary collaboration and PPI, and designing interventions and
research procedures with broad accessibility in mind. A practical, step-by-step approach
for meaningful PPl in eHealth research, including virtual coach interventions research,
was shared. The studies in this dissertation resulted in the first main insight: virtual coach
interventions for smoking cessation and PA promotion can be feasible, acceptable, and
effective for lower-SEP and older individuals when developed in close collaboration with
end-users.

Building on the second challenge, ‘Lack of evidence-based virtual coach interven-
tions’, and the third challenge, ‘Insufficient relapse-prevention support in smoking
cessation interventions’, this dissertation highlights the importance of grounding
virtual coach interventions in relevant behavior change techniques and theory. Insights
were shared on their application in high-risk situations for smoking relapse, as well as on
incorporating and evaluating emerging approaches, such as identity-related techniques.
The findings resulted in the second main insight: mHealth interventions with virtual
coaches can be suitable for supporting individuals in high-risk situations for smoking
relapse by providing personalized and timely support.

Addressing the fourth challenge, ‘Limited reporting transparency and heterogeneous
evidence on virtual coach interventions’, this dissertation contributes to transparent
intervention reporting and real-world evaluation to improve understanding of active
ingredients, behavior change mechanisms, and contextual factors, enhance reusability,
and build a cumulative knowledge base. The real-world evaluation of PF’s first functional
prototype led to the third main insight: virtual coach interventions can be feasible, ac-
ceptable, and effective in the short term when combining theory-based content, person-
alization, and a dual-behavior focus.

Overall, this dissertation represents a crucial step in developing and evaluating accessible

virtual coach interventions to support smoking cessation and PA, demonstrating the
potential of such multi-behavior interventions to benefit public health.
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