
Introduction
Tobacco use remains one of the most significant 
preventable causes of mortality worldwide.1 Statistics 
indicate that in developed countries, 24% of male deaths 
and 7% of female deaths are tobacco-related.2 Recent 
studies have confirmed that smoking cessation, even 
during middle age, can prevent up to 90% of tobacco-
associated risks.3

In recent decades, mobile health (mHealth) technologies 
have emerged as effective smoking cessation tools.4 

These technologies are developed based on technology 
acceptance theories like the Technology Acceptance 
Model (TAM)5 and the Theory of Planned Behavior 
(TPB).6 Research demonstrates that perceived usefulness 
and ease of use play pivotal roles in their adoption.7

Applications like Sense2Quit employ a comprehensive 
approach by integrating wearable sensor data with 

psychological interventions.8 They utilize Social Cognitive 
Theory (SCT)9 and Self-Determination Theory (SDT)10 to 
enhance users’ self-efficacy and intrinsic motivation.

Despite their promise, challenges persist, including 
digital literacy barriers among elderly users11 and privacy 
concerns.12 Studies show that organizational factors (e.g., 
technological infrastructure13 and supra-organizational 
factors (e.g., social norms)14 also influence adoption.

In developing countries, there are also additional 
obstacles, such as limited internet access15 and high device 
costs.16 However, solutions such as SMS-based versions17 
and simplified interfaces18 may improve accessibility. 
This study bridges current scholarly deficiencies through 
analysis of these factors.19

This study employs a systematic Meta-synthesis 
approach to investigate research gaps in smoking cessation 
applications. The primary focus centers on identifying 
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Abstract
Background: Cigarette smoking remains a leading cause of preventable deaths worldwide, with significant health and economic 
consequences. Mobile health (mHealth) applications such as Sense2Quit, which integrate advanced technologies (e.g., smart 
watch-based detection of smoking gestures) and leverage technology acceptance theories (TAM, TPB, UTAUT), have emerged as 
innovative tools for smoking cessation.
Methods: This study employed a Meta-synthesis of 38 studies retrieved from reputable databases to evaluate factors influencing 
app acceptance at individual organizational and supra-organizational levels. The research adopted an interpretive-critical meta-
synthesis approach, following the methodological framework established by Sandelowski and Barroso. Thematic coding was 
simultaneously applied to extract emerging concepts from qualitative data. The data extraction and coding were performed 
manually through dual researcher consensus to ensure rigorous interpretation of qualitative content, particularly given the limited 
number of eligible studies. 
Findings: Findings revealed that Sense2Quit excels in high-accuracy detection of smoking gestures, personalized interventions 
(e.g., progress tracking, Cognitive-behavioral exercises, and social support), and user-centered design, particularly among high-
risk populations such as people living with HIV (PWH). Key acceptance factors included perceived usefulness, ease of use, 
intrinsic motivation (aligned with SDT), and technological infrastructure compatibility.
Conclusion: However, challenges such as limited digital literacy among older adults and chronic patients and socio-economic 
barriers in developing countries were identified. Proposed solutions include localized user interfaces, collaboration with local 
institutions, and policy reforms. Ultimately, Sense2Quit exemplifies how blending technical innovation with community-specific 
interventions can enhance smoking cessation efforts, while underscoring the need to address contextual challenges and strengthen 
digital infrastructure for broader public health impact.
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and examining influential factors at three distinct 
levels: individual (perceived usefulness and intrinsic 
motivations), organizational (technological infrastructure 
and training), and supra-organizational (social norms and 
data security), which have received insufficient attention 
in previous research on the Sense2Quit application.

Through critical analysis of these factors, the research 
delineates existing knowledge gaps. The findings enable 
healthcare administrators and policymakers to develop 
more precise implementation strategies for Sense2Quit 
in real-world settings by integrating these multi-level 
considerations. This approach facilitates customized 
adaptation of the application to meet specific population 
needs while addressing technological, cultural, and 
economic barriers, ultimately establishing a practical 
action plan to enhance the effectiveness of digital health 
interventions.

Methods
A Meta-synthesis study was conducted on the 
implementation of the Sense2Quit application. This 
research identified factors relevant to the technology, 
potential modifications needed for its use, as well as its 
limitations and challenges. The conducted Meta-synthesis 
is of the interpretive-critical type, which aligns with the 
objectives of the research:
a.	 Interpretation of findings within technology 

acceptance theories 
b.	 Systematic critique of practical challenges (e.g., the 

digital divide in developing countries) 
c.	 Presentation of context-specific solutions based on 

data synthesis
This interpretive-critical meta-synthesis was conducted 

following the methodological framework outlined by 
Sandelowski and Barroso for the synthesis of qualitative 
research.20 This approach was selected for its rigorous, 
systematic process that facilitates not only the summary 
but also the interpretive and critical analysis of findings 
across studies, allowing for the generation of new insights 
and practical knowledge.

This study employed a mixed-method (thematic-
theoretical) approach. Data analysis was grounded in a 
predefined theoretical structure, which included factors 
at individual, organizational, and extra-organizational 
levels, alongside technology acceptance theories (e.g., 
TAM, TPB, SDT). Thematic coding was simultaneously 
applied to extract emerging concepts from qualitative data, 
such as user feedback, challenges, and recommendations. 

Our analytical approach employed a multi-theoretical 
framework (TAM, SDT, RAT, TPB) as sensitizing 
concepts to guide the thematic analysis. This hybrid 
approach combined both theory-driven and data-driven 
coding processes. Initially, we developed a preliminary 
coding framework based on key constructs from each 
theoretical model. During iterative coding cycles, we 

actively identified and delineated overlapping constructs 
across theories (e.g., differentiating between ‘perceived 
behavioral control’ in TPB and ‘autonomy’ in SDT) while 
remaining open to emergent themes from the qualitative 
data. This process allowed us to create a nuanced 
understanding of how these theoretical constructs 
manifested in the context of smoking cessation apps while 
maintaining theoretical integrity.”

Data analysis and process
The data extraction and coding were performed manually 
to ensure in-depth interpretation of the qualitative 
content. This method has provided a controlled volume 
of data (a limited number of reviewed studies) and 
highlighted the need for nuanced analysis beyond 
mechanical classification.

The analysis followed an iterative process of thematic 
synthesis. After manual coding of the findings from 
the included studies, similar codes were grouped into 
descriptive themes. These themes were then refined and 
abstracted into analytical themes through discussion and 
consensus among the research team. To ensure validity, 
the emergent themes were constantly checked against 
the original data (going back to the source studies). The 
multi-theoretical framework (TAM, SDT, RAT, and TPB) 
was used as a sensitizing device throughout this process; 
the themes were actively mapped onto and interpreted 
through the lens of these theoretical constructs.

Role of Quantitative Data: Any quantitative data 
(e.g., counts of studies) presented are purely descriptive 
in nature. Their purpose is to provide context and an 
overview of the study characteristics. They did not inform 
the qualitative synthesis process itself, which was based 
entirely on an in-depth analysis of qualitative themes and 
patterns.

We aimed to investigate the factors influencing 
the acceptance of Sense2Quit technology to address 
limitations in prior research, including: 1) The limited 
scope of earlier studies, particularly concerning the 
application of this technology across diverse communities, 
especially in developing regions. 2) The absence of 
comprehensive strategies for adapting the technology 
to different societal contexts, with a focus on evaluating 
intervention methods, mobile applications, and their 
efficacy in supporting smoking cessation efforts.

Study selection and criteria
Six core thematic criteria were established to guide the 
selection of literature on Sense2Quit applications: 1. 
Removal of duplicate entries, 2. Exclusion of studies 
unrelated to the research goals, 3. Focus on smoking 
cessation as the primary outcome, 4. Incorporation of 
technology acceptance frameworks (e.g., TAM, UTAUT, 
SDT), 5. Restriction to mobile-based interventions 
(excluding web-only platforms), 6. Requirement of 
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empirical quantitative/qualitative data.
A comprehensive search was conducted across multiple 

academic databases, including Google Scholar, Semantic 
Scholar, Scopus, and Web of Science (WOS), to identify 
relevant publications. 

According to Table 1, out of 750 initial articles selected 
for review, only 38 articles were approved, and the other 
articles were rejected. Other articles were excluded 
because they didn’t match the objectives of the present 
research. 

The final 38 studies were analyzed through: 1. 
Interpretive-critical Meta-synthesis (the integrated 
methodology involves three key phases: Open coding 
(Theme identification); 2. Manual coding; Theory-
driven (TAM/UTAUT/SDT integration), Data-driven 
(emerging themes); 3. Validation (Independent review by 
two researchers, Consensus meetings for discrepancies).

The literature screening process was conducted by 
two independent reviewers based on the predefined 
inclusion/exclusion criteria (detailed in Table 1). 
Initially, both reviewers screened a small pilot sample (30 
articles) together to ensure a consistent understanding 
of the criteria. Following this calibration, each reviewer 
screened the remaining titles, abstracts, and full texts 
independently. All disagreements between the reviewers 
were discussed in detail during consensus meetings until 
a unanimous decision was reached for every study. No 
third arbitrator was needed as all conflicts were resolved 
through discussion. This rigorous process ensured the 
reliability and objectivity of the study selection.

Results
The integration of technology acceptance theories, 
including TAM, TPB, and RAT, into smoking cessation 
applications enables the development of tools that are 
both technologically advanced and psychologically 
effective. By combining these theories, applications like 
Sense2Quit can facilitate meaningful behavioral change 
while ensuring user-friendly design and personalized 
support. 

Sense2Quit exemplifies this approach by leveraging 
TAM principles to enhance usability while employing 
data-driven strategies to deliver tailored interventions. 
This dual focus addresses both the practical and 
psychological aspects of smoking cessation, creating a 
more comprehensive solution. 

The acceptance of such technologies is influenced by 
factors spanning individual, organizational, and supra-
organizational levels. Individual adoption depends on 
perceived usefulness and ease of use, while organizational 
and broader societal factors, such as institutional 
support and social norms, play equally critical roles. 
Together, these elements highlight the importance of a 
multifaceted approach in designing effective digital health 
interventions.

Table 2 represents the factors related to technology 
acceptance theories and smoking cessation applications, 
such as individual, organizational, and supra-
organizational factors. This table systematically illustrates 
the interconnectedness between intervention strategies, 
their theoretical foundations, and expected outcomes. Each 
column is logically linked to the next, demonstrating how 
practical measures are rooted in technology acceptance 
theories (e.g., TAM, UTAUT, SDT) to yield specific 
results. By integrating qualitative insights with established 
theories, it provides a clear roadmap from design to 
implementation and outcome evaluation. This table 
aims to demonstrate links between theoretical concepts 
and field observations, not to quantify relationships. ‌The 
synthesis of theories was not intended to reduce them to 
a single framework, but rather to extract complementary 
patterns across different levels of analysis.

Overview of Sense2Quit features and advantages
Sense2Quit is a mobile application that integrates 
wearable device data with behavioral interventions to 
provide personalized smoking cessation assistance. By 
monitoring user behavior through sensors and self-
reports, it offers tailored feedback and employs evidence-
based techniques like cognitive-behavioral therapy and 

Table 1. Literature screening process

Screening Phase Initial Records Excluded Exclusion Reasons (Code) Remaining Remarks

Identification 750 - - 750
Databases: Scopus, Scholar, semantic Scholar, WOS 
(web of science)

Duplicate Removal 750 210 DU 540 Automated tools: EndNote X9

Title/Abstract Screening 540 360
IR: 340
NS: 20

180
IR: Irrelevant to tech acceptance 
NS: Not smoking 

Full-Text Assessment 180 142
EX1: 67
EX2: 46
EX3: 29

38
EX1: No tech acceptance model 
Ex2: Non-mobile interventions
EX3: Insufficient empirical data

Final Included Studies 38 - - 38 Includes 5 Direct Sense2Quit studies

Exclusion code keys of Table 1:
DU: Duplicate records. 
IR: Irrelevant to research objectives, NS: Not focused on smoking cessation. 
EX1: Lacks technology acceptance theories (TAM/UTAUT/SDT/etc). 
EX2: Non-mobile interventions (e.g., web-based only).
EX3: Lacks quantities/qualitative empirical data.
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mindfulness training to help users manage cravings and 
modify habits. The platform includes motivational alerts, 
progress tracking, and educational resources to support 
the quitting process.

This research evaluates the effectiveness of digital 
cessation tools like Sense2Quit across diverse populations. 
Through comparative analysis of implementation data, 
the study examines how such technological solutions 
can be optimized for different user groups, focusing on 
real-world efficacy and behavioral outcomes in smoking 
cessation efforts. 

The Table 3 presents key comparisons: 
Table 3 presents a comparative analysis of studies 

evaluating the Sense2Quit application, organized by 
key demographic and acceptance factors. The columns 
demonstrate important relationships; age ranges 
correlate with specific acceptance factors (e.g., older users 
emphasized ease of use), while challenges and limitations 
directly informed improvement suggestions. The 
feedback column validates how well the app addressed 
the identified factors. This structured comparison reveals 
how demographic differences influence both the app’s 
effectiveness and needed adaptations.

Previous research on smoking cessation has explored 
mobile health (mHealth) interventions incorporating 
elements like social support monitoring, mindfulness 
exercises, and customized messaging. While some of these 
studies have demonstrated the effectiveness of mHealth 
over time, the Sense2Quit app stands out by addressing 
discrepancies between user and expert feedback, 
identifying knowledge gaps, and enhancing the program 
with professional graphic design to boost visual appeal. 
Additionally, it tracks smoking patterns, expenditures, 
and offers distractions like games and videos through 
reminders. Unique to this app is its specific focus on 
people with HIV (PWH) alongside general smokers. 

Discussion
This Meta-synthesis reveals that Sense2Quit represents a 
significant advancement in smoking cessation technology, 
particularly through its integration of wearable sensors, 
psychological interventions, and community features. 
The application’s effectiveness stems from its alignment 
with established technology acceptance theories.

Our findings demonstrate the value of a multi-
theoretical approach in understanding complex health 
technology adoption. Rather than applying these theories 
in isolation, we found them to be complementary lenses 
that address different aspects of the adoption process. 
For instance, while TAM effectively captured utilitarian 
aspects (perceived usefulness), SDT provided deeper 
insights into motivational mechanisms (autonomy, 
competence). The identified overlaps between constructs 
(e.g., between TPB’s perceived behavioral control and 
SDT’s autonomy) were not contradictions but rather 
represented different dimensions of user experience that 
could be leveraged for more holistic intervention design.

The relationship between qualitative findings and 
theoretical frameworks
The qualitative findings of this study clearly support 
and, in some cases, extend the employed theoretical 
frameworks. For instance, the theme “High accuracy in 
gesture detection (Table 3),” extracted from user data, 
maps directly onto the “Perceived Usefulness” construct in 
the TAM model (Table 2), as users identified this accuracy 
as a key factor for the app’s usefulness in monitoring 
their behavior. Simultaneously, this same theme is also 
linked to the “Objective Feedback” construct in SCT, as 
this capability allows users to clearly see their progress, 
thereby enhancing their self-efficacy. On the other hand, 
the theme “Privacy concerns,” which was particularly 
prominent among individuals living with HIV (Table 3), 
while related to the “Perceived Control” construct in TPB 

Table 2. Multilevel determinants of smoking cessation app adoption: Theory-practice integration

Analysis Level Key Factors (from qualitative findings)
Theoretical 
Support 

Intervention 
(Operational action)

Expected Outcomes
References (related 

to the theory)

Individual

Perceived usefulness/ease of use TAM

•Reward systems 
•Gamification elements

•Higher adoption rates
•Sustained user 
engagement

21

Expectation- performance gap ECT 22

Mental norms TPB 23

Self-efficacy PCUT 24

Intrinsic/extrinsic motivation SDT 25

Organizational

Technological infrastructure RAT

•Staff training programs
•Online support systems 

• Improved 
organizational adoption
•Reduced resistance

26

Management support UTAUT 27

Training/resources SCT 28

Social/cultural norms DOI 29

Supra-Organizational

Government policies/general culture DTPB

• NGO partnerships
• Financial incentives 

•Supportive ecosystem
•Equitable access

30

Media and advertising DTPB 31

Security/privacy (for health data) TPB 32

Economic barriers (e.g., internet costs) UTAUT 33
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(Table 2), demonstrates that this construct can become a 
barrier in sensitive contexts, suggesting a need to extend 
the theory.

Our analysis demonstrates that Sense2Quit 
systematically incorporates principles from technology 
acceptance theories, including TAM and SDT. Within 
the TAM theory, perceived usefulness is achieved 
through accurate gesture detection, while perceived ease 
of use is ensured via a simplified user interface. The 
SDT components are implemented through: autonomy 
(enabled by personalized goal-setting features like gradual 
reduction targets), competence (reinforced through 
visual progress tracking with charts and daily challenges), 
and relatedness (facilitated by support communities). 
These theory-driven implementations establish a robust 
foundation for the program’s effectiveness.21-25 Our 
findings both corroborate and extend prior evidence 
on multidimensional interventions.22,23,24 The observed 
variations appear to be influenced by demographic 
factors, particularly when comparing urban versus 
rural populations, along with differences in assessment 
methodologies and socio-cultural contexts. While 
existing studies reported optimal outcomes in controlled 
settings, our more diverse sample revealed significant 
implementation challenges across different community 
contexts. These results highlight how intervention 
effectiveness depends substantially on contextual 
adaptation, suggesting the need for more flexible program 
designs that account for population-specific needs and 
circumstances.21-25

Individual, organizational, and supra-organizational 
barriers and strategies
Organizational adoption barriers identified in prior 
research26,27, including technological infrastructure and 
staff training, are addressed through Sense2Quit’s built-
in psychological support systems and user-friendly 
design.28,29 The application particularly shows promise 
for underserved populations like people living with 
HIV (PWH), where its confidentiality safeguards and 

tailored motivational interviews overcome stigma and 
literacy barriers. The supra-organizational dimension 
reveals critical cultural and infrastructural challenges 
in developing countries. While social norms and data 
privacy concerns present obstacles,30-33 Sense2Quit’s 
adherence to security standards and community features 
helps mitigate these issues. However, limitations persist 
regarding technology access among older adults and low-
income populations, necessitating SMS-based alternatives 
and offline functionality.

Comparative analysis demonstrates Sense2Quit’s 
technical superiority over conventional cessation 
tools, particularly in gesture detection accuracy and 
customizable features. Yet behavioral barriers like post-
cessation weight gain and technology literacy gaps remain 
challenges requiring future design improvements. The 
study confirms that successful digital cessation programs 
must balance theoretical rigor with practical adaptability. 
Sense2Quit’s holistic approach-combining sensor 
technology, psychological principles, and community 
support, positions it as an evidence-based solution capable 
of addressing diverse demographic needs while advancing 
public health objectives.34-38

Comparative analysis of Sense2Quit and other smoking 
cessation applications
Compared to established smoking cessation apps, 
Sense2Quit demonstrates unique advantages but also 
faces methodological limitations. While apps like 
*Smoke Free* rely on robust randomized controlled trial 
(RCT) evidence and *Quit Now* emphasizes financial 
motivation, our approach integrates accurate sensor-
based detection with psychological theory (SDT/TAM), 
offering a novel behavioral tracking method. However, 
unlike *Flamy*, which has been validated in diverse 
populations, our current evidence comes from smaller 
pilot studies, primarily focusing on high-risk groups (e.g., 
PWH). This limits generalizability compared to broader 
trials supporting other apps.

Our comparative analysis not only describes different 

Table 3. Studies related to the Sense2Quit application and factors related to technology acceptance

Age groups (year)
Factors affecting app 
acceptance

Challenges & limitations improvement Suggestions 
Feedback 
(Key Findings)

Ref.

27-73
(avg.: 53)

•Ease of use 
•Real-world relevance
•Aesthetic design

•Post-cessation weight gain 
•Inaccurate daily smoking 
count

•Weight management 
strategies
•Meditation for distractions

•Positive user evaluations
•Need for expert involvement

34

30-76
(avg.: 54)

•Trigger identification (post-
meal, coffee) 
•Motivational messages

•Substance substitution
•Smoking as a stress coping 
mechanism 

•Support chatrooms
•Personalized tools (family 
photos)

•Effective for chronic disease 
management 

35

All age groups;
(HIV focus)

•Contextual reminders
•Distraction tools (games, 
videos)

•Lack of HIV-specific features
•Privacy concerns

•Online motivational 
counseling
•Stress-reduction therapies

•Adaptable for PWH 36

All age groups
•Easy access to motivational 
content
•Cessation reminders

•Digital literacy barriers 
(especially the elderly)

•Reward systems
•Peer support features

•Positive health behavior 
changes

37

34-71
(avg.: 59)

•Complex hand movement 
detection (high accuracy) 

•Inaccurate cigarette counting 
in other apps 
(user trust decline)

•Integration of CNN models 
(for higher accuracy)

•Reliable cessation tool 38
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features but also provides insight into why their 
effectiveness varies. For example, the feature “Easy 
setup and simple user interface” is not a secondary 
characteristic but rather a fundamental prerequisite for 
specific populations such as the elderly or individuals 
with low digital literacy. This feature directly impacts 
the “Perceived Ease of Use” construct in TAM and is a 
necessary condition for initial engagement (Table 2). 
In contrast, the feature “Synchronization with wearable 
gadgets,” while attractive to younger populations, can 
have an inverse effect on older or low-income users due 
to economic barriers and technical complexity, thereby 
weakening their “Perceived Control.” Therefore, the 
effectiveness of a feature is not intrinsic but rather a 
function of its fit with the user’s needs, abilities, and 
cultural context (Table 3).

However, several challenges were identified, including 
individual barriers (such as post-cessation weight gain 
and using smoking as a coping mechanism), technological 
limitations (inaccurate consumption tracking and 
complexity for elderly users), and contextual concerns 
(particularly privacy issues among specific groups like 
HIV patients). In response to these challenges, various 
solutions were proposed. Individual-focused approaches 
included integrating meditation and weight management 
strategies, technological solutions involved improving 
motion detection accuracy and simplifying user interfaces, 
while contextual solutions featured secure support 
systems and specialized online counseling. User feedback 
consistently emphasized the importance of user-friendly 
design, support features, and motivational content.34-38

Future research and recommendations
The findings of this study demonstrate that Sense2Quit’s 
primary distinction from conventional smoking 
cessation programs lies in its intelligent integration of 
technological and psychological approaches. While most 
existing applications focus either on hardware aspects 
(e.g., consumption tracking) or rely solely on behavioral 
interventions, this program combines objective data from 
wearable sensors with theories like SDT and TAM,5,10 
enabling the design of more personalized interventions. 
Such a comprehensive approach not only facilitates 
a deeper understanding of consumption patterns but 
also creates greater flexibility in designing solutions 
tailored to users’ cultural and individual differences.8,19 
However, implementation experiences across different 
contexts reveal that even such advanced systems face 
significant adoption challenges without consideration of 
infrastructural limitations and generational gaps in digital 
literacy.11,15 These findings emphasize the necessity of 
developing locally adapted versions and investing in user 
digital education, and future large-scale studies should 
validate these technological advantages against traditional 
self-report methods used in most cessation apps.

Overall, the analysis of studies reveals that the most 
significant acceptance factors are ease of use, appealing 
design, personalization features, and content relevance 
to users’ real-world needs. This implies that the success 
of these applications requires integrating technical, 
psychological, and social aspects.

Although this Meta-synthesis provides valuable 
insights into the acceptance of Sense2Quit, it has several 
limitations: 1. The limited number of direct studies, 2. 
Focus on specific populations, and 3. Lack of data from 
developing countries. These limitations highlight the 
need for future research to generalize the findings across 
different contexts.

Conclusion 
Sense2Quit represents a paradigm shift in smoking 
cessation technology by merging technical innovation 
with community-specific intervention. Its success in 
engaging PWH highlights the importance of tailored 
mHealth solutions, setting a benchmark for future 
applications at underserved populations.

While Sense2Quit shows promise as an advanced tool 
for smoking cessation, its success in developing countries 
depends on addressing systemic barriers through 
localized adoptions, community engagement, and policy 
support. By leveraging technology acceptance theories 
and prioritizing contextual needs, this application can 
bridge gaps in smoking cessation efforts and contribute to 
public health advancement in this region.
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