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Abstract

Background: The epidemic of tobacco use has posed huge challenges to global
public health. Consequently, tobacco control is crucial in achieving the United
Nations Sustainable Development Goal 3 (good health and well-being). Smoking, as
one of the most prevalent forms of tobacco use, is a leading cause of preventable
morbidity and mortality worldwide. One measure of tobacco control is launching
smoking cessation programmes, which have been recognised as an effective
method to support individuals in quitting smoking. Smoking cessation programmes
can be delivered through various approaches, including mobile applications (apps).
According to the most updated data of the World Health Organization in 2024, China
is the world's largest producer and consumer of tobacco, with over 30% of worldwide
smokers coming from China. Given the high penetration rate of mobile phones in
China, smoking cessation apps have great potential to assist Chinese smokers to
stop smoking. Although the effectiveness of mobile health interventions in smoking
cessation has been established by previous research, there is still a lack of research

exploring how smoking cessation apps work.

Aim: This study aims to examine what aspects of smoking cessation apps work for

Chinese smokers, under what circumstances, and how.

Methods: The study employs the realist evaluation methodology and is composed of
three stages. In stage one, two separate systematic reviews and six semi-structured
interviews with Chinese health workers working in the field of smoking cessation
were conducted to formulate initial programme theories (IPTs) in both the forms of
‘if...then...because...” statements and Context-Mechanism-Outcome Configurations
(CMOCs). In stage two, 24 semi-structured interviews were conducted with Chinese
smokers who have experience using smoking cessation apps to test the IPTs. Stage
three involved realist refinement of the IPTs leading to the development of refined
programme theories, which proceeded by comparing the data with initial CMOCs
deductively and identifying new constructs of programme theories inductively. The
refined programme theories were presented in the form of CMOCs. Across this
study, all semi-structured interview data were analysed using the thematic analysis



approach. Ethics approval for the study was obtained from the University of
Edinburgh.

Findings: In the context of being motivated to stop smoking and perceiving smoking
cessation apps as a useful tool, smokers reported that engaging with the app
features that tracked quitting achievements and health gains and showed the risks of
smoking boosted their motivation and self-efficacy in smoking cessation, therefore
supporting long-term abstinence.

Social features within apps provided crucial informational and emotional support,
proving particularly beneficial for smokers seeking social support. Engaging with the
social features enhanced their motivation, confidence, and self-esteem, although
poor management and regulation of these social platforms within apps can lead to
reduced engagement and affect the support necessary to quit smoking.

Although the withdrawal symptoms management features were intended to increase
smokers’ skills to cope with withdrawal symptoms and clarify their craving patterns,
the engagement level of these features was low. For those smokers who need the
skills to prevent relapse and seek support within apps, the low intensity of
intervention that lacks further guidance and personalisation may deter continuous
use.

This evaluation also found that good usability and user experience could boost user

engagement levels, therefore improving smoking cessation outcomes.

Conclusion: This evaluation has generated explanations of the use of smoking
cessation apps among Chinese smokers. The programme theories can be useful
resources for app developers to design apps that better meet user needs to help

them recover from addictive behaviours.



Lay Summary

Tobacco use is a major global health issue, leading to numerous preventable
illnesses and deaths. One effective way to solve this problem is through smoking
cessation programmes, which help smokers quit smoking. These programmes can
be delivered through various means, including mobile applications (apps). China has
a significant portion of the world's smokers. With the widespread use of mobile
phones in China, smoking cessation apps hold great potential to help Chinese
smokers quit smoking. While previous research has shown that mobile health
interventions can effectively assist smoking cessation, there is limited understanding

of how these interventions work.

This PhD study aimed to explore how smoking cessation apps work for Chinese
smokers by developing and testing programme theories that explain the outcomes of
using these apps caused by the interplay between contexts and mechanisms. The
study was conducted in three stages using a realist evaluation methodology.

In the first stage, | conducted two systematic reviews and interviewed six Chinese
health workers to develop initial programme theories (IPTs) about how these apps
might work. In the second stage, | interviewed twenty-four Chinese smokers who had
used smoking cessation apps to test the IPTs. In the final stage, | refined these
theories by comparing the interview data with the initial theories and identifying new

elements.

In this study, | found that smokers who were motivated to quit smoking and regarded
the apps as useful tools benefited the most. App features that tracked quitting
achievements and health benefits increased motivation and confidence in quitting.
Social features within the apps provided important informational, emotional support,
esteem support, and healthy competition to smokers. However, poor management

and regulation of these social platforms could reduce user engagement.

| also found low user engagement made features that were intended to educate
withdrawal symptoms management knowledge less effective. Smokers who needed
help preventing relapse found that the lack of personalised guidance within the apps

deterred continuous use. Additionally, | found good usability and user experience



design were crucial for keeping users engaged and improving smoking cessation

outcomes.

In conclusion, this is the first study to explore how smoking cessation apps work to
help smokers recover from the tobacco addiction. | hope the findings of this study will
provide insights for stakeholders to promote the design of apps that meet user needs
better. | also hope more researchers to use realist evaluation to explore how

mHealth interventions work to help people recover from addictive behaviours.
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CHAPTER ONE: Introduction

This introduction chapter explains the rationale for this PhD project. It provides an
overview of the background of mHealth interventions in smoking cessation, which led
to the research aim and questions of this project. At the end of this chapter, an
overview of each chapter’s contents will be presented.

1.1 Rationale for this PhD study?

This PhD research project draws inspiration from two primary sources: the 2016
Chinese College Students' "Internet+" Innovation and Entrepreneurship Competition
and my dissertation for the Master’s degree completed at the University of Edinburgh
in 2019. The Chinese College Students' “Internet+” Innovation and Entrepreneurship
Competition is jointly organised by China’s Ministry of Education and universities.
This competition aims to deepen comprehensive reforms in higher education,
stimulate college students' creativity, and cultivate the main force behind "mass
entrepreneurship and innovation" (Ministry of Education of the People's Republic of
China, 2016). During my undergraduate studies at Huazhong University of Science
and Technology in 2016, | participated in this competition and developed a mobile
application (app) prototype to help individuals with chronic diseases manage their
symptoms effectively (Figure 1.1).

A A

Assessments Education Medication reminders

B

Blood pressure and Medication
blood sugar record management

il

Diary

Figure 1.1 Main interface of the app in "Internet+" Innovation and Entrepreneurship
Competition



The potential of integrating mobile technology with healthcare sparked my interest
and prompted me to explore the possibilities of leveraging this combination.
Capitalising on my interest in the role of apps in smoking cessation, existing
knowledge base and awareness of the prevalence of tobacco use in China, | made
the decision to pursue further research within this field. This is the main reason why |
chose mobile health (mHealth) in smoking cessation as my dissertation topic for my
Master’s degree in 2019.

In pursuit of a comprehensive understanding of the landscape of smoking cessation
apps available on the market, | undertook a literature review that scrutinised the
functions and characteristics of these mobile apps in my Master’s dissertation in
2019. This systematic review was improved by optimising the search strategy,
conducting a rigorous systematic search for studies and synthesising them during
this PhD study. This systematic review was published in the International Journal of
Medical Informatics in April 2023 (Zhang et al., 2023). This publication has also
been presented in Chapter 4 of this thesis following the guidance of the University of
Edinburgh doctoral thesis.

1.2 Overview of the literature

Tobacco use is defined as using any form of tobacco plant leaf and its products
(Walker et al., 1990). The primary use of tobacco products is through inhaling the
smoke of cigarettes, cigars, or pipes (Walker et al., 1990). World Health Organization
(WHO) has reported that none of these forms of tobacco are harmless, and there is
no safe exposure to tobacco (WHO, 2023a). Tobacco use not only harms almost
every organ in the human body (CDC, 2023) but also puts economic pressure on the
government to treat smoking-related health problems (WHO et al., 2014). However,
research has found that public awareness of the harmful effects of smoking is still
insufficient (Szymanski et al., 2022, Lee et al., 2022). Therefore, public awareness of
the risks of smoking should be strengthened, and there is an urgent need for the
implementation of anti-smoking policies, along with various smoking cessation

programmes and interventions.



1.2.1 Insufficient knowledge of the risks of smoking

Over the past several decades, the harmful effects of smoking on health have been
suggested by research (Lakier, 1992, Berger et al., 2009, Braun et al., 2012),
including as a major risk factor for cardiovascular diseases (Villablanca et al., 2000,
Ambrose and Barua, 2004), respiratory diseases (Jayes et al., 2016, Joseph et al.,
2017), and various types of cancer, including lung cancer, gastric cancer (Ladeiras-
Lopes et al., 2008), skin cancer (Leonardi-Bee et al., 2012), ovarian cancer (Jordan
et al., 2006), bladder cancer (Rink et al., 2015), etc. Additionally, smoking is a
significant risk factor for tuberculosis, resulting in a doubling of the likelihood of
developing this disease (WHO, 2019b). Furthermore, smoking is linked with maternal
and newborn morbidity and mortality. For example, smoking can lead to pre-term
labour, spontaneous abortion, and sudden infant death syndrome (SIDS) (WHO,
2017b). The harmful outcomes caused by smoking necessitate early smoking
cessation (WHO, 2020a).

Smoking not only poses a threat to smokers’ health but also has detrimental effects
on non-smokers’ health. Research has confirmed the association between second-
hand smoke and different health problems among adults (Patra et al., 2015), which
include tuberculosis (Dogar et al., 2015), cardiovascular diseases (Dunbar et al.,
2013), and stroke (Oono et al., 2011). Furthermore, passive smoking also poses
threats to infants’ and children’s health (Gongalves-Silva et al., 2006, Treyster and
Gitterman, 2011). Research has shown the relationship between passive smoking
and attention deficit hyperactivity disorder (Huang et al., 2021) and asthma in
children (Vork et al., 2007).

The hazards of smoking have been extensively researched and widely publicised by
governmental institutions and non-governmental organisations (CDC, 2020, WHO,
2020a, CDC, 2023). The Framework Convention on Tobacco Control (FCTC) is an
international treaty led by the WHO, which was proposed in 2003 and came into
force in 2005. The overall aim of FCTC is to implement global health promotion
strategies. These strategies include cutting worldwide tobacco supply and demand,
protecting the public from secondhand smoke, promoting smoking cessation

programmes and offering support services, educating and warning the public about



the risks of smoking, setting restrictions on tobacco advertising and sponsorship,
adding tobacco taxation, and supporting international cooperation to address cross-
border tobacco issues, to control tobacco prevalence and second-hand smoking
exposure and diminish the health and socio-economic impact caused by tobacco
consumption (WHO, 2003).

Despite the extensive public health campaigns on the hazards of smoking and the
benefits of smoking cessation, public awareness of what exact diseases smoking
can lead to remains weak. For example, a study conducted among Polish adults
found that although public awareness of the increased risk of developing respiratory
diseases, such as lung cancer and chronic obstructive pulmonary diseases, from
smoking tobacco is relatively high (92.7% and 89.7%, respectively), there remains a
considerable lack of awareness regarding the non-respiratory effects of tobacco use
(Szymanski et al., 2022). In addition, Sell et al. (2022) also found that among the 411
bladder cancer patients, 44% of them were not sure that tobacco use can increase
the risk of developing bladder cancer. The lack of a deep understanding of the
negative impacts of smoking on health further emphasises the necessity of
developing effective interventions to raise public awareness about quitting smoking
and to encourage and assist people in quitting smoking.

1.2.2 Smoking Cessation and Sustainable Development Goals

The transition from Millennium Development Goals (MDGs) to Sustainable
Development Goals (SDGs) was marked in 2015 by the United Nations (UN),
presenting the blueprint of the future world by 2030 (WHO, 2015). SDGs contain 17
interconnected goals to achieve a sustainable future for all, which target ending
poverty, protecting the planet, and ensuring peace and health for all by 2030 (WHO,
2015). As defined by the World Commission on Environment and Development,
achieving sustainable development goals requires meeting our current needs without
sacrificing the abilities of the next generations to meet their future needs (Thomsen,
2013).

SDGs contain a list of 17 goals and 169 targets, with the role of health for all

populations centred in SDG 3: ‘Ensure healthy lives and promote well-being for all at



all ages’ (p.3) (WHO, 2015), encompassing a range of issues, including tobacco
control (Howden-Chapman et al., 2017). Tobacco control is closely related to the
achievement of the UN SDG 3 since smoking is one of the leading causes of serious
health issues worldwide (Howden-Chapman et al., 2017). Furthermore, tobacco use
is also associated with other targets within SDG 3 (WHO, 2017b). For example,
SDG3 Target 3.4 focuses on reducing premature mortality from non-communicable
diseases, while tobacco use is a major risk factor for various non-communicable
diseases (NCDs) (WHO, 2016). The associations between smoking and other
diseases underline the significant impact of tobacco use on various health-related
SDGs and the significance of effective and cost-effective tobacco control
interventions, including mHealth interventions (Chapter 2, Section 2.6).

Tobacco use is a leading factor contributing to NCDs globally (WHO, 2016).
Implementing measures to decrease tobacco consumption, such as smoking
cessation interventions, remains one of the most useful strategies to save lives and
boost global public health (Altas, 2022). Smoking cessation begins to benefit
smokers from the first twenty minutes after the last cigarette, and the longer smokers
keep abstinent from smoking, the more their health status recovers to the level of
non-smokers (WHO, 2020c). Therefore, smoking cessation is necessary to help
people prevent smoking- and non-smoking-related diseases and live in good health,
as well as enhance their quality of life.

1.2.3 Economic burden of smoking on society

Around 80% of adult smokers live in low- and middle-income countries (LMICs)
(WHO, 2023a). Smoking leads to diseases that necessitate healthcare expenditure,
thereby deepening health inequities between high-income countries and LMICs and
intensifying poverty in impoverished areas where health costs are unaffordable
(Yang et al., 2022). Aside from SDG 3, smoking is linked with other SDGs, such as
SDG 1, ‘End poverty in all its forms everywhere.” Smoking does not only cause
various undesirable health outcomes but also imposes a tremendous economic
burden on society (ASH, 2017). Apart from the direct medical expenses incurred in
treating tobacco-related illnesses, there are other indirect costs, including
productivity loss because of premature death and environmental harm (Altas, 2022).



The overall economic loss resulting from tobacco use outweighs any potential
financial gains derived from tobacco production and sale (ASH, 2017).

Although the smoking prevalence level is dropping globally, the worldwide total
amount of smokers continues to increase because of population growth (NCl and
WHO, 2016), which means tobacco expenditure is still tremendous. For example, the
Office for National Statistics approximated that the total expenditure of United
Kingdom (UK) households on tobacco in 2015 amounted to £19.3 billion (NHS,
2016). A recent systematic review on the disease burden attributable to smoking in
China reported that diseases caused by smoking have imposed significant economic
costs on China, both directly and indirectly (Shi et al., 2020).

Tobacco sales generate huge tax income for governments, but despite generating
enormous government revenues from global tobacco sales, only a tiny fraction is
allocated to tobacco control or other health promotion initiatives (NCI and WHO,
2016). WHO estimated that from 2013 to 2014, global tobacco taxes generated
nearly 269 billion United States (US) dollars, yet only less than one billion US dollars
were invested in tobacco control programmes and health-related initiatives (NCI and
WHO, 2016). Due to the limited resources put into smoking cessation, innovative,
cost-effective, and efficient smoking cessation interventions are required to assist
smokers to stop smoking. Since 80% of adult smokers come from LMICs (WHO,
2023a), tobacco use also imposes a disproportionate burden on poor and rich
households due to unequal access to healthcare services and the diversion of
household income towards tobacco consumption (NCI and WHO, 2016). It deviates
from the principles of ‘Health for all’ from WHO since the 1970s, which underscored
the high standard quality of primary health care and health for all individuals (WHO,
2012).

1.2.4 Mobile apps in health fields

Mobile health (mHealth) is a digital health branch that uses mobile technologies to
support medical and public health issues (WHO, 2011). The rate of the population
getting access to health information and services through mobile technologies, from

short message service (SMS) to health apps, is increasing (WHO, 2017a). According



to the Spring 2018 Global Attitude Survey, it was estimated that five billion people
own mobile devices and half own smartphones (Pew Research Center, 2019). In
advanced economies, smartphone ownership is notably high, with countries like
South Korea at 95%, the Netherlands at 87%, Sweden at 86%, etc. (Pew Research
Center, 2019). The high ownership rate of smartphones has made mHealth one of
the promising interventions for addressing health issues. Furthermore, mobile
technology has been popular over the last two decades in many fields, such as
education (Heflin et al., 2017), nursing (O'Connor and Andrews, 2018), and
epidemiology (Drew et al., 2020). The use of mobile apps in smoking cessation is
also common, with a large number of studies exploring its effectiveness and design
considerations for designing a satisfactory app (McClure et al., 2016, Cobos-
Campos et al., 2020, Guo et al., 2023, Whittaker et al., 2019).

1.2.5 Research gap

Although the effectiveness of mHealth interventions in smoking cessation fields has
been highlighted by previous research (Whittaker et al., 2016, Vilardaga et al., 2016,
Cobos-Campos et al., 2020, Bendotti et al., 2022), there is still a research gap in
understanding how these interventions work for smokers to change smoking
behaviour, specifically how the interplay between contextual factors and
mechanisms contributes to different intended and unintended outcomes. According
to WHO, 80% of adult smokers come from LMICs. However, the majority of smoking
cessation mHealth interventions research was conducted in high-income countries,
where smokers in these countries only account for 21% of global adult smokers
(WHO, 2023a, WHO, 2023c). Therefore, there is an urgent need to perform smoking
cessation research in LMICs, such as China.

China, with over 300 million smokers, accounts for one-third of the total smokers
number worldwide (WHO, 2023b). The Chinese government launched the ‘Healthy
China 2030 plan’ in 2016 with an ambitious plan to control tobacco and to decrease
the adult smoking rate from 27.7% in 2015 to 20% in 2030 (Guo and Quan, 2020).
According to the most updated China Adult Tobacco Survey Report in 2018, the

smoking rate among Chinese smokers aged 15 and over was still 26.6% (WHO,



2018). This means the ‘Healthy China 2030 plan’ faces huge challenges to achieve
its goal.

As of 2022, the number of smartphone users in China has reached 1.04 billion,
accounting for 73.7% of the total population (Statista, 2024). The widespread
coverage of smartphones and excellent Internet coverage in China make smoking
cessation apps a convenient, cost-effective, and promising tool for quitting smoking.
A content analysis of the current smoking cessation apps in the Chinese market
found that the adherence level to standard clinical practice guidelines of these apps
was low and called for the design of new and evidence-based smoking cessation
apps (Cheng et al., 2017). Following this, another study investigated Chinese
healthcare providers’ and smokers’ views and expectations on the features of
smoking cessation apps (Xu et al., 2019). However, the mechanisms by which
smoking cessation apps work and the contexts in which they are effective remain
unclear. Therefore, it is essential to conduct research to explore different contextual
factors, such as cultural, social, and individual factors, that influence the success of
smoking cessation apps, as well as explore how these factors activate different

mechanisms that lead to various outcomes.

1.3 Research aim and research questions

The goal of this research project is to use realist evaluation to understand how
smoking cessation apps help Chinese smokers stop smoking. An important aspect of
this study is the development and refinement of programme theories specific to
smoking cessation apps, which can serve as valuable references for app developers
who are keen to design apps that align better with user needs. Moreover,
policymakers and decision-makers interested in improving the health of their
population can utilise these programme theories to formulate relevant policies and
guidance that promote the safe and effective utilisation of health apps. Instead of
exploring whether an intervention works or not, realist evaluation is a theory-driven
approach that aims to explore how an intervention works by unravelling how the
interplay between contexts and mechanisms leads to different outcomes (Pawson
and Tilley, 1997b). Currently, to the best of my knowledge, no previous research



explores the contextual factors in which smoking cessation apps work and the
underlying mechanisms through which these apps can be helpful.

Aim:

The overarching aim of this study is to examine what aspects of smoking cessation
apps work for Chinese smokers, under what circumstances, and how. The following
research questions are addressed:

Q1. Under what contexts are smoking cessation apps able to help Chinese smokers
stop smoking?

Q2. What are the underlying mechanisms by which smoking cessation apps help
Chinese smokers stop smoking?

Q3. What are the intended and unintended outcomes for Chinese smokers after
using smoking cessation apps?

Q4. What are the practical implications of the programme theories in terms of
smoking cessation app development and usage?

1.4 The rationale for choosing realist evaluation

It is often challenging to identify “how” an intervention works, especially with complex
interventions, which are designed to address multifaceted issues incorporating
behavioural, social, psychological, physiological, and environmental elements in
changing behaviours (Campbell et al., 2000). Smoking cessation apps typically have
various components, such as social support, education, distraction, etc., which work
together to facilitate users’ smoking behaviour change (Zhang et al., 2023).
Additionally, the effectiveness of smoking cessation apps varies across diverse
contexts and among heterogeneous populations (Regmi et al., 2017). Smoking
cessation apps can be unequivocally characterised as complex interventions
necessitating comprehensive evaluation methodologies. Realist evaluation offers an
evaluation methodology that accounts for the complexity of an intervention and the
context in which it is implemented. Realist evaluation can elucidate the causal
connections of how smoking cessation apps lead to particular outcomes by
identifying “what works, for whom, in what circumstances” (Pawson and Tilley, 1997,
p.161) and provide a more rigorous, comprehensive, and transparent evaluation of

how smoking cessation apps work.



By conducting realist evaluation, researchers can unravel the underlying
mechanisms and contextual factors that contribute to the different short-term or long-
term outcomes by making the contexts, mechanisms, and outcomes explicit in
programme theories (Pawson and Tilley, 1997b). The ontological and
epistemological basis of realist evaluation will be elaborated in Chapter 3.

1.5 Research stages overview

This PhD project encompasses three stages. Stage one involves formulating initial
programme theories (IPTs), followed by testing IPTs in the second stage. The third
stage focuses on the refinement of IPTs. The specific methods of the processes

involved in formulating, testing, and refining IPTs will be explained in Chapter 3.

Table 1.1 shows the structure of the thesis in the three main stages.

Sources

Stage 1: Formulating IPTs 1- Qualitative systematic reviews (Chapter 4)
(Chapters 4,5,6) 2- Systematic review of RCTs (Chapter 5)

3- Interviews with health workers (n=6) (Chapter

6)
Stage 2: IPTs testing Realist interviews and analysis with smokers
(Chapter 7) who have used smoking cessation apps (n=24)
Stage 3: PTs refinement Interrogate findings of stage one and two to
(Chapter 8) provide an explanation of how smoking

cessation apps work

1.6 The structure of the thesis

To facilitate readers’ understanding and improve their reading experience, | will
introduce the chapter sequence of this thesis and provide a brief overview of each

chapter’s content.

This first chapter has introduced the overall background around smoking cessation,

mHealth interventions usage in this field, how the research gap was identified, the
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rationale for choosing realist evaluation as the methodology, and the research aim
and questions. In Chapter 2, | will present the background for this project, including
the smoking contexts in China, the addiction recovery process, human-computer
interaction (HCI), and several formal theories that will facilitate the PTs refinement in
the final stage. Chapter 3 discusses philosophical considerations for realist
evaluation and the research design, including how data collection and analysis
methods were chosen at each stage. The process of formulating IPTs, including two
systematic reviews and the results of interviews with Chinese health workers, will be
presented in Chapters 4, 5, and 6. Following this, | will present the data analysis
results of interviews with Chinese smokers in Chapter 7 to test IPTs. Chapter 8 is
about the refinement of programme theories through interrogating findings in stages
one (Chapters 4,5,6) and two (Chapter 7). Chapter 9 is the discussion chapter,
presenting the main knowledge contributions of this study, the strengths and
limitations of this research, and the overall conclusion of this PhD study.
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CHAPTER TWO: Background

2.1 Introduction

In this chapter, | will first introduce the crucial background knowledge underpinning
this study and its relevant concepts and theories. It covers Chinese tobacco culture,
addiction, relapse prevention, formal theories underpinning health behaviour change,
and important Human-Computer Interaction (HCI) concepts.

2.2 Barriers to stop smoking in China: social and cultural background

A comprehensive understanding of the overall tobacco control environment in the
context of China encompasses various aspects, which include political factors
(political will, approval of joining FCTC, urbanisation, etc.) (Lv et al., 2011), historical
factors (the resistance against opium use, the promotion of domestically-produced
cigarettes brands, and linking smoking to patriotism) (Barnett et al., 2022), economic
factors (monopoly of tobacco industry in China and income inequality) (Guo and
Quan, 2020), and cultural factors (patriarchy and gifting culture, etc.) (Chu et al.,
2011, Mao, 2013). However, due to the time and space constraints of the PhD
project, exploring political, historical, and economic factors deeply will exceed the
scope of this research. This section will emphasise the influence of traditional
Chinese culture (including tobacco culture) on Chinese smokers’ smoking and
smoking cessation behaviours. Through deeply delving into these cultural aspects, |
hope to unearth cultural barriers to smoking cessation specific to Chinese smokers.
Lastly, gaining a comprehensive understanding of the cultural background is
beneficial in interpreting the programme theories developed in the context of China.

2.2.1 Inadequate knowledge of the risk of smoking

Most Chinese citizens are aware that smoking generally increases the morbidity of
various diseases, although there is a lack of deep understanding of the hazards of
smoking (Zheng et al., 2013, Xu et al., 2016). In a survey conducted among smokers
and non-smokers in China, it was found that the knowledge level of the association
between smoking and lung cancer was comparable to that of Western developed
countries (Yang et al., 2010a). However, only 40% (n=5986) of the participants (adult
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smokers and non-smokers) were aware of smoking being a risk factor for heart
disease, and only 20% (n=5986) of participants acknowledged that smoking could
lead to stroke (Yang et al., 2010a). There was a similar survey to investigate the
level of awareness of the hazards of smoking and second-hand smoking among
adult Chinese residents. Yang et al. (2010b) also found that 81.8% (n =13354) of the
participants had the belief that smoking causes serious diseases, while only 27.2%
and 38.7% were aware that smoking is associated with stroke and heart attack,

respectively.

Overall, it appears that some Chinese smokers have a superficial knowledge base of
the hazards of smoking. Considering the apparent lack of in-depth knowledge about
the effects of tobacco use and a specific understanding of what diseases smoking
can contribute to, smokers in China may be unwilling or lack the motivation to stop

smoking.

2.2.2 Traditional smoking culture

2.2.2.1 Tobacco sharing and gifting culture

The culture of offering cigarettes to others in China can be culturally traced back to
Confucian philosophical thought, particularly the virtue of courtesy (Barnett et al.,
2022). As a cultural practice in China, it is common to offer cigarettes to others as a
gift or to show kindness (Wu et al., 2022). This phenomenon may be unique to
China, and it is culturally grounded in the pursuit of courtesy, where sharing and
gifting cigarettes are used to express respect and solidarity (Chu et al., 2011, Hu et
al., 2012).

In the past decade, research has indicated that in major and urban cities, such as
Beijing, the phenomenon of sharing and gifting cigarettes has become less popular
(Hu et al., 2012). In most regions, it is still a common practice among smokers to
offer cigarettes to each other as a means of developing and maintaining social
relationships (Wang et al., 2014) or establishing business cooperation (Wank, 2000).
However, in recent years, with growing health awareness and changing social
norms, the culture of sharing and gifting cigarettes seems to be declining, especially
among the younger generation (Barnett et al., 2022).
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2.2.2.2 Social norms: patriarchy and collectivism

Despite the rapid economic growth in China in recent years, Chinese society
continues to be men-dominated in family and political leadership, where smoking is
perceived as a symbol of masculinity (Kodriati et al., 2018). Men who smoke might
be perceived as more masculine in traditional Chinese culture (Davey and Zhao,
2012, Mao et al., 2015). Therefore, Chinese males are more likely to engage in
smoking behaviour regardless of the risks of smoking due to masculinity norms.

Traditionally defined social norms and gender roles may have prevented Chinese
women from smoking, which means Chinese female smokers may face more social
stigma than men. In addition, the traditional social norms significantly limit females’
influence in persuading their partners to quit smoking within households (Mao, 2013,
Mao et al., 2014). Although non-smoking women in China dislike their partners'
smoking behaviours, they often sacrifice their personal beliefs to ensure family

harmony (Mao et al., 2013).

In China, collectivism is a social culture that emphasises collective interests and
group harmony (Steele and Lynch, 2013). It involves hospitality, tight social
connections, and tobacco and alcohol sharing (Li et al., 2015). Collectivism's
influence on tobacco use in China mainly manifests in the smoking behaviour among
a group of smokers. Usually, when situated within a group of peers who smoke, the
decision to smoking cessation may be seen as deviating from group norms, leading

to a sense of isolation (Barnett et al., 2022).

2.2.2.3 Self-exempting beliefs (SEBs)

Self-exempting beliefs (SEBs) refer to the beliefs held by individuals that support
their ongoing behaviours even if they know they are harmful. In the context of
smoking, they are a set of reasoning or self-justification that individuals employ to
rationalise smoking, undervalue the severe health impacts of smoking, or ignore the
harmful consequences it may lead to (Chapman et al., 1993, Oakes et al., 2004,
Guillaumier et al., 2016).
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Culture can serve as the cornerstone of SEBs. In specific social and cultural contexts
in China, the most common SEB is that cigarettes facilitate social interactions (Rich
and Xiao, 2012). Sharing or gifting cigarettes is a common social norm and a polite
social behaviour accepted by Chinese smokers. Another form of SEB is that the
harm of smoking can be neutralised through other means, such as opening windows
for ventilation to avoid second-hand smoking or consuming tea and fruits to
metabolise the toxins in cigarettes (Barnett et al., 2022). The traditional Chinese
medicine theory of balancing ‘Yin’ and “Yang’ can serve as the basis for this belief
(Wu and Zhu, 2003, Lu et al., 2004). Yin’ and ‘Yang’ are two contrary concepts inter-
connected and inter-dependent in Chinese philosophy, in which traditional Chinese
medicine is rooted (Lao et al., 2012). In traditional Chinese medicine, health is
gained through keeping the balance between Yin’ and ‘Yang'. Smoking is seen as
bringing in excess "Yang", so enhancing Yin’ intake, such as drinking tea and
acupuncture, can neutralise the detrimental effects of smoking (Huang, 2019).

The final SEB among Chinese smokers is the perception that smoking is merely one
of the risk factors of many diseases and not a direct cause of ilinesses, mainly
arising from a lack of comprehensive and deep understanding of the hazards of
smoking (Barnett et al., 2022). Due to this SEB, many Chinese smokers do not
believe that the negative outcomes of smoking will happen to them unless they
experience a smoking-induced disease or withess someone close to them getting a

serious disease due to smoking (Yang et al., 2010a).

2.3 Addiction and Relapse

2.3.1 Addiction models

Before delving into the topic of smoking cessation, it is helpful to know different types
of addiction models, which provide different but complementary views to identify all
factors contributing to smoking cessation. Addiction is characterised by the recurrent
inability to control the behaviour (powerlessness) and the continuity to conduct the
behaviour regardless of bad consequences (unmanageability) (Goodman, 1990). It is
a bio-psycho-social disease that integrates biological, psychological, and social
factors (Marlatt and Gordon, 1985).
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Addictive behaviour often develops over time and can happen in specific situations,
such as stressful environments, where the person with an addiction resorts to a
particular behaviour to achieve immediate gratification. Therefore, for a very long
time, addiction was regarded as an inability or lack of willpower to control the
problematic behaviour. This is referred to as the moral model of addiction (Marlatt
and Gordon, 1985). This moral model of addiction leads to social stigma because it
is believed that the person with that addictive behaviour lacks the self-control to
resist temptation (Stuber et al., 2009, Triandafilidis et al., 2017).

Subsequent to the moral model, the disease model began to surface, indicating that
addictive behaviours are linked with brain change and predisposing physiological
factors (Hall et al., 2015, Volkow et al., 2016). Although this new model regards
addiction as a disease that is affected by physiological factors, the central theme of
treatment is still ‘control’. The only way to cure the disease is to maintain total
abstinence from harmful behaviours, which produces a dichotomy in the outcomes of

behaviour change: exerting control or losing control (Marlatt and Gordon, 1985).

Given the shortcomings of both the moral model and the disease model, the third
addiction model, acquired habit patterns, has emerged as an alternative. Within this
model, disease is the long-term outcome of continuous involvement in the addiction
cycle. The frequency of acquired habits lies along a continuum of harmful behaviour
rather than discrete outcomes like excessive use or total abstinence (Marlatt and
Gordon, 1985). This model allows for the possibility of relapsing during smoking
cessation or gradually reducing the number of cigarettes rather than the total
abstinence favoured by the previous two models.

| stand for the acquired habit model that recognises tobacco addiction as an
acquired habit that incorporates biological, psychological, and social factors. In this
model, addiction may involve changes in brain structure and chemical substances,
leading to physiological dependence on substance use or harmful behaviour (Hall et
al., 2015, Heilig et al., 2021). In addition, addiction could also be related to emotional
and cognitive processes and other psychological aspects (Peris et al., 2020).
Furthermore, addiction may be influenced by social factors such as social norms and
cultural background (Chen, 2020). This habitual behaviour can play a significant role
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in the addiction cycle, causing individuals to struggle with controlling their actions to
break the addiction cycle.

2.3.2 Addiction cycle

Addictive substances, such as nicotine, have an impact on the brain (Heilig et al.,
2021). They stimulate the pleasurable sensations when smokers initially consume
tobacco (initial use). The feeling of pleasant sensation promotes smokers to overlook
the potential harm to health and make the decision to consume tobacco continuously
(abuse). With tobacco abuse, changes occur in the brain's structure and function,
known as neuroadaptation (Office of the Surgeon General, 2020) (tolerance).
Physiological dependence on nicotine occurs because the number of nicotine
receptors in the brain increases and remains unchanged after initial smoking
cessation (Balfour and Munafo, 2015) (dependence). Psychological dependence on
nicotine arises from positive reinforcement, such as ‘I like smoking’, to negative
reinforcement, such as ‘I need to keep smoking to maintain this sense of pleasure’
(Cosci et al., 2011, Office of the Surgeon General, 2020) (addiction). In other words,
the brain changes that happen during tobacco use do not revert immediately when
individuals quit smoking, which leads to persistent and periodic cravings for tobacco,

resulting in relapse.
~ Initial use

:\:/Relapser ) ~ Abuse

- Addiction ~ Tolerance
Dependence
Figure 2.1 Addiction cycle
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In the addiction cycle (Figure 2.1), relapse is a typical phase in the addiction cycle,
which can be triggered by various factors, such as emotional problems. Rather than
mean failure, each relapse can be regarded as an opportunity for learning and
growth in the process of breaking the addiction cycle since it provides insights into
triggers, helps refine coping strategies, and strengthens resilience (Melemis, 2015).
Given that relapse is common in addictive behaviour change, | will further explain

relapse prevention in Section 2.3.3.

2.3.3 Relapse prevention

Relapse in smoking cessation does not only mean the physical act of smoking again
but also includes the emotional and psychological desire to relapse, leading to the
eventual physical relapse (Marlatt and Gordon, 1985). Relapse has three stages:
emotional relapse, mental relapse, and physical relapse (Melemis, 2010). Take
smoking cessation as an example, in the emotional relapse stage, smokers do not
consider smoking another cigarette, but they may experience emotional suppression
due to the absence of nicotine. At this stage, self-care is essential (Melemis, 2015),
such as ensuring adequate sleep, having a healthy diet, and understanding what is
beneficial for themselves to help them get rid of negative emotions. Suppose
smokers stay in the emotional relapse stage for a long time without venting
emotions. In that case, they may enter the mental relapse stage, in which they start
to miss the company of nicotine and may plan to have another cigarette.
Recognising and avoiding high-risk situations that induce cravings and providing
essential skills to overcome cravings are crucial at this stage. Physical relapse is the
result of an extended stay in the mental relapse stage without enough coping
strategies (Melemis, 2015).

Relapse recognition and prevention are crucial in successful smoking cessation
since the temptation to smoke exists everywhere (Livingstone-Banks et al., 2019).
Nicotine receptors in the brain need smokers to intake nicotine to achieve immediate
gratification (Benowitz, 2010). In addition, when smoking has become an acquired
habit, especially in situations where smoking was previously practiced, resisting

cravings in these situations is challenging. Meanwhile, in the context of Chinese
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smoking culture, Chinese smokers are constantly faced with 'temptation' from the
people around them (Wu et al., 2022).

Throughout the whole process of changing smoking behaviour, self-control or self-
management is important (Muraven, 2010). Situational cues can trigger the smoking
behaviour of smokers who lack self-control or the capacity to resist or cope with
cravings. Except for self-control, the outcome of a relapse crisis is also determined
by smokers’ coping responses to it, which are affected by other processes, such as
decision-making (Marlatt and Gordon, 1985, Bliss et al., 1989). Therefore, no relapse
prevention intervention can predict the success of smoking cessation since it is
beyond a self-control problem. Different strategies are required to facilitate the
advancement of smokers to persist abstinent for a longer time (Sun et al., 2007).
Furthermore, smokers who are situated in different stages of smoking cessation,
such as the preparation stage, action stage, and maintenance stage, may need other
strategies to help them stay abstinent. | will explain this point in section 2.5.1:

transtheoretical model (Prochaska, 2008).

Numerous studies have delved into the determinants of relapse among smokers,
such as smoking cravings (Germovsek et al., 2021), negative emotions (Miguez and
Pereira, 2021) and alcohol consumption (Dermody and Shiffman, 2020). Additionally,
some high-risk situations have been identified for smoking relapse, such as
situations with heightened arousal due to stress or anxiety in occupational settings
and situations with reduced arousal when seeking relaxation at home or facing
withdrawal symptoms (Marlatt and Gordon, 1985). Effective coping strategies for
these high-risk relapse situations, such as deploying techniques like relaxation,
meditation, physical exercise, and cognitive-behaviour therapy, are vital in
preventing relapse (Lancaster et al., 2006, Wen et al., 2021).

2.4 How to break the addiction cycle

Addiction is a complex and multifaceted outcome shaped by the interplay of genetic,
physiological, psychological, social, and cognitive factors (Glass, 1991). While
discussing genetic factors and chemical changes in the brain goes beyond the scope

of this study, | will introduce physiological (withdrawal symptoms), psychological,
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social, and cognitive factors affecting smoking cessation in sequence in the following
paragraphs to explain how to break the addiction cycle effectively.

After the abrupt cessation of chronic use of tobacco products, a set of withdrawal
symptoms emerge within 4 to 24 hours of quitting, peak around the third day and
gradually diminish over the following 3 to 4 weeks (Balfour and Munafo, 2015).
Nicotine withdrawal symptoms include having cravings, feeling irritated, decreased
concentration, insomnia, and weight gain (Hatsukami et al., 1984, CDC, 2022).
Although the manifestation, intensity, and duration of withdrawal symptoms may vary
between individuals (WHO, 2009), effectively managing these symptoms is crucial in
breaking the addiction cycle.

Individuals with mental health problems and negative emotions, such as anxiety,
depression, post-traumatic stress disorder, etc., are more prone to developing
addiction (Xu et al., 2020). At the same time, positive reinforcement (the pleasure
derived from smoking) and negative reinforcement (fear of negative emotions after
leaving tobacco) also impede smoking cessation (Glass, 1991, West and Brown,
2013). Paying attention to psychological changes during the smoking cessation
process and promptly identifying and releasing negative emotions are crucial in

changing smoking behaviour.

As discussed in section 2.3.1, | stand for the acquired habit addiction model, which
involves social components in the addiction process. Individuals acquire addictive
habits by observing and imitating others, and the behaviours are reinforced through
positive experiences, such as social convenience brought by smoking or social
approval (Bandura, 1977). Take smoking cessation for example, it is difficult for
smokers to quit smoking when people around them also smoke and show approval
of the smoking behaviour (Mao et al., 2014). On the contrary, if smokers stay in a
social environment that aims to quit smoking and advocates for a smoke-free
lifestyle, it can better help them to quit because smokers tend to learn and imitate
other quitters’ behaviours (Qian et al., 2021). In addition, social factors, such as
social norms, will also affect the decision-making process. For example, as
introduced in section 2.2.2.2, traditional Chinese social norms prevent Chinese

women from smoking and lead to more social stigma on female smokers. This
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implies that social components are important in smoking cessation interventions to

create an environment.

Cognitive factors, such as knowledge and belief in the risks of smoking and the
benefits of smoking cessation, will also affect smokers’ decision-making to stop
smoking, especially when cravings strike (Rogers, 1975). Therefore, to help smokers
break the addiction cycle, enhancing the beliefs that smoking is harmful to health
and that smoking cessation is beneficial will promote the smoking cessation process.
Self-efficacy is another important cognitive mediating factor that predicts the
maintenance of the target behaviour, such as smoking cessation (Rogers, 1975).
Self-efficacy refers to a person's confidence in their ability to successfully complete a
specific task (smoking cessation in this context) (Bandura and Adams, 1977). By
enhancing smokers' confidence in controlling cravings, setting achievable goals, and
providing positive feedback, smokers will be more confident in quitting smoking and,
therefore, more likely to keep abstinence to break the addiction cycle (Bandura and
Adams, 1977, Bandura and Wessels, 1994). | will explain these points in section
2.5.2.

Overall, recognising that smoking behaviour is acquired and affected by the
collective effects of physiological, psychological, social, and cognitive factors,
smokers are regarded as ‘victims’ rather than being blamed. Just like correcting
other bad habits, smoking cessation interventions which aim to help smokers recover
from smoking addiction can involve withdrawal symptoms management, increasing
psychological incentives, and providing social components and cognitive support,
such as boosting self-efficacy (Hernandez-Lopez et al., 2009).

2.5 Formal Behaviour Change Theories

To fully understand the important factors that influence the process of breaking the
addiction cycle, three theories were selected to provide different but complementary
perspectives. These formal theories will also be helpful to understand and interpret
the findings of this study (Chapter 8). In the smoking cessation context, the
Transtheoretical Model examines the different stages smokers go through during
smoking cessation (Prochaska and DiClemente, 1982). Protection Motivation Theory
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explores how smokers are motivated to take protective behaviour based on their
assessment of the severity and vulnerability associated with risky behaviour
alongside the efficacy of protective behaviour (Rogers, 1975). Lastly, the self-
determination Theory focuses on balancing intrinsic and extrinsic motivation and how
these motivations influence smokers’ decision-making processes (Deci and Ryan,
2013).

2.5.1 Transtheoretical Model

The transtheoretical model, also known as the stages of change model, incorporates
tenets and processes of change from other leading theories of psychotherapy and
behavioural change (Prochaska and Norcross, 2018). The stages of change in the
Transtheoretical Model were initially found in studies of smokers trying to escape
from addiction (Prochaska and Diclemente, 1983). Instead of viewing smoking
cessation as a discrete event, smoking or no smoking, the Transtheoretical Model
defines behaviour change, such as smoking cessation, as a process that involves six
stages (Figure 2.2) (Prochaska, 2008).

Figure 2.2: Stages of change in the Transtheoretical Model (Prochaska, 2008)

Precontemplation is the first stage in which people lack awareness or underestimate

the bad consequences of risky behaviour. Alternatively, they are discouraged from
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altering risky behaviour because of too many prior attempts and failures, and as a
result, they do not intend to change in the foreseeable future (Velicer et al., 1998).
Smokers at this stage are characterised as resistant and unmotivated to stop
smoking and may have low adherence to smoking cessation interventions
(Prochaska, 2008).

Contemplation is the second stage in which people intend to change risky behaviour
within the next six months but are often ambivalent about whether to change at once
(Velicer et al., 1998). Smokers at this stage may start to think about smoking
cessation but have yet to have a concrete plan. For smokers in the precontemplation
stage and contemplation stages, boosting motivation for smoking cessation is

essential (Prochaska and DiClemente, 1982).

The preparation stage is the third stage in which individuals are motivated to change
immediately and often have a clear action plan (Velicer et al., 1998). Prochaska
(2008) advocates that those individuals at this stage should be the target population

for recruitment for intervention or treatment.

Action stage is the fourth stage in which people have significantly improved within
the past six months (Velicer et al., 1998). In smoking cessation, ‘Action’ represents
the process of behaviour change because addictive behaviour, including smoking,
carries a risk of relapse, particularly during the early phases of behaviour
modification when the addiction has not yet been completely overcome (Marlatt and

Gordon, 1985). At this stage, relapse prevention is of great significance.

Maintenance is when people are less likely to relapse and become more confident
about achieving behaviour change (Velicer et al., 1998). Depending on the extent of
temptation and self-efficacy level, the maintenance stage can last from six months to
five years until zero temptation and 100% self-efficacy are achieved, which is
characterised in the termination stage (Prochaska, 2008).

According to the Transtheoretical Model, stages of change are unstable and can

change at any time, mainly depending on individuals’ decision-making process
(Prochaska and Norcross, 2018). Therefore, in the context of smoking cessation, it is
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essential to enhance the beliefs that smoking is harmful and smoking cessation is
beneficial (Prochaska, 2008). Besides supporting the decision-making process,
Prochaska (2008) also proposed that providing positive reinforcement to individuals
when they successfully resist cravings, providing social support so they can seek
help, and reflecting on successful individuals in changing behaviours are helpful in
achieving long-term behaviour change.

2.5.2 Protection Motivation Theory

Protection Motivation Theory is a psychological framework first established in 1975
(Rogers, 1975). It was then revised in 1983 to predict how people perceive and
respond to threats, emphasising the importance of cognitive processes in behaviour
change (Maddux and Rogers, 1983).

Revised Protection Motivation Theory proposed two cognitive processes mediating
behaviour change: threat appraisal and coping appraisal (Maddux and Rogers,
1983). The threat appraisal is composed of intrinsic rewards, extrinsic rewards,
vulnerability, and severity (Prentice-Dunn and Rogers, 1986), which evaluates
factors that influence the possibility of the uptake of risky behaviours, such as
smoking, while coping appraisal makes the judgements of the efficacy of preventive
response (response efficacy), such as smoking cessation, the costs of taking
preventive response, and self-efficacy (Prentice-Dunn and Rogers, 1986). The
dynamic balance between the two pathways determines the possibility of taking the
risky behaviour (Maddux and Rogers, 1983). Figure 2.3 shows the components of

the Protection Motivation Theory.

Take smoking as an example, smokers take into account the pleasurable sensation
and happiness they experience from smoking (intrinsic rewards), as well as the
convenience it provides in social situations (potential extrinsic rewards). They also
consider the possibility of developing diseases because of smoking (vulnerability)
and what bad outcomes will be to their lives (severity). Simultaneously, people also
evaluate their ability to decline a cigarette offered by others (self-efficacy), the
advantages of quitting smoking (response efficacy), and the barriers they might

encounter during smoking cessation (response cost).
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Figure 2.3: Protection Motivation Theory (Maddux and Rogers, 1983)

According to Protection Motivation Theory, smoking cessation interventions should
enhance awareness of the severe risks of smoking and individual vulnerability while
also strengthening awareness of the benefits of quitting to provide ongoing support
and motivation to stop smoking. Finally, the interventions should also include
strategies to enhance smokers' self-efficacy in quitting smoking. Protection
Motivation Theory provides valuable insight into how smokers decide to stop
smoking through the balance of two cognitive pathways.

2.5.3 Self-determination theory

Self-determination theory was initially developed in the 1980s (Deci, 1985). It
focuses on individuals’ innate psychological needs and discusses how individuals
make decisions and take actions based on these psychological needs. Three
fundamental psychological needs which drive individuals to change risky behaviour
are involved in SDT: autonomy, competence, and relatedness (Deci and Ryan,
2012b). Autonomy refers to individuals’ need to feel they have control over their
actions. Competence refers to the individual's feeling that they can succeed in
behaviour change. Relatedness refers to the desire to be connected to others.
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Take smoking cessation as an example, smokers need to feel that the decision to
quit smoking is based on their own will rather than being forced by external
pressures. This autonomy is a critical factor in stimulating the intrinsic motivation to
quit smoking, allowing them to be more actively engaged in quitting (Williams et al.,
2009). Competence refers to the extent to which smokers feel they are capable of
effectively controlling their addiction (Williams et al., 2009). Lastly, relatedness
means that smokers need to think that they are in a supportive environment where
they can receive support from others and provide support to others (Williams et al.,
2011).

Self-determination theory posits that fulfilling the psychological needs for autonomy,
competence, and relatedness is the key driving force in changing smoking behaviour
and achieving long-term abstinence. The current study provides a valuable
framework for analysing participants' psychological needs in smoking cessation,
thereby gaining a more comprehensive understanding of their decision-making
processes and behaviour patterns. In the following sections, | will introduce the
advantages and challenges of health apps and important concepts in HCI| and
discuss the application of mobile technology in smoking cessation.

2.6 Roles of mHealth in Smoking Cessation

2.6.1 Advantages of Health Apps

Providing interventions through mobile phones can offer various benefits (Davies
and Mueller, 2020). The first advantage is the ubiquity of mobile phones. In
developed countries, smartphones are ubiquitous among those under the age of 35.
Although the ownership rate of smartphones varies significantly among different age
groups and countries (Pew Research Center, 2019), the potential of health apps to
manage disease or change behaviours is still considerable (Bousquet et al., 2017,
Santo and Redfern, 2019, Alshagrawi and Abidi, 2023). In China, the rate of
smartphone ownership stands at 74.5% up to 2023, with a forecast of an increase to
82.8% by 2027 (Statista, 2023).

Given the high penetration rate of mobile phones, health apps have the enormous

potential to provide suitable support with the right type and specific intensity at the
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right time based on individuals' circumstances and needs (Naughton, 2017, Nahum-
Shani et al., 2018). Taking smoking behaviour as an example, smokers’ cravings can
strike at anytime and anywhere, so traditional smoking cessation interventions, such
as face-to-face counselling, are limited by time and location. For example,
scheduling appointments in advance or attending the appointment in person may be
needed. Smoking cessation apps emerge as a promising tool to provide just-in-time

support.

For individuals who are uncomfortable with face-to-face treatment for various
reasons, such as fear of stigma, health apps may provide health information and
support through a platform that enhances anonymity (Kim et al., 2022). Anonymity
refers to the ability of health apps to protect users' identities, such as names and
addresses, so users will not be identified while using the app (Wright, 2004).

In addition, health apps can enhance user experience through interactive features,
including users’ interactions within the app or communication with the chatbot (an
automated programme designed to simulate interactive conversation with humans)
(Zhang et al., 2023). For example, a common feature in smoking cessation apps is
the social support function, which allows users to communicate with other users
about their smoking cessation experiences and share their journey or achievements
(Bendotti et al., 2022).

Compared with traditional interventions providing only static information, such as
leaflets, health apps can be tailored to various user demographic traits and
preferences (Davies and Mueller, 2020). The enhanced personalisation trait of health
apps increases the likelihood of meeting users' needs (Ho and Bodoff, 2014). For
example, smoking cessation apps could enhance personalisation by offering an
assessment before use and providing tailored suggestions based on the assessment
results (Regmi et al., 2017).

Lastly, traditional face-to-face interventions may require more resource inputs, such
as transportation and staff training (Davies and Mueller, 2020). As a cost-effective
approach to providing health support, health apps can maximise the utilisation of
limited resources to support users without incurring additional costs for repeated use.
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2.6.2 Challenges of Health Apps

Despite the advantages of health apps, they also face some challenges. The first
one is the unequal access to the Internet and smartphones among different age
groups and regions alongside the digital divide within some countries (Makri, 2019).
Furthermore, the ownership rate of smartphones varies significantly among different
age groups. For example, in 2018, 95% of the American young population (aged
under 35) owned a smartphone, while this rate dropped to 67% among the
population aged 50 and over (Pew Research Center, 2019). The age gap in
smartphone ownership rate is more pronounced in developing countries. For
instance, in the Philippines, the smartphone ownership rate among young people in
2018 was 74%, nearly three times the rate among people aged 50 and above (27%)
(Pew Research Center, 2019). Additionally, due to the inevitable digital divide in
regions with different levels of economic development, there is still debate on
whether internet-based interventions can reduce the inequities in accessing
resources, including health resources. For example, one study explored how
disparities in access to digital tools and internet connection stability affect online
learning outcomes among student groups. This study found that students who were
in economically developed areas typically had better equipment and Internet
connection. Therefore, they often made better use of the provided online educational
resources (Guo and Wan, 2022).

The second challenge is the need for more high-quality apps. Despite some
initiatives providing users with evidence-based, authoritative health apps (NHS,
2023), many apps on the market are not high-quality (Thornton et al., 2017).
Thornton et al. (2017) identified 112 smoking cessation apps and evaluated their
quality using the Mobile Apps Rating Scale. They found only six high-quality apps

among all identified apps, and only two had been assessed for efficacy.

Compared with traditional face-to-face interventions or programmes which require
cost investments (counselling administration fee, transportation, time cost, etc.),
health apps are often free to download and require no formal commitment (Davies
and Mueller, 2020). Research has shown that a high drop-out rate exists among
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health app users, and addressing this could increase the effectiveness of health
apps in managing diseases (Torous et al., 2020, Meyerowitz-Katz et al., 2020).

There are also issues of user privacy and security challenges. User privacy and
security are essential considerations for app developers and also one of the risks
users face when using mobile apps (Davies and Mueller, 2020). There has been
research investigating this issue to raise public awareness (Adhikari et al., 2014, Al-
Sharo, 2019). For example, Adhikari et al. (2014) investigated the most popular
health apps (n=20) to identify user privacy and security issues. The results showed
that 65% (n=13) of the apps required users to input personal information (such as
name, address, date of birth, email address, etc.), while only 5% (n=1) of the apps
mentioned that users could delete their personal information permanently.
Additionally, 50% (n=10) of the investigated apps stored user data in the cloud,
increasing the risk of user privacy breaches. Only 20% (n=4) of the apps provided
data privacy and security information.

Finally, technical problems could be a challenge. Most health apps depend on a
network connection (although some apps may allow certain offline features to be
used). In addition, device conditions and technical problems, such as app lagging,
freezing, data loss, etc., may compromise function or threaten user security,

significantly impacting user experience and engagement (Auton et al., 2023).

2.6.3 Usability and User Experience of mHealth Apps

2.6.3.1 Usability

Emerging in the 1980s (MacKenzie, 2013), Human-Computer Interaction is a broad
concept and a diverse discipline that draws upon the specialised knowledge of
different domains, including psychology (Card, 2018), anthropology (Ritter et al.,
2014), cognitive science (Cross and Ramsey, 2021), computer science (Carroll,
2003), linguistics (Cowie et al., 2001), etc. HCI focuses on how people use or
interact with devices and systems that incorporate computation and how to make
these devices and systems more usable and useful (Carroll, 2003).
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Usability is an important domain within HCI. A usable system helps users achieve
intended goals with effectiveness (whether users can achieve their intended goals
successfully), efficiency (how fast users can achieve their goals), and user
satisfaction (whether users like using the product), considering the specific context of
use (Wu et al.,, 2017, Lee et al., 2019).

However, usability is not just about how easily and effectively the product can help
users achieve outcomes. While usability has diverse definitions and facets (Shultz
and Hand, 2015), most definitions encompass domains including learnability,
memorability, productivity, and user satisfaction (Jordan, 2020). Learnability refers to
how easily users learn how to use the product (Shultz and Hand, 2015).
Memorability, on the other hand, indicates how well users can recall how to use the
product after a period of disengagement with the product (Frith, 2019). Productivity is
composed of effectiveness and efficiency, focusing on how effectively and quickly
users can achieve their goals after using the product (Frith, 2019). In Human-
Computer Interaction, effectiveness refers to whether users can achieve their
intended outcomes, such as smoking cessation, after completing tasks in products,
such as smoking cessation apps (Everett et al., 2006). If users can achieve the
desired outcome through interaction with the product, the product is considered
effective. On the other hand, efficiency is about how much resources and time are
needed to use the product to achieve tasks (Frgkjeer et al., 2000). A product with
efficiency enables users to complete tasks easily and intuitively. User satisfaction
refers to the extent to which users are satisfied with the product meeting their needs
and expectations physically, emotionally, and cognitively (Georgsson and Staggers,
2016). User satisfaction is a subjective domain, which means how pleasing it is to
use the product and how acceptable it is for users to use it to achieve intended
goals. It means a product may be usable to some users, but it does not necessarily

mean it is usable to other users (Jordan, 2020).

Additionally, to enhance the overall usability of a product, during the user-centred
design process, it should be considered how to meet the needs and requirements of
as many users as possible, which is known as accessibility (Stephanidis et al.,
1998). Accessibility refers to the extent to which a product can be used to achieve
intended outcomes under specific contexts or by different populations with specific
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needs and capabilities (ISO, 2013). In the field of smoking cessation, mobile apps
can be customised to cater to the needs of various user groups, such as pregnant
women or smokers with mental health issues, to enhance their usability and
effectiveness (Wu et al., 2017, Gowarty et al., 2020).

With the increasing prevalence of mobile healthcare technology (Kumar et al., 2013),
usability has become more crucial. Although specific system attributes can make the
product more usable, usability is the outcome of the interaction between the product
(e.g. smoking cessation apps) and its users (individuals who interact with the
product, such as smokers who use apps to quit smoking) (ISO, 2018).

2.6.3.2 User Experience (UX)

In the past decades, studies have moved the focus beyond usability to more
engaging design with positive UX (Hassenzahl and Tractinsky, 2006, O'Brien and
Cairns, 2016). UX is an umbrella term that covers how users perceive and react to a
product, including users’ beliefs, preferences, perceptions, behaviours, etc., that
occur before, during, and after interaction with the product (ISO, 2010). Anyone with
little expertise in coding and UX design principles can develop apps. However, these
apps may be flawed and of low quality (Wright et al., 2018). UX design is the
overarching principle for all app design, given that a usable product with bad UX that
fails to capture users’ attention will lose user engagement (O'Brien and Toms, 2008).

Peter Morville designed a ‘honeycomb’ model of UX, which incorporates seven
facets, each representing the perceptions users have when they interact with the
product: useful, usable, desirable, findable, accessible, credible, and valuable
(Morville and Sullenger, 2010). Table 2.1 shows the meanings of the seven

attributes.
Domains in Definition Smoking cessation apps as an example
Useful The product is useful in assisting Users find the app useful to help them stop
users to achieve intended smoking
outcomes
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Usable The product can help users Users can efficiently use the app to support
achieve intended goals with their goal of smoking cessation, and they
effectiveness, efficiency, and user | like using the app
satisfaction

Desirable Be able to evoke users’ emotions | Apps employ emotional elements to
stimulate users' emotions and motivate them
to quit smoking

Findable Easy to locate the functions that A navigable design that users can find what

users need they need easily
Accessible Accessible to people with different | Users with special needs, such as people
capabilities with poor vision or limited dexterity, can
access the app

Credible Users trust the product Users trust and believe what the app tells
them

Valuable The product can benefit users and | Users value the support provided by the app

sponsors

in reaching their goal of smoking cessation

Table 2.1 User Experience Domains

The success of health apps largely depends on UX (Partala and Saari, 2015). If

users have a positive UX when using apps, it can boost their motivation, making

them more inclined to persist in using the app during the behaviour change process

(Vilardaga et al., 2016, Spillers and Asimakopoulos). Conversely, negative UX may

cause users to lose interest in the app, reducing the possibility of achieving the
intended outcomes (Akter et al., 2013, Kim et al., 2019).

2.6.4 Smoking cessation apps as an intervention

Smoking cessation apps are designed to provide users with a supportive and user-

friendly environment to help smokers quit smoking. Apps with good usability can

ensure users can access app functions and resources easily without encountering

complex interfaces or operations (Wu et al., 2017, Gowarty et al., 2021). Moreover,

smoking cessation apps can help smokers stop smoking by offering social support,

virtual rewards, positive feedback, consideration of privacy issues, and personalised
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support to boost motivation to stop smoking and increase user engagement (Zhang
et al., 2023).

Different types of smoking cessation apps have existed on the market, including
calculator type, calendar type, rationing type, hypnosis type, and gamified type
(Abroms et al., 2011). ‘calculator type’ generally tracks how much money saved and
how many health benefits gained because of quitting smoking; ‘calendar type’ track
how many days have passed since the quit date; ‘rationing type’ control or limit the
amount of tobacco use thereby helps users gradually quit smoking; ‘hypnosis type’
aims to change the smokers’ mindset and reduce the smoking cravings; ‘gamified
type’ employs game-like elements within apps to make the smoking cessation
journey more motivating and enjoyable (Abroms et al., 2011, Edwards et al., 2018,
Rajani et al., 2021a). There are also some smoking cessation apps designed to
identify smoking patterns and triggers to cravings to help smokers better avoid high-
risk situations, alongside offering educational content on the risks of smoking and the
benefits of smoking cessation (Zhang et al., 2023). Most smoking cessation apps
employ a mix of different features to help smokers achieve their intended outcomes
effectively (Rajani et al., 2021a).

Smith et al. (2017) found that user engagement with apps can be productive and
counter-productive, while user disengagement can be productive and non-
productive. For example, when smokers feel overwhelmed by the contents of the
app, counterproductive engagement can happen. Interestingly, the study also found
that disengagement can be productive. For instance, some users believed that once
they felt in their ability to stop smoking, they would stop using the smoking cessation
app but still focus more on quitting smoking. Unravelling the underlying mechanisms
by which smoking cessation apps work would enable app developers to optimise the
effective mechanisms that aid smokers in quitting while minimising any counter-
effective mechanisms that impede the smoking cessation process. However, no
existing research has identified the mechanisms through which smoking cessation
apps help smokers change smoking behaviour. Engagement with these apps could
be counterproductive without a clear understanding of these mechanisms. Therefore,
this study is of significance in understanding these underlying mechanisms.
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CHAPTER THREE: Methodology and research design

3.1 Introduction

Human beings are inherently endowed with the ability for philosophical thinking
(Matthews, 1994). Clarity regarding the decisions that influence research outcomes
is crucial for the meaningful interpretation of the research, making a solid
understanding of philosophy essential (Hollis, 1994). Using realist evaluation
methodology, the overall aim of this project was to examine what aspects of smoking
cessation apps work for Chinese smokers, under what circumstances, and why.

This chapter presents the philosophical paradigms underpinning the research and
the methodology and methods employed in this study. | will first introduce the
ontological and epistemological position of realism, which underpins realist
evaluation. Then | will introduce different strands of realism, including scientific and
critical realism. Following that, | will elucidate different theoretical perspectives and
the philosophical foundation of realist evaluation, followed by what ‘theory’ means in
realist evaluation. Next, | will explain why programme theory is essential in realist
evaluation. The methods of formulating, testing, and refining programme theories
and how they were applied in this study to guide the research are explained. Finally,
| will present the ethical considerations in this study and the methods at each
research stage.

3.2 Philosophical underpinnings

Philosophy includes the objective natural laws that govern the entirety of existence,
establishing an immutable and irrefutable framework that underlies all aspects of
reality (Hollis, 1994). It equips us with overarching principles for theoretical thinking,
a cognitive approach, a unique perspective, and self-awareness (Deleuze and
Guattari, 1994). These invaluable assets enable people, with or without a social
science background, to acquire a deeper understanding of reality and facilitate the
design, implementation, analysis, and interpretation of social science research and
its outcomes (Heberlein, 1988, Winch, 1990, Mascia et al., 2003, Newing, 2011,
Moon and Blackman, 2014).
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Having a thorough grasp of the fundamental principles and underlying assumptions
of the specific field, such as nursing health, is essential for researchers and greatly
beneficial when interpreting research findings distinct from other disciplines
(Sievanen et al., 2012, Moon and Blackman, 2014). Therefore, it is important to
examine and deconstruct the ontology and epistemology that underpins the current
study.

3.2.1 Realism: where is it in ontology and epistemology?

In this study, | hold the view that realism sits closer to post-positivism in ontology and
closer to constructivism in epistemology, which acknowledges the independently
existing reality, and we can gain knowledge about the unobservable part of reality
through capturing human perceptions and experience (Kozhevnikov et al., 2020).

Ontology focuses on the essence of existence, the nature of entities, and their
relationships (Jacquette, 2002). It examines the fundamental characteristics of
existence, the classification of entities, and their attributes (Jacquette, 2002). Every
robust social science research is built upon ontological foundations, encompassing
theoretical viewpoints regarding the nature of the research subject, even if these
viewpoints are not explicitly articulated (Kozhevnikov et al., 2020). The research aim
of this study was not to examine whether smoking cessation apps work but to
explore how they work. Realism ontology aligns well with my research aim since
realism posits the understanding of the unobservable and hidden causal
relationships and mechanisms to explore reality (Kozhevnikov et al., 2020).

Positivism is grounded in the ontological assumption that an objective reality exists
independently of human perceptions and subjective values (Adam, 2014b). In
positivist epistemology, only those observable facts are regarded as sources of
knowledge (Aliyu et al., 2014, Adam, 2014a) , and it emphasises the use of scientific
methods and empirical observation to understand and explain the world (Adam,
2014b). On the other hand, post-positivism emerged as a response to some
limitations of positivism. Although it shares a similar ontological point that an
independent reality exists, post-positivism acknowledges that what is observed and
how it is interpreted can be influenced by human perceptions and experience (Groff,
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2004). Post-positivism recognises that researchers may bring their assumptions,
biases, and theoretical frameworks to their research and aims to be transparent
about these influences, regardless of acknowledging the independent reality (Aliyu et
al., 2014, Adam, 2014a).

Realism shares a similar ontological view with post-positivism, which recognises that
an external reality exists independently of human perceptions and beliefs and that
both the observable and unobservable reality exist (Collier, 1994, Bhaskar, 1975,
Bhaskar, 2010). In the context of this study, underlying mechanisms by which
smoking cessation apps work are often unobservable but exist independently of our

perceptions. These mechanisms can be unravelled using a realist lens.

Epistemology, also known as the study of knowledge, concentrates on the essence
of knowledge and the way we generate it (Hollis, 1994). Positivism epistemology
advocates that knowledge should be based on observable and measurable facts,
pursued through scientific experiments and observations to achieve an objective
understanding, while post-positivism epistemology acknowledges the limitations of
human cognition, emphasising the critical nature of knowledge (Adam, 2014b).
Constructivist epistemology, on the other hand, posits that knowledge is constructed
through the combination of social interactions and cultural contexts (Osborne, 1996).
It suggests that humans actively construct knowledge and understanding based on
their experiences, interactions, and mental processes (Osborne, 1996, Guba and
Lincoln, 2005). Constructivism posits that our sense of reality and its existence is
inherently uncertain, and it challenges the notion of absolute truth or falsehood
(Kukla, 2013). Realism supports that knowledge is independent of human
construction but can be acquired through capturing perceptions and experience, and
the goal of gaining knowledge is to understand and interpret the independently

existing reality (Collier, 1994).

Both positivism and post-positivism employ the successionist model, which
emphasises the number of times we observe what happens. However, while both
realism and post-positivism reject the positivist idea of a completely objective and
value-free science, realism is distinct from post-positivism by emphasising

uncovering objective realities and identifying generative causal mechanisms (Collier,
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1994, Groff, 2004). In the context of this study to explore how smoking cessation

apps help smokers quit smoking, | believe that there are hidden and latent

mechanisms existing beneath the observable reality, such as experiences. | also

believe these latent mechanisms can emerge by capturing human perceptions or

experiences.

Table 3.1 presents my understanding of the differences between post-positivism,

constructivism, and realism based on their understanding of the existence of

independent reality, knowledge acquirement sources, and the goal of acquiring

knowledge.

Post-positivism

Constructivism

Realism

Independent | Yes, unlike positivism, it No, reality is constructed | Yes, there is an external reality
reality accepts that human or shaped by human that exists independently of our
values, experience can cognition, perception, perceptions and beliefs
influence what is and interpretation.
observed and how it is
interpreted
Knowledge | Can be identified and Constructed by human The unobservable knowledge

acquirement

reported through

experiences,

can be acquired through

sources observable facts but may | interactions, and mental | capturing perceptions and

be affected by human processes experience

perceptions and

experience
The goal of | To approach objective To establish To understand and interpret the
acquiring reality as close as understanding and independently existing reality
knowledge | possible interpretation of the

world

Causal Successive causation Prone to successive Generative causation
reasoning causation
Summary Realism sits closer to post-positivism in ontology but differs in the causal reasoning

approach. Realism sits closer to constructivism in epistemology
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Table 3.1 Differences between post-positivism, constructivism, realism (Groff, 2004,
Kukla, 2013)

There are two primary forms of realism: scientific realism and critical realism
(Mukumbang et al., 2023). Overall, scientific realism primarily focuses on describing
and explaining scientific theories, emphasising the objectivity and truthfulness of
science and aiming to provide approximations of truth (Boyd et al., 1984). On the
other hand, critical realism allows researchers to deeply explore social phenomena,
their causes, and their effects by considering the interplay between underlying
structures and human agency (Collier, 1994, Kozhevnikov et al., 2020). | will explain
the key tenets of scientific realism and critical realism in the following sections.

3.2.2 Scientific realism

Scientific realism extends beyond the realm of the observable world, which can be
comprehended through anthropocentric methods and observational measurements
to encompass the unobservable aspects of reality (Boyd et al., 1984). According to
the scientific realism semantic notion, science aims to give a literally true account of
the world (Mukumbang et al., 2023). It argues that scientific methods, which start by
establishing a hypothesis based on observations and then test it through
experiments (Castillo, 2013), are reliable. It also posits that the entities postulated by
scientific theories, such as mechanisms, exist (Boyd et al., 1984, Chernoff, 2007).

The epistemic notion of scientific realism is called the ‘no miracles’ argument based
on the inference to the best explanations, which means the best explanation among
a set of candidate explanations is most likely to be true (Frost-Arnold, 2010). The ‘no
miracles’ argument is aimed at convincing the success of scientific theories in
explaining and predicting phenomena because they largely reflect the essence and
structure of the real world (Frost-Arnold, 2010). Scientific realists not only accept that
reality exists independently of human perception but also hold the view that they can
capture the truth about the nature of reality through scientific theories (Chernoff,
2007). It can be suggested that scientific realists start from common sense and
abductive thinking to formulate hypotheses and select those that offer the best
explanation as the explanation of reality (Mukumbang et al., 2023).
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From the semantic notion of scientific realism, any scientific pursuit should take the
activity of retroduction to uncover why things exist as they are (Jagosh, 2020).
Retroduction involves making inferences to formulate and assess underlying and
unobservable mechanisms (Jagosh, 2020). An abductive thinking, which uses
creative imagination, is needed in retroduction (Chiasson, 2005). Abduction is a
unique type of logical inference, which has an epistemological aspect as it focuses
on suggesting hypotheses that explain an observation (Chiasson, 2005), and
retroduction refers to a comprehensive logical approach that integrates abduction,
induction and deduction (Jagosh, 2020). Retroduction gains its prominence as it
includes exploring the hidden causal relationships that underlie observed entities or
changes happened to identify the unobservable patterns (The RAMESES Il Project,
2017b).

3.2.3 Critical realism

Critical realism is distinct from scientific realism because it recognises that our
understanding of reality is influenced by our social and historical contexts (Collier,
1994). Understanding the key tenets of critical realism is important to give the
rationale for adopting it as my ontological position because it shapes my
understanding of knowledge and how | acquired it in the current study. Specifically,
understanding the key tenets of critical realism influenced the methods chosen for
this study, including how | collected and interpreted findings. In the following
sections, | will introduce the key tenets of critical realism.

3.2.3.1 Stratified reality

Although scientific realism recognises the ontological depth of reality, which is
composed of observable and unobservable entities, it does not clarify the layers of
reality introduced by Bhaskar (1975). Critical realism, however, clarifies where these
observable and unobservable entities exist (Mukumbang et al., 2023). Bhaskar
(1975) introduced a three-tiered categorisation consisting of the ‘Real, Actual, and
Empirical’ levels. Critical realism posits that the ‘real’ causes the ‘actual’, which may
or may not be observed through the ‘empirical’ (Collier, 1994).
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What can be observed in the domain of ‘empirical’ is driven by the objective entities,
such as mechanisms, that exist independently of human perception. Progressing to
the ‘Actual’ domain, it posits that the objective entities not only exist at the empirical
level but also incorporate events that are either observed or not. While certain events
can be scientifically observed or captured, others cannot be observed even using the
best scientific observation tools because they occur beyond perceptual abilities or
happen in specific contexts that are not easily captured (Brekke and Anastas, 2019).
Nevertheless, irrespective of the observability of these events, they are considered
situated within the ‘Actual’ domain, as they undeniably happened. Finally, the
domain of ‘Real’ encompasses the entirety of the aforementioned observable or
unobservable constituents, regardless of their observability (Figure 3.1). These
observable and unobservable structures and mechanisms are recognised to exist in
the realm of ‘Real’, and what realist researchers need to do is to unravel the hidden
mechanisms and contextual conditions that are combined to determine whether an

intervention or social programme will work or not through the realist lens.

Actual:
events

Empirical:
mechanism /

Figure 3.1 Three levels of reality (Adapted from Bhaskar (1975))
3.2.3.2 Embeddedness

According to Pawson and Tilley (1997b), embeddedness indicates that all human
actions (social phenomenon) are embedded within a range of “stratified nature of
social reality” (p.64). They explained this through the example that we accept
cheques as a valid form of payment due to the recognition and acknowledgement of

the social organisation known as the banking system and its role. Embeddedness,
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referred to as social phenomena, is not isolated or independent entities but is deeply
rooted within a larger social, economic, and historical context in diverse subjects
(Granovetter, 1985, Dacin et al., 1999).

The central theme of critical realism that reflects embeddedness is emergence,
advocating for a stratified or layered understanding of reality (Collier, 1994, Archer,
1995, Bhaskar, 1998). It implies that social phenomena have qualities and
characteristics that cannot be fully explained by analysing them individually. For
example, in this study, the understanding of smokers’ smoking behaviour cannot be
isolated from the specific Chinese smoking culture, such as regarding sharing
cigarettes as a way to establish social relationships. The social function of smoking
can be a barrier for Chinese smokers to stop smoking and requires the social

support features within apps to provide social support.

3.2.3.3 Open systems

To test the causal relationship that ‘X leads to Y’ in traditional experimental studies, a
‘closed’ system, in which the unique variable X’ can be isolated from any other
factors. For example, in a two-arm randomised controlled trial (RCT) to test whether
a medicine is effective, the only variable between the control group and intervention
group should be the existence of the medicine. However, in this study, it is unrealistic
to have two separate groups in a ‘closed’ system, with a smoking cessation app as
the only variable in the two groups.

An ‘open system’ suggests that the world is the result of the interplay and connection
between diverse social entities embedded in multiple broader social contexts and
external factors (Fleetwood, 2017, Pawson et al., 2005). Pawson and Tilley (1997b)
concluded that failing to recognise social phenomena as an open system leads to an
exclusive emphasis on the "input" and "output" aspects of causal relationships and
ignorance of the crucial "throughput" (p.40), which refers to the processes that occur
within a system as it interacts with various social entities over time. By overlooking
the dynamic interplay and exchanges taking place within the open system, an
incomplete understanding of social phenomena may arise (Collier, 1994). In an open
system, the causal relationship between ‘X’ and ‘Y’ is not linear; instead, it is realised

through multiple mechanisms and intermediate processes. For example, when
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exploring how a smoking cessation app helps smokers quit smoking, smokers’
decisions to quit smoking are influenced by various factors, such as their personal
motivation to quit, social support level, etc. If the ‘open system’ is not recognised, it
may lead to overlooking other influencing factors and focusing solely on the role of
smoking cessation apps in the quitting process.

Human potential to alter society is infinite through the interplay between different
social entities and generates both observable and unobservable patterns that
manifest as events, known as demi-regularities, within the realm of the 'Actual’
(Fletcher, 2017). These demi-regularities are not strict causal relationships or definite
patterns but are trends that regularly happen under specific conditions. The concept
of demi-regularities, rather than deterministic regularities, also emphasised that
context plays a significant role in shaping outcomes. Individuals’ interaction with
different social entities can result in multiple mechanisms, allowing alternative or
unintended outcomes to be observed (Danermark, 2001). For example, in the
current study, demi-regularities, such as the relationships between user engagement
level and the successful rate of smoking cessation, could potentially be identified.
This demi-regularity may indicate that the relationship between high user
engagement and high success rate is a trend, but this trend may depend on specific

contexts, such as whether the app features meet users' needs.

Since this study is a realist evaluation, understanding the core principles of realism
that underpin realist evaluation is crucial for promoting the uptake of realist
evaluation research and enhancing the utilisation and implementation of research
findings (Marchal et al., 2012, Mukumbang et al., 2023). After understanding the key
tenets of realism, in the following sections, | will explain what realist evaluation is,
how it is distinct from other evaluation types, and the rationale for choosing it in this

study.

3.3 Realist evaluation: what is it and how is it distinct from other evaluation
types?

Realist evaluation is a theory-driven approach to evaluating complex social

interventions or programmes (Pawson and Tilley, 1997b). Instead of answering the
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question, ‘Does X lead to Y?’, it explores the deep driving force that causes the
changes. Realist evaluation is distinguished from other evaluations by its unique

causation reasoning approach.

3.3.1 Scientific reasonings of causation

Two scientific reasonings about causation, successionist and generative causation,
offer contrasting perspectives. Realists embrace generative causation while
shunning the successionist view (Pawson and Tilley, 1997b). Both successionist and
generative causation theories acknowledge the underlying assumption that a specific
connection exists between two events, which can be explained through scientific
methods. They recognise the importance of understanding causal relationships that
exhibit regular patterns instead of attributing them to random or coincidental

occurrences (Harré, 1985).

The successionist view of causation, however, is predicated on a series of discrete
events and has some weaknesses. For example, researchers conduct many
repeated experiments in RCTs to establish a causal relationship, concluding that ‘X
leads to Y. As explained in section 3.2.3.3, X must be the sole variable in these

experiments, while other influencing factors are rigorously controlled.

However, when evaluating social programmes, a range of challenges arises from
this approach. Pawson and Tilley (1997b) used the example of the evaluation of the
‘Cognitive Skills’ programme to elucidate it. To know whether this programme is
effective in preventing conviction and readmission rates, a rigorous RCT was
designed. During the research design process, the following problems were
encountered by evaluators in this project: (1) The ethical issue of randomly assigning
participants to an intervention group and a control group; (2) A potential bias may
arise if people volunteered to participate in the intervention group; (3) The excessive
emphasis on methodological rigour and precision in RCT design sometimes
overshadowed the exploration of the underlying problem being addressed and the
nature of the programme under evaluation; (4) During the implementation and
participation in the programme, there were too many uncontrollable variables, such

as participants' backgrounds and compliance. In this study, smoking behaviour could
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be considered a complex problem because it is influenced by multiple social factors
and, therefore, requires smoking cessation apps to make changes at various levels
to achieve the desired changes. It is unrealistic to understand how smoking
cessation apps work in a ‘closed’ system where all other interfering variables are
controlled.

On the other hand, in generative causation, factors other than the primary variable
are not perceived as interfering and extraneous variables requiring strict control but
rather as contributors to the outcomes (Figure 3.2). Conversely, generative
causation implies that human behaviours can only be understood within the context
of specific social systems in which they trigger subsequent behaviours. This
perspective recognises the complex interaction of causal factors and the emergent
properties that arise from social systems. Realist evaluation aligns with generative
causation because it acknowledges the causal dynamics inherent in complex social
systems, rejecting the successionist perspective of causation that posits causation
as a sequence of discrete events (Pawson and Tilley, 1997b). In the current study
using realist evaluation to examine how smoking cessation apps help Chinese
smokers stop smoking, generative causation plays a central role. This approach
focuses on understanding the underlying mechanisms through which the app
features activate specific changes in smokers. Exploring the contexts in which these
mechanisms operate effectively can uncover why and how apps lead to successful
smoking cessation for different smokers under varying conditions. This generative
causation reasoning allows for a deeper understanding of the multifaceted

interactions between smokers, apps, and the social contexts they situate.
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,Contexts

Main Mechanism

X

Y

Other Mechanism I

Figure 3.2 Generative Causation in realist evaluation (Adapted from Pawson and
Tilley (1997b) )

3.3.2 Theory-driven evaluation: what does ‘theory’ mean?

Theory-based evaluations focus on understanding how an intervention leads to
intended outcomes, which makes the hidden and latent mechanisms explicit.
Otherwise, it will be difficult to interpret the success or failure or mixed results of the
programme or intervention. In these approaches, the importance of theory is
emphasised as it can explain why an intervention is effective or fails to achieve the
expected or intended outcomes (Wight et al., 2016). The ‘theory’ in evaluation has
four meanings: philosophical theory, evaluation theory, formal theory, and
programme theory (The RAMESES Il Project, 2017c).

Philosophical theories explain the causal relationships between things and how they
occur. In section 3.2, | explained that the philosophical basis of realist evaluation is
the realism philosophy of science.

Evaluation theory examines how various entities can be evaluated and what
conclusions can be drawn regarding the outcomes to help define evaluation
questions, select appropriate evaluation methods, collect and analyse data, interpret
findings, and draw conclusions (Westhorp et al., 2011). Evaluation theory is about
evaluation itself, such as methodology based on the epistemological assumptions,
methods used for data collection and analysis, and roles of evaluators, etc. (The
RAMESES Il Project, 2017c). Realist evaluators adhere to the overarching
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evaluation theory known as realist evaluation, elucidating the process by which

programmes generate outcomes.

Formal theory, or substantive theory, is a set of theories that work in specific
disciplines and provide a massive theoretical foundation of existing knowledge and
evidence. However, relying solely on formal theories from past literature can
sometimes be too abstract or disconnected from the specific programme or
intervention, which makes it necessary to develop customised theories, called
programme theories, that can then be supported by formal theories. In the following
sections, | will explain the core constructs of programme theory.

3.3.3 Programme theory

Programme theory is a structured model that presents the underlying logic behind a
programme or intervention, which aims to explain how a programme or intervention
is expected to work (Funnell and Rogers, 2011). With a successful programme or
intervention that has achieved intended outcomes, programme theory can help
evaluators identify essential elements within the programme or intervention. If a
programme or intervention fails to cause intended outcomes, programme theory also
works to help evaluators know it is because the programme or intervention does not
work or the implementation route is inappropriate (Wight et al., 2016). Lastly, if a
programme or intervention causes mixed results, some participants achieve the
intended outcomes while others fail. Programme theory helps evaluators to identify
whether the programme or intervention only works in specific contexts or
populations. Table 3.2 summarises the impact of programme theory on interpreting

different evaluation results.

Programme Programme without Programme with programme theory

implementation | programme theory

result

Successful The logic model ¢ Identify essential functional elements so the
containing intermediate programme can be adapted to other settings
processes or outcomes is e Identify intermediate outcomes
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Failed absent, so it is hard to e Identify whether it is the programme itself or the
explain results implementation route that leads to the failure
Mixed results ¢ Identify whether the programme only work in

specific contexts or among specific population

Table 3.2 Functions of Programme Theory (Funnell and Rogers, 2011, Wight et al.,
2016)

Programme fidelity, which measures to what extent an intervention is delivered
adhering to the programme protocol originally designed (Mowbray et al., 2003), is
trying to be achieved through controlling variables in experimental designs, such as
RCTs. Fidelity is not failed, but rather re-articulated in the form of programme theory
in realist evaluation (The RAMESES Il Project, 2017a). Sitting in ‘open systems’,
where all people, information, and resources are dynamically communicated with
each other, realist evaluation makes the assumption that the programme outcomes
could be different in different people even though the identical programme is
delivered since the effectiveness of the programme is determined by different
contextual factors, social factors, human volition etc. (Pawson and Tilley, 1997b).
The aim of realist evaluators is to understand and articulate that, compared with
programme theory, what adaptations have happened and why they occurred (Wong
et al., 2016).

3.3.3.1 Initial programme theory (IPT)

Constructing initial or candidate programme theories at the beginning of the
evaluation process is crucial in realist evaluation (Pawson and Tilley, 1997b).
Inductive reasoning and deductive reasoning are two common reasoning logic in
research and evaluation (Heit and Rotello, 2010). Inductive reasoning involves
drawing conclusions from observations, while deductive reasoning starts with
existing theories to examine whether associations are consistent with expectations
(Heit and Rotello, 2010). Both inductive and deductive approaches can be employed
to formulate IPTs that describe a causal relationship, including literature review,
stakeholder consultation, hunches and retroductive thinking (Funnell and Rogers,
2011, The RAMESES Il Project, 2017a).
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Implicated by the semantic notion of scientific realism, realists often employ
abductive thinking to uncover the underlying mechanisms (section 3.2.2). A
combination of inductive development, including interviews with stakeholders, and
deductive development, including literature reviews, should be undertaken to
embrace the richness of programme theory (Funnell and Rogers, 2011).
Furthermore, abductive thinking should be employed when developing IPTs.

Regarding the presentation forms of IPTs, in Funnell and Rogers (2011), various
forms were introduced: pipeline logic model, outcomes chain logic model, realist
matrices, and narratives, etc. Realist evaluation studies typically use the
if...then...because’ statements and hypothetical Context-Mechanism-Outcome
Configurations (section 3.3.4) to theorise IPTs (Westhorp et al., 2011, Doi et al.,
2015, Wong et al., 2016). Notably, IPTs can remain in the ‘if...then’ format and then
be unpacked to CMOCs during the data analysis phase (Jagosh et al., 2022).

Context, mechanism, and outcome are three core elements in programme theory in
realist evaluation. It is assumed that complex programmes are influenced by the
interplay between various contexts and mechanisms, leading to different outcomes.
Programme theory plays a crucial role in articulating how different contexts interact
with mechanisms to lead to intended or unintended outcomes and realist evaluation
aims to unravel the programme theory that elucidates the generative causal
relationships underlying the success or failure of a programme (Pawson and Tilley,
1997a, Pawson and Tilley, 1997b, Marchal et al., 2012, Wong et al., 2016). In the

following sections, | will further define the three elements.

3.3.4 Context-Mechanism-Outcome Configurations (CMOCs)

No matter which methods are employed to formulate programme theories, it is
critical to ensure that these theories accurately reflect the realist perspective on
causation, which entails considering contexts and mechanisms and how they work
collaboratively to produce outcomes within a programme (De Souza, 2013). CMOC:s,
as the fundamental causal explanatory framework in realist evaluation (Pawson and

Tilley, 1997b), are employed by most realists to present programme theories.
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3.3.4.1 Mechanism

‘Mechanism’ is put at the forefront because it is the tool most directly associated with
stratified reality in realist evaluation (Pawson and Tilley, 1997b). Mechanisms exist
constantly in the ‘empirical’ regardless of whether they are currently operating
(Westhorp, 2014). Thus, what realists try to achieve is to explain how an intervention
or programme works by going beneath the surface (observable entities) to explore
underlying hidden mechanisms (The RAMESES Il Project, 2017d).

Pawson and Tilley (1997b) defined programme mechanisms as the process of how a
programme or intervention contributes to producing intended or unintended
outcomes and argued that mechanisms inherent in a programme or policy are the
resulting changes in individuals' decision-making processes referred to as
"reasoning" caused by the "resources" offered to individuals. In other words,
mechanisms that cause outcomes are the interactions between what a programme
or intervention provides to individuals and their ‘reasoning’ in responding to the
resources provided (Weiss, 1997). Thus, merely observing what a programme or
intervention provides, such as programme components, is insufficient to capture the
mechanisms, as it fails to account for individuals' responses (The RAMESES ||
Project, 2017d, Westhorp, 2014). To explain this, Dalkin et al. (2015) suggested
changing the equation proposed by Pawson and Tilley (1997b) ‘Context +

Mechanism = Outcome” to the following diagram:

Context + Mechanism (Resources)

l

Mechanism (Reasoning)

|

Outcomes

Figure 3.3 Revised CMO formula (Adapted from Dalkin et al. (2015))

The "reasoning" of the target population varies based on their social and cultural
backgrounds (Westhorp et al., 2011, Westhorp, 2014). Individuals with diverse
demographic factors and cultural and social backgrounds may exhibit distinct
responses to identical programme resources. This is why the identical intervention
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components may have different effects on different individuals, and it is realists’ work
to identify ‘what works for whom’. Whether mechanisms will be activated or remain
latent depends on ‘contexts’ (Pawson and Tilley, 1997b, The RAMESES Il Project,
2017d).

3.3.4.2 Context

‘Context’ in realist evaluation is defined as preexisting social rules, norms, values,
and interrelationships in the programme's implementation places (Pawson and Tilley,
1997b). To explain the relationship between context and mechanism, Pawson and
Tilley (1997b) wrote:

“It is the contextual conditioning of causal mechanisms which turns (or fails to turn)

causal potential into a causal outcome” (p.69).

Contexts determine whether mechanisms will operate and which primary mechanism
will operate among a set of mechanisms (Figure 3.2). This demonstrates that even if
the same programme or intervention with the same ‘resources mechanism’ is
implemented, different social and cultural backgrounds, demographic traits, and
personal resource availability can trigger different mechanisms, leading to different

outcomes (Figure 3.3).

Dealing with the complexity of contexts in realist evaluation is a challenge for
researchers (Pawson, 2013). Through employing a philosophical perspective of
critical realism, this realist evaluation study was conducted within an ‘open system’
where different entities interact and influence each other, leading to dynamic
changes in the existing contexts that consequently influence the intended outcomes
(The RAMESES Il Project, 2017e). The RAMESES Il Project (2017¢) added that
contexts not only include these social aspects but also encompass psychological,
economic, and resource-related factors. These factors collectively form the ‘contexts’
that shape stakeholders' mechanism (reasoning) in response to programme

resources, ultimately affecting programme outcomes.
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Contexts and mechanisms are interrelated with each other and should not be
considered in isolation, but rather bond together to explain how context influences

mechanisms and subsequently shapes outcomes (Maxwell, 2012b). Realists should

not only identify contextual factors but also employ analytical strategies to explore

the interaction between contexts, mechanisms, and outcomes to construct CMOCs

(Pawson and Manzano-Santaella, 2012).

3.3.4.3 Outcome

In realist evaluation, ‘Outcome’ is the actual impact or result produced by a
programme or intervention, including both the intended and unintended impact. To

have a comprehensive understanding of ‘Outcome’, the concept of ‘Change’ is

essential. Change refers to how the original regularity (Section 3.2.3.3: open system)

is altered to another regularity as a result of implementing a programme or
intervention. To summarise, ‘Outcome’ is shaped by the change of regularities
brought about by how different mechanisms operate in the context (Figure 3.4)
Pawson and Tilley (1997b). Every social intervention or programme is designed to
produce a change in initial ‘Regularities’.

The goal of realist evaluation is to find the social ‘Regularities’, ‘Outcomes’, and

‘Patterns’ in a programme or intervention, which are shaped by the interplay between

contextual factors and underlying mechanisms (Pawson and Tilley, 1997b).

*
R1
c1 utcome: chang

Figure 3.4 Change in regularity result in outcome (Adapted from Pawson and Tilley (1997b))

3.3.5 Implications for research design

It should be noted that realist evaluation draws from both scientific and critical
realism, so this study also drew on both to guide how the research is undertaken
(Mukumbang et al., 2023) (Table 3.3).
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Implications for realist evaluation

Contributions to the current research

Critic

al Realism

Stratified reality
(section 3.2.3.1)

Recognise the complexity of
multiple levels of causation:
individual level, organisational level,

social level etc.

Describe any observed events that happen
to smokers to promote smoking behaviour

change.

Embeddedness
(section 3.2.3.2)

Social phenomena are not isolated
or independent entities, but are

deeply rooted within a larger social,
economic, and historical context in

diverse subjects.

Description and explanation of outcomes
based on specific environmental contexts
e.g. When a Chinese smoker stop using
cigarettes for social interactions, it
demonstrates that they have developed the
awareness of the risks of smoking and the
drawbacks of cigarette gifting culture
(Chapter 2)

Open system
(section 3.2.3.3)

Recognise that the world is an open
system that is continually shaped
and influenced by external forces,
including social, cultural, economic,

and environmental factors.

1. Identify the relationships between
Contexts, Mechanisms, and Outcomes.

2. Different opinions from participants may
provide evidence for refinement of IPTs.

Scient

ific Realism

Semantic notion
(section 3.2.2)

Scientific theories should be
understood as providing true or
approximately true descriptions of
the independently existing world.

Starts from common sense and abductive
thinking to formulate IPTs (if...then

statements)

Epistemic
notion: ‘no

miracles’

Recognise that the best explanation
among a set of candidate
explanations is most likely to be

true.

Effective programme theory should have
explanatory power and predictive success
as they are more likely to be true or
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argument approximately true to provide a description

(section 3.2.2) of the real world

Table 3.3 Contributions of critical realism and scientific realism to this study

Having introduced the definitions of the three elements in programme theory and
how critical realism and scientific realism contribute to realist evaluation, it is
essential to outline the stages of realist evaluation research. Pawson and Tilley
(1997b) use the following figure to show the cyclic process of realist evaluation:

Contexts, Mechanisms,
Outcomes

Theory
Programme
specification Hypotheses
4 v
What might work for
What work for whom, whom, under what
under what circumstances, why?

circumstances, why?
Data collection and
analysis on C,M,0

\ 4
Multiple data sources

Figure 3.5 Realist evaluation cycle (Adapted from Pawson and Tilley (1997b))
As explained in section 3.3.3, realists aim to articulate programme theory to explain
how an intervention or programme works. This process often starts with formulating
IPTs (section 3.3.3.1), followed by testing these IPTs with different stakeholders. The
final stage involves realist data analysis and refinement of the IPTs, leading to the
development of refined programme theories, which proceeds by comparing the data
with initial CMOCs deductively and identifying new elements of programme theories

inductively (Jagosh et al., 2022).

The development of IPTs, including who could contribute data to its development
should be matched with the complexity of the programme or intervention and a
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mixture of inductive and deductive approaches (Funnell and Rogers, 2011). In the
next sections, | will explain the different stages of this study informed by realist
evaluation methodology, including methods chosen for data collection, data analysis

and interpretation.

3.4 Research stages

Before introducing the research stages, it is beneficial to emphasise the research
aim of this study again. This study aims to examine what aspects of smoking
cessation apps work for Chinese smokers, under what circumstances, and how.
Thus, realist evaluation was chosen as the methodology of this study based on its
ontological depth, enabling the exploration of the underlying mechanisms and
contextual factors that determine the success or failure of complex interventions,

such as smoking cessation apps.

This study is composed of three stages:
1. Formulating IPTs: Two systematic reviews and interviews with Chinese health
workers were undertaken to formulate IPTs. | will explain the contributions of
each review and the interviews to the formulation of IPTs in Section 3.4.1.

2. Testing IPTs: Interviews were conducted with Chinese smokers who have
used smoking cessation apps before. At this stage, each construct of initial
CMOCs were tested. The interview data informed the decision of whether to

accept, refine, or refute IPTs.

3. Refinement of IPTs to refined programme theories: Realist data analysis and
refinement of the IPTs led to the development of refined programme theories
by deductively comparing the data with initial CMOCs and inductively
identifying new elements of programme theories from interview data
(smokers). The refined programme theories offer explanations of what
aspects of smoking cessation apps work for whom (outcomes), under what

circumstances (contexts), and how (mechanisms).
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3.4.1 Stage one: Formulating IPTs

In section 3.3.3.1, various approaches to formulating IPTs were presented. In this
study, | conducted two systematic reviews and interviews with health workers to
identify different contexts, mechanisms, and outcomes, using abductive thinking to

formulate IPTs.

3.4.1.1 Qualitative systematic review (1t systematic review)

When evaluating smoking cessation apps, the primary stakeholders are the app
users, and their perspectives regarding apps form a significant part of the contexts in
which apps operate. Smokers’ experience of using smoking cessation apps can
serve as an indicator of how users interact with and perceive various app features
and characteristics, shedding light on the underlying mechanisms through which
these apps help smokers stop smoking. Therefore, a qualitative systematic review
was undertaken to explore contexts and mechanisms in smoking cessation apps
(Chapter 4). This review also summarised effective app features and characteristics
of smoking cessation apps in aiding smoking cessation and discussed potential

improvements in the design of these apps.

3.4.1.2 Systematic review of RCTs (2"? systematic review)

This second systematic review aimed to identify outcomes of using mHealth
interventions to stop smoking. Instead of only focusing on smoking cessation apps, it
provides a broader context, helping to understand what influences the effectiveness
of mHealth interventions in smoking cessation. While the first review focused on
smokers’ perspectives, revealing potential IPTs by examining their needs and
experiences, the second review enhanced the IPTs from the standpoint of the
effectiveness of mHealth interventions in smoking cessation. The findings were used
to complement the first qualitative systematic review to explain how mHealth

interventions in smoking cessation work in empirical evaluations.

3.4.1.3 Health workers interviews

Ensuring that any IPT formulated was relevant to the Chinese context was

necessary. In line with this, the last step of formulating IPTs was to conduct realist
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interviews with health workers who have regular interactions with smokers. Eligible
participants included health workers in respiratory departments in hospitals or
smoking cessation clinics. The reasons why they are regarded as key stakeholders
include: (1) they are keen to employ various interventions, including smoking
cessation apps to help smokers quit smoking; (2) they possess professional
knowledge and expertise in dealing with smoking-related issues and cessation
treatments; (3) they may have experienced smokers who have used smoking
cessation apps before so they may also be aware of comparisons between smoking
cessation apps and other smoking cessation interventions; (4) they can provide
information about the Chinese context-specific challenges and common barriers
among Chinese smokers. By including these stakeholders, this study was able to
identify contextual factors, including cultural and social factors, that influence the
success or failure of smoking cessation apps in China.

3.4.1.3.1 Recruitment of health workers

| contacted two hospitals (hospital A in an urban city and hospital B in a rural city)
and one smoking cessation clinic, which had cooperation with hospital A. The ethical
approval from Hospital B was obtained and submitted to the University of Edinburgh
ethics committee. Hospital A and the smoking cessation clinic did not require or have
any formal ethical procedures in place. Therefore, after consulting the academic
contact who introduced me to hospital A and the smoking cessation clinic (I will
reflect on this in Chapter 9), | was suggested to seek oral permission from the head
of the respiratory department at hospital A and the owner of the smoking cessation

clinic.

After ethical approval from the University of Edinburgh (Appendix 1) was obtained, a
recruitment poster was displayed at hospital A, hospital B, and the smoking
cessation clinic. Hospital A and the smoking cessation clinic are located in Wuhan,
and hospital B is situated in Huaibin. Wuhan is the largest provincial capital city in
the central region of China (Hubei Province Government, 2024), while Huaibin is a
small county town (Xinyang Bureau of Statistics, 2024). The goal of selecting two
hospitals in Wuhan and Huaibin was to gain insights from the perspectives of health

workers in both urban and rural areas in China. Information sheets (Appendix 2)
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were provided to potential participants, and they were encouraged to ask any
questions or express their concerns before deciding to participate. Once they
confirmed their participation, the consent form (Appendix 3) was provided and signed

in person before the interviews took place.

3.4.1.3.2 Semi-structured interviews with health workers

Six health workers were interviewed at this stage. Interviews with health workers
were conducted from September 2021 to March 2022 (including applying for ethical
approval from Chinese hospitals, asking for permission from gatekeepers,
recruitment, and conducting interviews). The duration of interviews ranged from 35 to

60 minutes.

Unstructured interviews and semi-structured interviews are common interview types
for qualitative researchers to gather rich data from interviewees (Brinkmann, 2014).
Unstructured interviews are more appropriate for researchers with limited knowledge
about the topic (Brinkmann, 2014). In addition, it is difficult for researchers to guide
the direction of interviews using an unstructured interview approach (Creswell and
Poth, 2018). Therefore, unstructured interviews were inappropriate for the current
study as the purpose of interviews with health workers was to gain their perspectives
on smoking cessation contexts and smoking cessation apps used in China. Adopting
semi-structured interviews was considered more appropriate in this study because it
enabled me to use the pre-designed interview guide to direct the interview process
(Brinkmann, 2014). In addition, adopting an interview guide allowed me to keep the
entire interview process focused more on core issues without straying too far off
track (Adams, 2015). Moreover, semi-structured interviews allow for flexible dialogue
between the interviewer and interviewee (Brinkmann, 2014). Despite having an
interview guide, the conversation is not limited to fixed questions, so it allows for
producing richer and more comprehensive insights (Creswell and Poth, 2018). The
interview guide (Appendix 4) for health workers was designed based on the findings
of the two systematic reviews and sent to supervisors for feedback. The interview
guide was then tried with another PhD student who had experience conducting

realist interviews to practice my interview skills and ask questions like a realist.
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A realist interviewing approach was employed (Manzano, 2016). The interviews
began with general questions, such as their experiences with treating smokers and
their perspectives on the possibility of mHealth in changing addictive behaviours.
Then, the interviews delved into more detailed and exploratory questions, such as
their perspectives and expectations regarding specific features of smoking cessation
apps. The interview guide used open-ended questions so interviewees could
propose their perspectives on the core questions, and it also allowed me to ask

follow-up questions to clarify their meanings further (Weller et al., 2018).

The “learner-teacher cycle” was adopted in realist interviews (Manzano, 2016).
Pawson (1996) advocates that theory-driven interviews should be a continuum that
follows the ‘learner-teacher cycle' approach. In other words, the researcher first
educates the interviewees about the theory constructs being tested, including
specific components of the programme, and the interviewees then provide their
comments and opinions regarding the provided theories and the identified
constructs. During realist interviews, teacher and learner roles became
interchangeable between the interviewer and the interviewee. While qualitative
researchers use structured, semi-structured or unstructured interviews to explore
concepts (Weiss, 1995, Warren, 2002), realist researchers tend to ask for
propositions (Pawson, 1996). For example, when asking about the relationship
between user engagement on apps and smoking cessation outcomes, qualitative
researchers may ask, ‘Do you think engaging more on apps could enhance smoking
cessation motivation and why?’ However, a realist researcher may ask, ‘Some
smokers think a higher engagement level of smoking cessation apps means they are
focusing on smoking cessation, and this high engagement level can lead to a higher
success level. What is your thought on it?’.

The interviews with health workers were conducted in person in the respiratory
departments of the hospitals (the health worker from the smoking cessation clinic
was also invited to the respiratory department of hospital A). The head of the
respiratory department provided us with an office to conduct interviews. Adhere to
the ethical application, an encrypted recorder was used to record interviews. Audio
files of interviews, interview transcripts and any files containing information about

them were stored securely on the University’s OneDrive. This folder was password-
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protected, and only | could access it. All interviews were transcribed verbatim by me.
Once transcription was finished, audio files were deleted permanently.

3.4.1.3.3 Data analysis of interviews with health workers

Thematic analysis was employed to analyse the interview data (Braun et al., 2019).
One of the benefits of thematic analysis is its flexibility since it is independent of
theory and epistemology (Braun and Clarke, 2019). When exploring the literature,
three approaches of thematic analysis were identified: code reliability, codebook, and
reflexive (Boyatzis, 1998, Braun et al., 2019). Code reliability prioritises the
measurement of coding reliability through the use of structured and fixed codebooks.
Codebook approaches, such as framework analysis (Gale et al., 2013), also use
fixed codebooks, but they emphasise qualitative research values rather than
counting the numbers that codes emerge. The reflective thematic analysis has
flexible coding processes without using codebooks (Braun and Clarke, 2019).
Individual codes can evolve or change the boundary during the coding process and
can be split into several codes (Braun and Clarke, 2013).

Codebook thematic analysis uses a structured codebook but has the qualitative
underlying philosophy of reflexive thematic analysis (Braun et al., 2019). Compared
with the code reliability approach, it has more flexibility because themes can shift
and change and be developed through the coding process. In addition, | had
expected that a list of initial deductive codes would be identified from the findings of
systematic reviews (for health workers' interview data) and IPTs (for smokers’
interview data). Therefore, the codebook thematic analysis approach was chosen to
analyse the qualitative interview data. Figure 3.6 presents the detailed data analysis
process at this stage.
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Inductive coding example

Transcript: “Some chat
contents in the social forums
within the app were not very
positive. | think the
atmosphere of the chat room
needs to be managed.
Quitting smoking is a positive
thing, and if there is a lot of
negative or irrelevant content
in the social forum, it will
definitely affect quitting
smoking."

Initial code: Social forums need
better management

Refined code: Disengagement
with social functions

| Step 1 - All recordings were listened carefully and transcribed |

I Step 2 - All transcripts were read thoroughly until getting

¥

_ | Step 3 — Using inductive and deductive approaches to

=

| Step 4 —The codebook was applied to all transcripts

Step 5 — Developing analytical themes based on the inter-
relationships of codes

* 3

Step 6 — Reviewing potential themes and checking whether
the themes accurately convey the relevant information in the

E 2

I Step 7 — Define and name themes appropriately

Deductive coding example

Apply predefined code to data:
Motivation to stop smoking

Transcript: “/ feel that quitting
smoking is not something |
want to do without any
reasons. | think it should be
active action out of some
motivations. ..l believed that
smoking has no benefits for
me, and it harmed my health.
This was why | wanted to
quit.”

I Step 8 —Write report and interpret analytical themes

Figure 3.6 Thematic analysis process Adapted from Nowell et al. (2017)

To avoid redundant descriptions, the step-by-step analysis of interview data will be

presented in Section 3.4.3, together with the analysis of interviews with smokers.

3.4.2 Stage two: Testing IPTs

The second stage of this study is to test the formulated IPTs through semi-structured
interviews with Chinese smoking cessation app users because their experience and
perspective of using apps were deemed crucial in terms of providing valuable causal
insights into how these apps bring about changes to assist them to stop smoking
(Pawson and Tilley, 1997b).

3.4.2.1 Recruitment of smokers

To be eligible for this study, the recruited Chinese smokers must have the
experience of using smoking cessation apps. The advertisement poster, which
elucidated research details, including aims, eligibility criteria, and contact
information, was posted on Chinese main social media platforms. Interested
smokers who contacted me were sent the electronic information sheet (Appendix 5)
in the Chinese version to ensure they clearly understood their rights and obligations
before deciding whether to participate in the study. Before they made the decision to
participate, | also allowed them to ask any questions or express their concerns.
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Those who agreed to participate were then sent an electronic consent form
(Appendix 6) and asked to sign it to confirm participation. Since participants came
from different regions of China and Covid-19 restrictions were in place at that time,
all interviews with smokers were conducted online through phone calls via WeChat
(the main social media platform in mainland China). The interview data and time
were scheduled once they returned the electronic consent forms.

Interviews and recruitment were conducted concurrently (Morse, 1995). In traditional
qualitative inquiry, it is often recommended to have a smaller sample size compared
with quantitative studies, although the specific number cannot be predetermined
(Morse, 1995). During this phase, interviews typically continued until all constructs of
IPTs were tested and no new insights emerged from them (Fusch and Ness, 2015).
Overall, 24 Chinese smokers were recruited and interviewed for the testing stage.

3.4.2.2 Semi-structured interviews with smokers

Interviews with smokers were conducted from May 2022 to January 2023 (including
recruitment and interviews). The duration of the interviews ranged from 40 to 80
minutes. The realist interviewing approach was employed for interviews with
smokers (Section 3.4.1.3.2).

The interview guide was designed based on the initial CMOCs (Chapter 6)
(Manzano, 2016). When starting realist interviews, some general questions about
interviewees’ overall views on the intervention and their experiences should be
asked first. Then, follow-up questions about specific experiences or issues related to
the intervention could be asked based on their responses. This helps to understand
the interviewees' genuine perspectives and facilitates a deeper discussion on how
the intervention helps them achieve the intended outcomes (Seidman, 2006).
Therefore, before asking them the constructs of initial CMOCs, some introductory
questions, such as ‘When did you start smoking and why did you start smoking?’,
‘Could you tell me the overall impression of the smoking cessation app you are using
now?’ The logic was shown in the interview guide to guarantee that the interview

questions covered all IPTs. The interview guide for smokers is shown in Appendix 7.
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Similar to interviews with health workers, audio recordings of smokers’ interviews
were made using an encrypted recorder and stored in the password-protected
OneDrive. Once transcription was finished, the audio files were deleted permanently.

3.4.3 Step-by-step analysis of interview data (health workers and smoker interviews)

The rationale for choosing codebook thematic analysis to analyse interview data is
explained in Section 3.4.1.3.2. The data analysis process is presented in Figure 3.6.
| used NVivo to assist with the data analysis process (QSR International, 2018).
NVivo is a software that helps researchers analyse and manage qualitative data,
such as interview transcripts. NVivo allows me to iteratively review existing codes,
combine them into themes, or split them into subthemes. Notably, the coding
process was conducted based on the original Chinese transcripts. This was to avoid
a lack of comprehensive understanding or misinterpretation of the interviewees'

genuine meanings (Temple and Young, 2004, Squires, 2009).
3.4.3.1 Get familiar with the interview data (steps 1 and 2)

Steps 1 and 2 involve getting familiarised with the interview data. As shown in Figure
3.6, | listened to all recordings carefully and transcribed them verbatim to familiarise
myself with and understand the discussed issues before they were analysed. Then,
all transcripts were imported to NVivo as separate files. Before starting to develop

the codebook, | read all transcripts thoroughly to familiarise myself with them.

3.4.3.2 Development and application of codebook (steps 3 and 4)

Braun and Clarke (2006) described that the coding process in thematic analysis can
be deductive and inductive. Inductive coding is data-driven, which means themes
come from the data itself (Braun et al., 2019). On the other hand, deductive coding is
driven by pre-existing theories and research questions (Braun et al., 2019).

For interviews with health workers, deductive codes were generated from the
findings of two systematic reviews (Chapters 4 and 5). Inductive codes were
identified from the interview data. For interviews with smokers, the deductive codes
came from initial CMOCs (Chapter 6), while inductive codes were also identified from
the interview data.
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To ensure the development of a high-quality codebook, the codebook development
process (health worker interviews and smoker interviews) began with coding two
transcripts together with another PhD student from the School of Health in Social
Science and checking consistency. | translated the selected two transcripts into
English before sending them to the co-coders. After coding the selected two
transcripts separately, the results were compared to ensure that all codes conveyed

an accurate meaning and that no important information was missed.

Notably, when developing the codebook for smoker interviews, all HCl-related data,
such as usability and user experience, were sent to another PhD student from the
School of Informatics to build the HCl-related codebook before the codebook was
applied to all transcripts. The reason why this step was not applied when developing
the codebook for health worker interviews was that the recruited health workers were
not necessarily to be smoking cessation app users, so limited information on
usability and user experience was found in these transcripts. The recruited health
workers mainly talked about their perspectives on the challenges and barriers for
Chinese smokers to stop smoking and their expectations of app features and
characteristics.

After completing the coding for the selected two interview transcripts, the English
transcripts and the codebook were sent to supervisors for review. Any inaccurate or
ambiguous codes were discussed and resolved at the supervision meeting. The final
version of the codebook was then applied to the remaining transcripts.

3.4.3.3 Developing analytical themes (steps 5 and 6)

After applying the codebook to all transcripts, initial codes were then categorised into
analytical themes based on their inter-relationships. Then, in step 6, all analytical
themes developed in step 5 were reviewed and checked for accuracy through
original transcripts. Notably, steps 5 and 6 are iterative, meaning the identified
themes in step 5 were returned to the original transcripts to check if they accurately
convey the interviewees' meanings. This process was repeated until all themes
clearly and accurately summarised the original content. Table 3.4 shows an example
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of how the coding process progressed and how the interrelated codes were

categorised together to form themes.

Theme Subtheme | Original transcripts Initial codes
Motivation | Intrinsic MZ: Some smokers prefer to receive positive
for motivation | information in apps, such as the benefits of smoking
smoking cessation or the progress of smoking cessation, rather
cessation than negative information. What is your opinion on it?
Interviewee 02 (smoker): No matter how terrifying the fear of losing the
consequences of smoking are, they can't compare to the | accompany of
terror of being without cigarettes during moments of cigarettes
craving. That's why it's important to discuss the benefits
of quitting smoking... | derive a lot of happiness and joy | lack of motivation to
from smoking. Why quit smoking? | have not stop smoking
Extrinsic | MZ: Some smokers mentioned that the daily check-in
motivation | function can motivate them to keep abstinent. Do you

have this feeling? Could you share your own experience

of using this function?

Interviewee 13 (smoker): / find this function useful
because, as the number of smoke-free days increases, |
feel my efforts are paying off. Seeing the days add up,
my health index improving, and the financial saving,
really motivates me. Another motivating aspect of the

app is the military rank system it employs. /AS time

feel smoking cessation
efforts paid off
viewing the progress of

smoking cessation can

be motivating




Table 3.4 Example of the coding process and developing analytical themes

3.4.3.4 Naming, interpreting, and presenting themes (steps 7 and 8)

All themes were named and defined appropriately and presented in Chapters 6
(health worker interviews) and Chapter 7 (smoker interviews). Screenshots of
exported themes from NVivo were presented in Appendix 8 (health worker

interviews) and 9 (smoker interviews).

Codes and themes were named in English, and all extracted quotes in this thesis
were translated into English. Themes identified from health worker interviews were
used to identify additional contexts, mechanisms, and outcomes that were not
identified in two systematic reviews. Four IPTs were formulated by combining the
findings of two systematic reviews and health worker interviews (Chapter 6).

Data analysis of smoker interviews is the way to interrogate the IPTs with data and
understand data patterns using theories (Wong et al., 2017). Overall, the data

analysis approach in realist evaluation should be retroductive, which moves between

inductive and deductive processes (Wong et al., 2017). The analytical themes of
smoker interviews (Chapter 7) were used to explain the aspects of identified
programme theories and provide a detailed explanation of how different intended
and unintended outcomes were produced by the interplay of contexts and
mechanisms (Gibbs et al., 2022, Graham et al., 2023, Hoens et al., 2022). This
stage involved comparing the findings with the CMOCs from the IPTs deductively
and identifying new theories inductively (Yin, 2009). The inductive data analysis
uncovered additional contexts, mechanisms, and outcomes not identified in initial
CMOCs. This process resulted in eleven CMOCs (Chapter 8).

3.4.4 Stage three: Refinement of programme theories

The final stage of this study was to refine the programme theories based on the
interview data and to provide a plausible explanation of how specific contexts and
mechanisms interact to produce different intended and unintended outcomes in
smoking cessation apps for Chinese smokers. The process of IPT refinement
progressed through the iterative cycles between refined CMOCs and original
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transcripts to check the accuracy and the causal relationship. The refined
programme theories using CMOCs will be presented in Chapter 8.

The refined programme theories provided insights into how to improve smoking
cessation apps by explaining what works for whom (outcomes), under what
circumstances (contexts), and how (mechanisms). Specifically, the refined
programme theories provided a detailed explanation of important contextual factors
for the success of smoking cessation apps, enabling and disenabling mechanisms,
and intended and unintended outcomes. Based on the refined programme theories,
this evaluation set out implications for practice, including health practitioners and app
developers, for research and policy (Chapter 9).

3.5 Ethical considerations

The ethical approval (Appendix 1) and a sponsorship letter (Appendix 10) for this
study were granted by the University of Edinburgh. The ethical approval issued by
the School of Health in Social Science at the University of Edinburgh covered all
research details, including recruitment approaches, data collection and protection
methods. Three main ethical issues were important for the empirical study: (1)
respect for participants, for example, privacy and consent; (2) beneficence and non-
maleficence; and (3) guarantee each participant is treated equally (Beauchamp,
2003, Creswell and Poth, 2018).

3.5.1 Respect for human Autonomy and privacy

Information sheets (Appendix 2,5) for health workers and smokers, which contain
research aims, methods, how the data will be stored and used, and potential benefits
or risks, were designed and sent to potential participants before they confirmed
participation. To confirm their participation in this study, participants should have
been informed about the research details, including aims and procedures, the
reasons for their eligibility, what information will be collected from them, and how
their information will be stored and used. Once participants understood their rights

and obligations, they were given the consent form to sign (Appendix 3,6).
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It was guaranteed that there would be no coercion during the research. Potential
participants could decide whether to participate in the study and were informed that
they could decide to end their participation at any time without giving reasons. In this
study, all participants who signed the consent form attended the interview. The
contact information was presented in the recruitment posters and information sheets,
which meant potential participants could ask questions or express their concerns
before participating.

Confidentiality was considered during data collection and analysis. An encrypted
recorder was used to record online interviews (phone calls via WeChat). WeChat is
one of mainland China’s most popular social tools for instant text and voice
messaging communication (Wu, 2014). Although it was explicitly stated in the
information sheets that the interviews would be recorded, | reminded participants
about this before each interview started. The interview transcripts were stored
securely in the University’s OneDrive. This was password protected, and only | could
access materials in it. Any identifiable information, such as names, was anonymised
or replaced using numbers during data analysis. For example, all participants were
assigned a number, and only the numbers would be presented in this thesis, such as
Health Worker 01.

3.5.2 Beneficence and non-maleficence

| tried to maximise the benefits and minimise the risks and hazards to the
participants. All potential benefits, risks, and harms were presented in the
information sheets. Participants decided whether to participate based on their
assessment of the balance of benefits and harms. One potential risk for smoker
interviewees is being labelled as “smokers” or “ex-smokers” (Tudor-Sfetea et al.,
2018). Another potential risk for smokers would be emotional stress during
interviews because the interview topic might remind them of past smoking cessation

experiences, especially for smokers who had failed attempts before.

3.5.3 Justice

Throughout the research process, all participants were treated fairly, and their
contributions to the research were acknowledged in the Acknowledgement in this
thesis.
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3.6 Summary

This Chapter outlines the methodology and research stages, beginning with an
introduction to the philosophical aspects underpinning the study. This includes a
discussion on realism and key tenets of critical realism and scientific realism. Then |
distinguish realist evaluation from other evaluation types by exploring generative
causation, theory-driven evaluation, and programme theory, with a focus on
constructs in programme theory, including contexts, mechanisms, and outcomes.
Subsequently, the three stages of this study are detailed, including the process of
formulating, testing, and refining programme theories. Lastly, the chapter presents
how ethical issues were considered, such as respect for autonomy and privacy,
beneficence and non-maleficence, and justice. In the next chapter, | will present the

qualitative systematic review, which is the first step in formulating IPTs.
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CHAPTER FOUR: A qualitative systematic review of user
needs and user experience of smoking cessation apps

4.1 Introduction

This chapter presents the first systematic review published in the International
Journal of Medical Informatics in 2023, which is formatted according to the
university's guideline for including published articles in a PhD thesis. The content
and structure (including table and figure names) of the published paper have
remained unchanged. Only an introduction and conclusion paragraphs have been
added to clarify the contribution of this published systematic review within the entire

thesis.

Before presenting this published systematic review, | hereby confirm that all review
authors, Maria Wolters (MW), Siobhan O'Connor (SO), Yajing Wang (YW), Lawrence
Doi (LD), and myself (MZ) retain the copyright of the article. The full publication is
attached in Appendix 11 and can be freely accessed through
https://www.sciencedirect.com/science/article/pii/S1386505623000874. | took the
lead in writing the entire paper manuscript. Other authors (MW, SO, LD) contributed

to providing suggestions on addressing reviewers’ comments.

As outlined in Chapter 3, this realist evaluation was composed of three stages:
formulating IPTs, testing IPTs, and refinement of IPTs to the refined programme
theories. The first step in stage one to formulate IPTs is to conduct this first
qualitative systematic review. It identified user needs and user experience on
common app features and characteristics, which often acted as contexts, resource

mechanisms, and reasoning mechanisms in smoking cessation apps.

4.2 Published paper manuscript

1. Introduction

Tobacco use is addictive, and it is a major risk factor for respiratory diseases, heart
conditions and over twenty types or subtypes of cancer (WHO, 2021). In addition,
tobacco use causes more than eight million deaths globally each year due to the

mixture of chemicals that damage lung tissue when inhaled (WHO, 2021).
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With the growth of mHealth, in particular during the Covid-19 pandemic, mobile apps
have been increasingly adopted as an aid to smoking cessation (EI-Toukhy, 2021,
Algahtani et al., 2021). Smoking cessation apps do not rely on chemical agents that
might interact with other medications or cause physical side effects. Apps can be
accessed anytime and anywhere, as long as the user has their phone with them, and
can potentially be personalised based on smokers’ preferences and needs (Struik et
al., 2019, Paay et al., 2014). Apps can be used for short interactions with
counsellors, if needed (Paay et al., 2015c), provide just-in-time support when
smokers need it (Naughton, 2017, Schick et al., 2018), or be integrated with face-to-
face counselling (Barroso-Hurtado et al., 2021).

Several literature reviews have examined aspects of mobile smoking cessation
interventions (Whittaker et al., 2010, Whittaker et al., 2016, Ghorai et al., 2014,
Haskins et al., 2017, Thornton et al., 2017, Barroso-Hurtado et al., 2021).

Ghorai et al. (2014) reviewed mHealth intervention designs for smoking cessation.
All 15 studies were randomised controlled trials conducted in developed countries.
Nine studies used self-reported smoking cessation measures and six used
biochemical validations such as determination of salivary cotinine level. Most
mHealth services in this review only used short message systems (SMS) and
multimedia-based messaging to send reminders, and provided additional
functionality such as motivational messages, social contacts, and peer support.
While these are simpler interventions than smartphone apps, apps often cover
similar functionality. Ghorai et al. (2014) noted that none of those studies reported on
user acceptance tests.

A Cochrane review which included any smoking cessation interventions aimed at
mobile phone users (Whittaker et al., 2010, Whittaker et al., 2016) also found
evidence of potentially positive effects, although there was significant unexplained
heterogeneity. Again, the interventions were predominantly text messaging-based,
and all included studies were conducted in high-income countries with good tobacco
control policies.
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In a recent systematic review of the effectiveness of mHealth for smoking cessation,
Barroso-Hurtado et al. (2021) identified 24 studies, only 6 of which were of high
methodological quality. Nine apps were designed to be used by smokers
themselves, while fifteen supported face to face interventions. Overall, apps were at
least as successful as control interventions, but outcomes varied. One reason for this

might be the varying quality of smoking cessation apps.

Thornton et al. (2017) investigated the quality of 112 apps using two criteria:
adherence to the Australian smoking cessation treatment guidelines (Zwar et al.,
2011) and overall quality as rated using the Mobile App Rating Scale (Stoyanov et
al., 2015), which consists of 23 items in five categories: aesthetics, engagement,
functionality, information, and subjective quality. Among the 112 apps, only six were
high-quality and partly adhered to the guidelines and these were more likely to help

people stop smoking.

Haskins et al. (2017) examined how many of the top commercially available apps for
smoking cessation were supported by the published scientific literature and how
many scientific apps were available to smokers. They reported customers found it
difficult to access smoking cessation apps which were scientifically supported, and
among the six high-quality apps identified in the review, only three were accessible

to customers.

None of the existing reviews focus on the user experience of smoking apps, even
though the uptake of and adherence to app-based interventions is substantially
affected by the user experience. Existing reviews focus on quantitative data, not on
qualitative views and perspectives while qualitative views and perspectives are
essential in providing a rich and nuanced understanding of users’ motivations,
experiences, beliefs, opinions etc. in using smoking cessation apps. For example,
users may expect different features, which may not be captured by quantitative data
on usage patterns. Furthermore, qualitative data provide valuable insights into how
users perceive and engage with apps and can inform the design and development of
better software interfaces and more useful functional features. Finally, qualitative
data highlights the social and cultural contexts in which smoking cessation apps are

used, such as commonly held views on smoking and its addictiveness.
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Following ISO 9241-210:2019, we define user experience as “a person’s perceptions
and responses resulting from the use and/or anticipated use of a product, system, or
service” (ISO, 2019). The aim of this review is to synthesise what is known about
qualitative aspects of smokers’ user experience of smoking cessation apps, leading
to the research question: What are relevant perspectives, views, beliefs, attitudes,
opinions, or experiences that smokers have regarding smoking cessation apps? For
the purpose of this review, we focused on smokers’ experience of smoking cessation
apps themselves, not on their attitudes to and reasons for smoking and smoking
cessation. While underlying attitudes or motivations for smoking are highly relevant
for smoking cessation, this is beyond the scope of this study, which focuses on

mobile tools for quitting smoking.

Together with relevant behaviour change theories, findings can be used for the
development of programme theories of smoking cessation apps and inform the

design of new, evidence-based apps.

2. Methods

2.1 Search strategy

CINAHL PLUS, MEDLINE, PsycINFO, EMBASE, IEEE Xplore, and the ACM digital
library were searched for relevant studies using the search terms summarised in
Table 1. The search strategy was discussed and agreed amongst the research team
(MZ, LD, MW, SO). There was no restriction of publication year or language. Study
subjects were restricted to humans in EMBASE and MEDLINE. Since content in
IEEE Xplore and the ACM Digital is highly likely to be mHealth or eHealth related,
queries were simplified to focus on smoking cessation apps. We excluded specific
user experience or usability related terms since this is rarely signposted in title,
abstract, or keywords. The term “smokers’ views on smoking cessation apps” was

used in Google Scholar to identify additional papers (n=2).

Database Search terms

72



CINAHL PLUS

(MH "smoking cessation") OR (“smoking cessation" OR "quit* smoking"
OR "stop* smoking" OR "cease* smoking" OR "tobacco use cessation"
OR "quit* tobacco use" OR "stop* tobacco use" OR "antismok*" OR
"cigarette reduction" OR "smoking reduction" OR "reduced tobacco
consumption”).mp.

(MH "telehealth") OR ("mobile health" or "m health" OR mhealth OR
"mobile app* OR smartphone* OR smart phone* OR mobile app* OR
cell phone* OR handheld* OR “mobile device*" OR ipad OR iphone OR
android OR iOS OR blackberry OR "telemedicine").mp.

(perspect* OR belief* OR attitude* OR view* OR opinion* OR experien*
OR behavio* OR expect* OR knowledge).mp.

MEDLINE

("smoking cessation" OR "quit* smoking" OR "stop* smoking" OR
"cease* smoking" OR "tobacco use cessation" OR "quit* tobacco use"
OR "stop* tobacco use" OR "antismok*" OR "cigarette reduction" OR
"smoking reduction" OR "reduced tobacco consumption”).mp. OR exp
smoking cessation OR exp smoking reduction OR exp tobacco use
cessation

("mobile health" or "m health" OR mhealth OR "mobile app* OR
smartphone* OR smart phone* OR mobile app* OR cell phone* OR
handheld* OR “mobile device* OR ipad OR iphone OR android OR iOS
OR blackberry OR "telemedicine").mp. OR exp mobile applications OR
exp telemedicine OR exp smartphone OR exp software OR exp internet
OR exp cell phone OR exp computers, handheld

(perspect* OR belief* OR attitude* OR view* OR opinion* OR experien*
OR behavio* OR expect* OR knowledge).mp.

PsycINFO

(“smoking cessation" OR "quit* smoking" OR "stop* smoking" OR
"cease* smoking" OR "tobacco use cessation" OR "quit* tobacco use"
OR "stop* tobacco use" OR "antismok*" OR "cigarette reduction" OR
"smoking reduction" OR "reduced tobacco consumption”).mp. OR exp
smoking cessation OR exp nicotine withdrawal

("mobile health" or "m health" OR mhealth OR "mobile app* OR
smartphone* OR smart phone* OR mobile app* OR cell phone* OR
handheld* OR “mobile device* OR ipad OR iphone OR android OR iOS
OR blackberry OR "telemedicine").mp. OR exp mobile applications OR

exp telemedicine OR exp smartphones OR exp computer softwares OR
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exp internet OR exp mobile devices OR exp tablet computers OR exp

mobile phones

perspect* OR belief* OR attitude* OR view* OR opinion* OR experien*
OR behavio* OR expect* OR knowledge

EMBASE (“smoking cessation" OR "quit* smoking" OR "stop* smoking" OR

"cease* smoking" OR "tobacco use cessation" OR "quit* tobacco use"

OR "stop* tobacco use" OR "antismok*" OR "cigarette reduction" OR
"smoking reduction" OR "reduced tobacco consumption”).mp. OR exp
smoking cessation OR exp smoking reduction OR exp smoking
cessation program
("mobile health" or "m health" OR mhealth OR "mobile app* OR
smartphone* OR smart phone* OR mobile app* OR cell phone* OR
handheld* OR “mobile device* OR ipad OR iphone OR android OR iOS
OR blackberry OR "telemedicine").mp. OR exp mobile application OR
exp telemedicine OR exp mobile phone OR exp telehealth OR exp tele
nursing OR exp mobile health application OR exp smartphone OR exp
software OR exp internet
perspect* OR belief* OR attitude* OR view* OR opinion* OR experien*
OR behavio* OR expect* OR knowledge

ACM digital smok* OR vape* OR e-cigarettes

library stop* OR quit* OR cessation OR behave*

IEEE Xplore (stop* OR quit* OR cessation OR anti-vaping OR behavior*) AND
(smok* OR vape* OR "e-cigarettes") AND (mHealth OR ehealth OR
smart OR *health* OR app)

Table 1: Search terms used within electronic databases

2.2 Inclusion and Exclusion criteria

Inclusion and exclusion criteria using the Population, Intervention, Comparison,
Outcome (PICO) framework (Scells et al., 2017) are provided in Table 2.

PICO
domain Inclusion criteria Exclusion criteria
Population  Adult smokers 18 years old and Adolescent smokers aged below 18

above years old
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Intervention

Any smoking cessation app

Interventions were not mobile apps,
such as web-based programmes,
text-messaging programmes,
telephone counseling, quitlines,
mini-programmes based on a social
network, or mobile phones are used
as an adjunct to other interventions,

such as face-to-face programmes.

Comparison N/A

N/A

Outcome Perspectives, beliefs, attitudes,
views, opinions, knowledge,
experiences, behaviours or
expectations of using apps in

smoking cessation

Outcome was not smoking
cessation or relapse prevention;
paper did not provide any qualitative

results

Table 2: Inclusion and Exclusion criteria
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Identification of studies via databases and registers

o
§ Records removed before
§ Records identified from*: screening:
[ Databases (n = 12272) Duplicate records removed
= =
= (n=8029)
2

A4

Records screened

Irrelevant after title and abstract

(Cammy
(n =4243) screening (n = 4189)
=)
% Records left for full-text Reports excluded (n= 28):
3 screening (n = 54) No qualitative component
5 (n=17)
L2 No app (n=8)
No full-text (n = 3)
Eligible studies (n = 26) e | Hand search using Google
scholar (n= 2)
° Studies included in review
3 (n=28)
E

Figure 1: PRISMA flowchart of the screening process

2.3 Study selection

Study selection was conducted individually by two reviewers (MZ and YW).
Covidence (Covidence, 2021) was used to screen titles, abstracts and full texts. Two
reviewers (MZ and YW) separately screened titles and abstracts and resolved any
conflicts through discussion. During the independent full-text screening, both
reviewers used Covidence to note reasons for exclusion. Conflicts regarding
eligibility or exclusion reasons were resolved through discussion, with LD and MW
providing advice. The study selection process is summarised in Figure 1. There were
12272 papers identified through database searching, leaving 4243 papers after
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removing duplicates. 54 papers were included in the full text review. 28 studies were
excluded: 17/28 (61%) contains no qualitative components; 3/28 (11%) had no full-
text online; 8/28 (29%) did not refer to smoking cessation apps. Hand search in
Google Scholar resulted in two additional papers. Enhancing transparency in
reporting the synthesis of qualitative research (ENTREQ) was followed to report this
qualitative systematic review (Tong et al., 2012).

2.4 Data Extraction and Analysis

Data extraction was conducted by MZ using a custom Excel extraction form, which
covered study characteristics and findings. The extraction was independently
checked by LD and MW for consistency. The findings were summarised using
keywords or short sentences taken from the qualitative analysis and loosely grouped
into categories: Users wanted, for features that were desired, but not available,
Users liked, for features that users were positive about, and Users disliked, for
features that users were negative about. The findings were synthesised using
inductive content analysis to identify themes across studies. The framing of the
content analysis was developer-centric in that we focused on patterns related to
properties of apps. During the synthesis process, we used this lens to repeatedly
read through the included studies until no new patterns emerged and saturation was
reached (Krippendorff, 2019). The resulting patterns were mapped onto main themes
and subthemes. QSR NVivo was utilised to facilitate coding. Once the themes had
been identified, quotes from the source papers were used to examine themes in

more detail.

3. Results

3.1 Study characteristics

There were 28 studies included in this review. All included studies were conducted in

high-income countries, with seven in the United Kingdom, six in the USA, four in
Denmark and Australia, three in Canada, and one each in Finland, Spain, the
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Netherlands, and Romania. Although we did not set any publication year limitations
all included studies were conducted between 2014 and 2022.

Nearly all studies focused on a specific smoking cessation app in the study, except
for Gowarty et al. (2020), who explored the overall attitudes toward smoking
cessation apps and preferences regarding app design, and Bendotti et al. (2022),
who examined app reviews in app stores. Among the included studies, 15/28
targeted general adult smokers, 5/28 targeted smokers with mental health

conditions, 3/28 targeted young smokers; 2/28 targeted women smokers; 1/28

targeted at lower socio-economic status (SES) smokers, and 1/28 targeted smokers

who are taking psychiatric medication. Since Bendotti et al. (2022) explored app
reviews, no targeted participants were identified in this study. In terms of apps,
Crush the Crave were evaluated in three studies; QuitGuide and QuittyLink were
evaluated in two studies; and all other apps were only evaluated in one study. The
majority of the studies included in this review focused on research-based apps or
apps developed specifically for research that employed evidence-based strategies
validated through rigorous research and testing conducted by authors or reputable
research institutions. However, there were three studies that investigated apps

sourced from app stores (Bendotti et al., 2022, El-Hilly et al., 2016, Wu et al., 2017),
one examined a commercial app (Paay et al., 2015b), and one study did not explore

a specific app (Gowarty et al., 2020).
The details of included papers are shown in Table 3.
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No

1

2

3

Author / Year / Country

Armin et al. (2017)/ USA

Baskerville et al.
(2018a)/ Canada

Bendotti et al. (2022)/
Australia

Research aim /
Setting / Quality
Aim: To gain users'
opinions to refine
app content.
Setting: Not
reported.

Aim: To describe
the process of
developing Crush
the Crave (CTC)
and to evaluate the
effectiveness of this
app.

Setting: Not
reported.

Aim: To explore the
opinions and
experiences of
Android and Apple
mCessation app

Methods

Design: Qualitative
descriptive design.

Data collection: Focus

group, Questionnaire,
User testing.

Data analysis: An
inductive approach to
analysis.

Design: Five iterative

cycles: listen, plan, do,
act, and study using a

STAR model.

Data collection: Focus

group.

Data analysis: Thematic

framework.

Design: Mixed methods
approach by collecting
(1) qualitative data via a
targeted search strategy
to identify user reviews;

Population

Adult female
smokers who
are
interested in
quitting
(N=15).

Adult
smokers
(N=57), 31
males, 26
females.

N/A

Smoking Cessation  Research-
app and sources based apps
See me Smoke Free YES

Sources:
Investigators used
qualitative methods
guided by a
theoretical
framework which
considers the
interrelationships
between multiple
psychosocial
mediators of
smoking cessation ,
and evidence-based
guidelines to
develop and refine
the app.

Crush the Crave YES
Sources: The design

of this app was
underpinned by the

US Clinical Practice
Guidelines for

quitting smoking and
principles of

persuasive

technology for

behaviour change

NO (Apps in
Google Play
and Apple
Store)

Forty-eight versions
of 42 apps met
eligibility criteria.

Sources: N/A

Findings (qualitative)

Users wanted the app: 1. Had lengthier audio
files: bring attention to positive and allow more
time to evoke the described images; 2. Adding
background music; 3. Reinforced women’s
confidence in quitting; 4. Highlighted the
rewards of quitting; 5. Adding imagery files; 6.
Clarify the relationship between smoking
cessation, good diet, and improved physical
activity: Participants suggested we emphasize
how the physical benefits of individual
behaviour changes will affect other behaviours;
7. More clearly recognized the struggle
involved in quitting; 8. Celebrate the
accomplishment.

Users liked the app: 1. “money-saved”
counter would motivate them to continue a
smoke-free lifestyle; 2. Seeing their cigarette
cravings change from high to low on the
tracking graph can make potential pleasure.
Users wanted the app to cover: 1. Positive
reinforcement, such as encouragement and
rewards; 2. Personalisation; 3. Social support:
social networking, networking with other app
users, quit buddies; 4. Quit support: distraction,
immediate support, flexible quit approach; 5.
Tracking the behaviour: identifying triggers and
frequency; 6. Tracking quit benefits: money
saved and health benefits.

Users liked the app: 1. Enabling users to set
goals, track progress and smoking habits; 2.
Containing health information; 3. Sending
reminders of their progress; 4. Enabling users
to personalise their plans; 5. Providing app
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4

El-Hilly et al. (2016) / UK

Edwards et al. (2018)/
UK

users via qualitative
analysis of
unsolicited
consumer reviews
to (1) determine key
design factors and
features which
positively and
negatively influence
user experience; (2)
identify user needs,
experiences, and
expectations of
apps, including
suggested
improvements; and
(3) outline
recommendation for
designing effective
mCessation apps.
Setting: Not
reported.

Aim: To investigate
how the
gamification of
mHealth
interventions leads
to a change in
health behaviours,
especially smoking
behaviour.
Setting: Not
reported.

Aim: To present a
series of steps
undertaken during
the development of
Cigbreak, a

(2) quantitative data via
MARS and user star
ratings to determine
mean objective and
subjective ratings of app
quality.

Data collection: A web-
crawler source code to
identify mCessation apps
and collect their
associated reviews from
the Google Play store
(Android) and the App
Store (Apple)

Data analysis: Thematic
analysis

Design: A qualitative
longitudinal study.

Data collection: Semi-
structured interviews.
Data analysis: 6-phase
analytic framework.

Design: 7-stage design.
Data collection: Focus
group.

Data analysis: Thematic
analysis.

Adult
smokers
(N=16), 11
males, 5
females.

Adult
smokers
(N=73), 34
males and 39
females.

Puff away /
Kwit 2

Sources: N/A

Cigbreak

Sources: A group of
clinicians,
researchers, and

NO
(Downloaded
from App
Stores)

YES

communities or message boards to enhance
support; 6. Can interact with other social media

apps.

Users wanted the app: 1. Personalisation; 2.
Functionality; 3. Relationality; 4. Credibility

Users wanted the app to be: 1. Easy to use;
2. Providing knowledge which they did not
know before; 3. Personalised; 4. Adding an
element of fun to the game; 5. Adding a social
community which they could interact with like-
minded individuals.

Users wanted the app to cover: 1. Focused
more on positive outcomes of quitting and
emotions rather than negative; 2. Smokers felt
that personalisation was an important function,
including ability to set personal quit dates,
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6

7

Fulton et al. (2018)/ UK

Gowarty et al. (2020)/
USA

gamified smoking
cessation app.
Setting: University.

Aim: To translate
behaviour change
technique concepts
into digital content
within the app.
Setting: Not
reported.

Aim: To explore
attitudes toward
smoking cessation
apps and
preferences
regarding app
design

in young adult
smokers with
serious mental
illness.

Setting: A
community mental
health care.

Design: Participatory
design focusing on
person-centred
approaches.

Data collection: “Think
aloud” session.

Data analysis: Top-
down coding.

Design: An exploratory
qualitative study

Data collection: Focus
groups

Data analysis: Thematic
analysis

Adult
smokers or
ex-smokers
(N=4), 4
males.

Adult

smokers with

serious
mental
illness
(N=22), 10
females.

game developers, in
collaboration with
end users
developed the app,
which included
gamification and
theoretically
validated Behaviour

Change Techniques.

StopApp

Sources: “Co-
creation” of the app
based on evidence-
based behaviour
change component

N/A

YES

N/A

plans, record relapses, and receive tailored text
messages; 3. The idea of a personalized diary
to incorporate these aspects was popular
among the smokers as were links to local
pharmacies/quit services.

Users liked the app: 1. Provided testimonials;
2. Can send reminders to use the app; 3.

Provided appointment time and date choices; 4.

Sent motivation messages without excessive
pressure.

Users disliked the app: 1. Not presented in an
appealing way, with a relatively poor structure
and too much text; 2. Not intuitive, needing
guidance to navigate the app.

Users wanted the app to cover: 1. Had a
trustworthy logo, such as NHS; 2. Added a
booking function sent an automatic
appointment to the user’s outlook or other
phone calendar.

Users wanted the app: 1. Receiving support
from other people within the app; 2. Feedback
about progress (such as cigarettes avoided, or
money saved); 3. Rewards such as financial
incentives or badges; 4. Providing distraction to
avoid cigarettes; 5. To be informative; 6.
Tracking their smoking behaviours.
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9

Gowarty et al. (2021)/
USA

Herbst et al. (2020)/ USA

Aim: To determine
the user
experience,
usability, and
acceptability of
QuitGuide and
quitSTART—among
young adult tobacco
users with severe
mental diseases.
Setting: A
community mental
health centre.

Aim: To examine
the acceptability,
user experience,
and perceptions of
the app.

Setting: Not
reported.

Design: Mixed method
approach

Data collection: Semi-
structured interviews.
Data analysis: Thematic
analytical techniques.

Design: Qualitative
evaluation design.

Data collection: Semi-
structured interviews.
Data analysis: Thematic
analysis.

Adult
smokers
receiving
mental health
treatment:
Adult
smokers
(N=17), 7
females, 10
males.

Smokers
who were
military
veterans with
posttraumatic
stress
disorder
(PTSD)
(N=17), 17
males.

QuitGuide /
quitSTART

YES

Sources: The
National Cancer
Institute provided
the two apps based
on behavioural
change theories and
clinical practice
guidelines

Stay Quit Coach YES
Sources: The

National Centre for

PTSD designed the

app based on

behavioural and
pharmacotherapy
treatment

Users liked the app: 1. Easy to use; 2. Used a
positive and supportive tone 3. Provided
motivational quotes and feedback on money
saved; 4. Could track the smoking behaviour; 5.
The notification function reminded them to use
the app.

Users disliked the app: 1. Navigation difficulty
during the first visit; 2. A negative tone or
repeated reminders of a lack of progress would
evoke feelings of guilt and failure, which could
undermine their quit attempts.

Users wanted the app to cover: 1. Adding a
tracking function that enabled them to track
cutting down, which they felt was important to
frame their progress positively; 2. Having more
sections in the apps where they could enter
free-text responses to prompts (such as their
moods or their triggers for smoking) instead of
choosing from a prepopulated menu; 3.
Personalisation.

Users liked the app: 1. The psychoeducational
information on PTSD; 2. The calculator function
was described by some as a helpful and
motivating way to visualize their progress; 3.
The reminders of their personal reasons to quit,
self-scheduled motivational messages
delivered as push notifications and tools for
coping with stress and negative emotions were
helpful.

Users disliked the app: 1. Issues with using
the money-saved calculator while reducing
cigarette use (eg, unable to use this function
unless one has already quit smoking); 2. The
timing of reminders and notifications, eg,
inability to adequately customize timing of the
notifications; 3. Users needed guidance to use
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10

Klein et al. (2019)/
Australia

Aim: To explore the
feasibility,
acceptability, and
utility of Kick.it to
assist smokers with
severe mental
diseases to prevent
smoking relapse
and quit.

Setting: Not
reported.

Design: Co-design
methodology.

Data collection: Semi-
structured interviews.
Data analysis: Thematic
analysis.

Adult
smokers/ex-
smokers with
mental
diseases
(N=12), 8
males, 4
females.

Kick.it YES

Sources: An
analysis of literature
combined with
stakeholder input
from health
professionals and
smokers, using
intervention
mapping
development
framework

the app; 4. The app did not have enough
privacy.

Users wanted the app to cover: 1. Increased
level of engagement and interactivity with the
user; 2. Personalisation; 3. Being able to share
progress with others through texts or social
media if desired; 4. More opportunities for
social interaction and social support within the
app; 5. Incorporating content such as news
updates or current events news feed; 6. Ability
to store data within “the cloud; 7. Incorporating
games or other functions for distraction; 8.
Increased ability to track ones use of coping
tools and cigarette use, as well as other
tobacco products to monitor and detect
patterns in craving onset; 9. Adding graphs in
tracking function; 10. Reducing the typing
burden.

Users liked the app: 1. Provided the in-time
strategy messages; 2. The tracking function
which could provide them with ongoing
feedback; 3. Had a chat room so that they
could connect likeminded people; 4. The
inclusion of terms and conditions that outlined
the privacy settings and rules of use to alleviate
potential concerns around engaging with the
social network.

Users disliked the app: Difficult to navigate
the app because of limited knowledge and skills
in technology.

Users wanted the app to cover: 1. Tailored to
an individual's psychological needs; 2.
Normalised smoking relapse and multiple
quitting attempts; 3. A caring app which could
offer companionship and enable them to share
their concerns without feeling stigmatized or
judged; 4. To be social network based.
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11

12

13

14

Luna-Perejon et al.
(2019)/ Spain

Maramis et al. (2019)/
Finland

Meijer et al. (2021)/
Netherlands

Naughton et al. (2016)/
UK

Aim: To evaluate
the user
experience, and
more specifically
the usability and the
user satisfaction
with the app.
Setting: University.

Aim: To present the
development of
QuitIT! As well as
its preliminary
evaluation.

Setting: Not
reported.

Aim: To evaluate
StopCoach and to
explore the
experience of
smokers using
StopCoach.
Setting: Blended
care settings within
five municipalities in
The Netherlands.

Aim: 1. Assess
smokers’
compliance with
reporting their
smoking in real time
and identify reasons
for noncompliance;
2. Assess the app's

Design: Cohort study.
Data collection:
Questionnaire and expert
report.

Data analysis: Not
reported.

Design: Qualitative
evaluation design.
Data collection:
Interviews.

Data analysis: Not
reported.

Design: Mixed-methods
design.

Data collection: Semi-
structured interviews.
Data analysis:
Framework Analysis.

Design: An explanatory
sequential, mixed-
methods design.

Data collection:
Interviews.

Data analysis: Thematic
analysis.

Experts
(N=25), 11
females and
14 males.
Adult
smokers
(N=45),
gender was
not reported

Adult
smokers
(N=15), 9
males and 6
females.

Lower socio-
economic
status (SES)
smokers
(n=22); Sex
ratio was not
reported.

Adult
smokers
(N=15), 7
females, 8
males.

So-Lo-mo YES

Sources: The app
was designed in the
EU SmokeFreeBrain
project

QuitIT! YES

Sources: The design
of this app followed
an iterative user-
centered design
methodology and
incorporated social
influence techniques

StopCoach YES
Sources:

Q Sense YES
Sources:

Researchers

investigated the
barriers and
facilitators of user
engagement with

Users disliked the app: 1. The game menu
was difficult to find; 2. Games were boring, too
simple, and with no option to pause; 3. The
audio-visual functions needed to be improved.
Users liked the app: It was easy to use.

Uses wanted the app to cover: 1. Adding a
function for inviting friends to QuitIT! via
personal messages in social media; 2. Can
customise the timing of the end-of-day
reporting alert.

Users liked the app: 1. Easy to install and use;
2. The design and layout was positive; 3. The
descriptive statistics; 4. Providing virtual coach
to give supports; 5. Providing practical
information and tips.

Users liked the app: 1. Locations of their
smoking reports as recorded by Q Sense as
correct and accurate; 2. The way the app used
location sensing (eg, GPS and Wi-Fi); 3.
Geofence messages were useful in providing
distractions or alternatives to smoking; 4.
Morning support messages were also
described as being a helpful motivation boost.

84



15

16

Paay et al. (2014)/
Denmark

Paay et al. (2015a)/
Denmark

accuracy in
identifying user-
specific high-risk
locations for
smoking; 3. Explore
the feasibility and
user perspective of
geofence-triggered
support; 4. Identify
any technological
issues or privacy
concerns.

Setting: Not
reported.

Aim: To explore
how participants,
smokers and ex-
smokers, interacted
with the different
content types and
sources of Quitty.
Setting: University.

Aim: To discuss
participants’
experience with the
app and the role it
played in their
smoking cessation.
Setting: Not
reported.

Design: Qualitative
exploratory design.

Data collection: Semi-

structured interviews.

Data analysis: Opening

coding method from
grounded Theory.

Design: Qualitative
descriptive design.

Data collection: Semi-

structured interviews.
Data analysis: Not
reported.

Adult
smokers or
ex-smokers
(N=11), 8
males, 3
females.

Adult
smokers or
recently quit
but want to
stay quit
(N=13), 4
males and 9
females.

the app through
mixed-methods
designs and learn
about its support
delivery system
under natural
conditions

Quitty

Sources:
Researchers were
guided by Fogg’s
principles for
persuading people
into bahaviour
change using
technology and
incorporated
findings from
literature to design
the app

QuittyLink

Sources:
Researchers
designed the app
based on previous
studies on health
behaviour change

YES

YES

Users wanted the app to cover: 1. Had
shorter messages, suggestions of alternatives
to smoking, and messages tailored to the
situation; 2. Concerned about the privacy; 3.
Had the option to set a new quit date; 4.
Enabling user preferences for the types of
messages provided (e.g., health information
and motivational message); 5. Had cartoons or
videos as well as text support; 6. Had a
‘human” element within the app, to link in with a
support network or a stop-smoking advisor or
service.

Users wanted the app: 1. Messages were
generated from a real person; 2. Messages did
not arrive at the same time each day; 3.
Messages should be funny and not repetitive;
4. Messages should have a link to the app; 5.
Users preferred gain-framed messages; 6. Had
genuine and realistic content; 6. Tips should
suggest ways to get healthy again and make
original content; 7. Had positive motivator since
it helped users to focus on possible
achievements; 8. Adding social functionality in
the app.

Users disliked the app: 1. Did not provide
enough content both in terms of the amount
released each day; 2. Lacked depth in the
information to keep them interested in using it
on a daily basis.

Users liked the app: 1. Was easy to use; 2.
Users were interested in the tracking function;
3. Users found the app helped them to reflect
on their smoking patterns and cigarette
consumption; 4. Had a visual representation of
their smoking habit; 5. The counselling
messages were personalised and written
specifically for them and their current situation;
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18

Paay et al. (2015b)/
Denmark

Paay et al. (2015c)/
Denmark

Aim: To gain
smokers’ and ex-
smokers’ attitudes
towards quitting,
and their ideas
about how
interactive
technology might be
used to help them
quit.

Setting: Not
reported.

Aim: To explore
how smokers
responded to
entering data about
their smoking habits
and then receive
personal
counselling advice.
Setting: Not
reported.

Design: An empirical
investigation.

Data collection: Focus
group and design
workshops.

Data analysis: Thematic
analysis.

Design: Qualitative
evaluation design.

Data collection: Semi-
structured interviews.
Data analysis: Content
analysis.

Adult
smokers or
ex-smokers
aged from 20
to 61 (N=18),

11 males and

7 females.

Adult
smokers
aged from 22
to 52 years
old; 4 males
and 9
females
(N=13).

and smoking
cessation, and the
review of existing

apps

QuitNow-My
Quitbuddy

Sources: N/A

QuittyLink

Sources:
Researchers
designed the app
based on previous
studies on health
behaviour change
and smoking
cessation, and the
review of existing

apps

NO (A
commercial
app)

YES

6. The “resisted” function was useful in.
keeping their motivation high.

Users wanted the app: 1. Flexibility: to be
flexible enough to adapt to the user’s current
needs; 2. Reminders need to be sent out when
and where a smoker tends to crave cigarettes
to avoid making them think about smoking; 3.
Self-monitoring could be used to help people
understand their own smoking habits and
create strategies to cope with cravings; 4.
Visualizations of smoking behaviours,
calculated compensations in the form of
financial or health gains, or stories and tips
tailored to a person’s behaviours; 5. Novelty:
Presenting people with new and surprising
information attracts attention and sparks
interest; 6. Had meaningful rewards: need to
be something that holds value and meaning for
that person; 7. Had social support; 8.
Competition: Participants felt that it was highly
motivational to be involved in competition; 9.
Showed losses and gains.

Users liked the app: 1. Can learn their
smoking patterns (time and place); 2. An
informative picture to show their smoking
behaviours; 3. Can track their smoking habits;
4. Easy to use; not too time-consuming; 5. To
send reminders to remind them to use the app;
6. Have convenient and pertinent counselling;
7. The counselling messages were
personalised; 8. Made them reflect more on
their habits, potentially inspiring future
behaviour change.

Users wanted the app: 1. They can choose
the timeframe of the graphs and can compare
the smoking behaviours with last weeks; 2.
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20

Peiris et al. (2019)/
Australia

Australian and New
Zealand Clinical Trials
Registry
ACTRN12616001550493

Rusu et al. (2020)/
Romania

Aim: To assess the
feasibility and
acceptability and
explore the
effectiveness of a
novel mHealth app
to assist Aboriginal
people to quit
smoking.

Setting:
Community.

Aim: To explore the
views of postpartum
women on the two
components of the
Stay Quit Together
postpartum smoking
relapse prevention
intervention — the
iCoach mobile
application and the
text messages.
Setting: Obstetrics
and gynaecology
clinic.

Design: A pilot
randomised controlled
trial (RCT) plus process
evaluation.

Data collection: A
questionnaire and semi-
structured interviews.
Data analysis (interview
only): Thematic analysis
using a context-
mechanism-outcome
(CMO) configuration.

Design: Qualitative
exploratory design.

Data collection: Semi-
structured interviews.
Data analysis: Thematic
analysis.

RCT: 49
smokers
(intervention
group=25,
control
group=24),
38 females
and 11
males, mean
age=42
years old
Interviews:
15
participants
from
intervention

group.

Women who
just gave
birth, have
tried quitting
before or
during
pregnancy
(N=12).

Can’t even Quit YES
Sources:

Researchers

reviewed the

existing smoking

cessation apps first,

then gathered user

groups to get their

opinion.

iCoach YES

Sources: N/A

Convenient and pertinent mobile counselling:
users preferred the convenience of receiving
counselling on their mobile phone rather than
having to contact someone.

Users liked the app: 1. Game apps could
provide a stronger motivation for engaging in
health apps; 2. Value of a group atmosphere to
support smoking cessation was mentioned.
Users wanted the app: 1. Not too difficult to
use; 2. Had a balanced message frequency; 3.
Had personalised messages; 4. To incorporate
games; 5. To be more social, interactive, and
inclusive of user-generated content.

Users liked the app: The panic advice and
daily advice were useful.

Users disliked the app: 1. There was too
much text and suggested more images; 3. The
most useful functions were panic advice and
the daily advice.
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22

23

Smith et al. (2017)/
Australia

Struik et al. (2018)/
Canada

Struik et al. (2019)/
Canada

Aim: To examine
what influenced
people to engage or
disengage with the
app, and how the
app was deployed
in quit attempts.
Setting: Not
reported.

Aim: To contribute
insights toward
understanding how
young adults
interact with the
smoking cessation
app and how this
interaction shapes
young adults'
smoking cessation
experience and
practices.

Setting: Not
reported.

Aim: To detail how
the overall design
approach of Crush
the Crave (CTC), a
quit smoking app
that targets end-
users, compares
with young adult
women’s and men’s
perspectives and
experiences, with
consideration for

Design: A qualitative
exploratory design.
Data collection:
interviews.

Data analysis: thematic

analysis.

Design: Qualitative case

study.

Data collection: Semi-

structured interviews.
Data analysis:

Framework approach.

Design: Qualitative case

study design.

Data collection: Semi-

structured interviews.

Data analysis: Thematic

analysis.

Adult
smokers who
have an
attempt to
quit (N=23),
11 males and
12 females.

Young adult
smokers
(N=31), 13
females and
18 males.

Young adult
smokers
(N=31),

13 females
and 18
males.

Newleaf

Sources:
Researchers
designed the app
based on a previous
study and the Reddit
website

Crush the Crave

Sources: The design
of this app was
underpinned by the
US Clinical Practice
Guidelines for
quitting smoking and
principles of
persuasive
technology for
behaviour change

Crush the Crave

Sources: The design
of this app was
underpinned by the
US Clinical Practice
Guidelines for
quitting smoking and
principles of
persuasive
technology for
behaviour change

YES

YES

YES

Users liked the app: 1. Had authentic and
contextualised stories; 2. Stories had specific
advice that was contextualised.

Users wanted the app: 1. Valued their
anonymity; 2. Selecting stories that fitted their
stage of quitting and which they could relate to
and use productively.

Users liked the app: 1. The credibility
component of CTC played an important role in
harnessing the trust of young adults; 2. The
tracking function were helpful; 3. By providing
tailored information about the health benefits of
quitting smoking countered some optimism bias
in relation to the predicted effects that smoking
had on them; 4. Visibility of their efforts
(awards) was helpful in motivating users
continuing quitting smoking.

Users disliked the app: 1. The social support
component was regarded as the weakest
function to assist users to quit smoking; 2. The
Quit Buddy function was unsuccessful; 3. A
gradual quit plan was unproductive since young
smokers wanted to quit abruptly.

Users liked the app: 1. Fit with needs and
preferences of their age groups; 2. Integrating
the app with social media platforms enabled
easier access and opened opportunities to
reach young adults with cessation support; 3.
The content was delivered in a fun and positive
way; them into an app for users to support self-
management of health behaviour; 4. The
underlying focus in the design of the app was
the individually-led nature of the intervention; 5.
Easy to use.

Users disliked the app: 1. The app was too
dark; 2. Had so many subpages which led to
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25

Schick et al. (2018)/ UK

Tudor-Sfetea et al.
(2018)/ UK

the influence of
gender.
Setting: Not
reported.

Aim: To evaluate
the app as a
potential smoking
cessation aid and
explore user
experience and
technological
requirements and
security of the data
flow.

Setting: NHS Fife
GP practice.

Aim: To explore
participants’
perceptions of 2
mHealth apps, a
CBT-based app,
Quit Genius, and a
non-CBT-based
app, NHS
Smokefree, over a
variety of themes;
investigate the
perceptions and
health behavior of
users of each app
with respect to
smoking cessation.
Setting: not
reported.

Design: Pre- and post-
quit two-phase design.
Data collection: Two
face-to-face interviews,
and one telephone
interview.

Data analysis: Not
reported.

Design: A qualitative
short-term longitudinal
study.

Data collection: Semi-
structured interviews.

Data analysis: Thematic

analysis.

Adult
smokers who
are
interested in
smoking
cessation
(N=8),
gender was
not reported.

Adult
smokers who
are intended
to quit
(N=29), 25
males and 4
females.

MapMysmoke

Sources: N/A

Quit Genius/

NHS Smokefree

Sources: N/A

YES

NO
(Downloaded
from App
Stores)

“hidden” functions they were unaware of; 3.
Some app functions were based on the quit
date, which sometimes leaded to inaccurate
statistics.

Users liked the app: 1. Not difficult to use; 2.
Can monitor how much they smoked and their
improvements through visual feedback; 3. The
app was not difficult to use; the 'logging'’; 4. Can
know the place and time of smoking; 5. The
spatial representation of smoking.

Users disliked the app:1. The ‘logging’
function often diverted attention and delayed
smoking; 2. Cannot see other users’
comments; 3. Do not have a chat room; 4. Too
much reminding to trigger a craving.

Users liked the app: 1. To be personalised; 2.
Had the ‘sharing’, ‘saving’, and ‘tips’ functions;
3. Had a positive and bright color scheme; 4.
Easy to use and not too time-consuming; 5. To
be interactive; 6. Had audio files; 7. Information
was delivered concisely, and beyond what the
users expected and knew; 8. Considered
privacy; 9. The “context behaviour therapy”
method contributed to their intrinsic motivation
to quit.

Users disliked the app: 1. The ‘lapse’
function; 2. Lacking interactivity caused
boredom and a decreased desire to use the
app; 3. Lacking human contact from a
physician.

Users liked the app: 1. Can help them to
explore their own smoking journeys and was
valuable in understanding psychological
triggers and cues of why they smoked and re-
evaluate their smoking behaviour; 2. Increase
their confidence and improve their willpower.
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27

Vilardaga et al. (2016) /
USA

Vilardaga et al. (2019)/
USA

Aim: To evaluate
user experience of
the app amongst
people with serious
mental illness.
Setting: A
community mental
health clinic.

Aim: 1. To report
the results of a
series case studies
testing the usability,
user experience
(UX), and user
engagement (UE) of
LTQ; 2. To explore
whether LTQ and
QG differ in terms of
UX and in what way
they were similar or
different.

Setting: Mental
health clinic.

Design: Qualitative
evaluation design.

Data collection:
Questionnaire, Semi-
structured interviews,
Think aloud procedure,
Daily diary.

Data analysis: Affinity
diagram, a grounded field
theory approach.

Design: Case studies.
Data collection: System
usability scale, UX
interviews and
background analytics.
Data analysis: Thematic
analysis.

Adult
smokers who
take
psychiatric
medication
as prescribed
(N=5), 5
males.

Adult
smokers with
serious
mental health
diseases,
who have an
intention to
quit (N=7),

4 females
and 3 males.

Quitpal

Sources: The app
design was based
on US Clinical
Practice Guidelines
for smoking
cessation

Learn to Quit/
QuitGuide

Sources: LTQ was
designed based on
Acceptance and
Commitment
Therapy.

QG was designed
based on US
Clinical Practice
Guidelines for
smoking cessation

YES

YES

Users wanted the app: 1. Had more
personalised functions, such as customised
motivation scales or tailoring tips; 2. Audio clips
should be shorter and more concise, videos
should be available for text-heavy topics; 3.
Social interaction function should be reinforced;
4. Gaming aspects would be an aspiring
function; 5. Adding more visualization, such as
a graphical representation monitoring health; 6.
Providing regular health news updates such as
smoking taxes and bans.

Users disliked the app: 1. Needed guidance
to use it; 2. They needed to wait a whole day to
press the ‘| was smoke free today’; 3. Not
intuitive; 4. They were easy to forget press the
‘save’ button when they smoked; 5. The
number of layers and steps to accomplish tasks
was excessive.

Users wanted the app: 1. Focused more on
the process of cutting down, not quitting; 2. Had
nonmonetary rewards; 3. Used the cognitive-
behaviour-therapy skills; 4. Adding motivating
functions, such as gaming components.

Users liked the app: 1. Learn to Quit was easy
to use; 2. Gamification in Learn to Quit can
engage users in it; 3. The tracking chart in
QuitGuide was useful and desirable.

Users disliked the app: 1. QuitGuide was not
intuitive and was difficult to access app
functions; 2. QuitGuide had a ‘serious’ look and
feel.

Users wanted the app: 1. Adding a self-
initiating tracking function; 2. A wider variety of
automated messages in response to self-
reported levels of mood or cravings 3. Stronger
integration of the tracking function with LTQ
modules to increase the personal relevance of
the self-tracking function and increase retention
and comprehension of theory-based content.
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Wu et al. (2017)/ UK

Aim: To explore
pregnant smokers’
views on the
design, content and
usability of a
pregnancy-specific
smoking cessation
app in order to
inform intervention
development and
optimisation.
Setting: Stop-
smoking clinics and
pregnancy-specific
forums.

Table 3: Details of included papers

Design: Qualitative
exploratory design.
Data collection:
Interviews.

Data analysis: Thematic

analysis.

Pregnant
smokers
(N=10), 10
females.

SmokeFree Baby

Sources: The app
design was informed
by the Multiphase
Optimisation
Strategy, the UK
Medical Research
Council guidance,
the Behaviour
Change Wheel, the
COM-B

model of behavior,
the plans,
responses,
impulses,

motives, evaluations
(PRIME) theory of
motivation, evidence
from the scientific
literature, and
behavioural change
techniques (BCTSs)
from the BCT
Taxonomy v1.2

YES

Users wanted the app: 1. The colour, font type
and visuals to be appealing; 2. Adding an
option for customisable colours; 3. Adding a
pedometer to facilitate physical activities; 4.
The content of various app functions should be
updated on a daily basis; 5. The app content to
be personalised enough.

Users liked the app: 1. Easy to navigate; 2.
Interactive; 3. Various ways to present contents
(such as quizzes and videos); 4. Presenting
tips in shorter segments rather than long lists;
5. Provided educa- tional information they did
not know previously; 6. Monitoring the number
of smoke-free days could help them maintain
their motivation to remain abstinent.
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3.2 Qualitative findings

Qualitative analysis yielded two high level themes, app functions and app
characteristics (Table 4). The App Functions theme had six sub-themes: 1)
education (n=14); 2) tracking (n=21); 3) social support (n=19); 4) compensation
(n=12); 5) distraction (n=13), and 6) reminding (n=14). Each theme is explored in
more detail below. The App Characteristics theme had five sub-themes: 1)
simplification (n=18); 2) personalisation (n=17); 3) diverse output forms (n=7); 4)
interactivity (n=14); 5) privacy and security (n=4). Relevant quotes to support each
theme are listed in Table 5 (a) and Table 5 (b).
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High-Level Theme 1: App Functions High-Level Theme 2: App Characteristics

Education Tracking Social Compensation Distraction Reminding Simplification Personalisation Diverse Interactivity Privacy
No./Author Support output and
(Year) forms Security
1. Armin et \ \ \
al. (2017)
2. d V V V V
Baskerville
et al.
(2018a)
3.Bendotti J J V J J V J
et al.
(2022)
4. El-Hilly \ \ V V
et al.
(2016)
5. V V V V J
Edwards
et al.
(2018)
6. Fulton \ \
et al.
(2018)
7. Gowarty \ \ \ \ \ V
et al.
(2020)
8. Gowarty \ \ \ \ \
et al.
(2021)
9. Herbst d V V V V J V J
et al.
(2020)
10. Klein J J J V V
et al.
(2019)
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11. Luna-
Perejon et
al. (2019)
12.
Maramis
et al.
(2019)
13. Meijer
et al.
(2021)
14.
Naughton
et al.
(2016)
15. Paay
et al.
(2014)
16. Paay
et al.
(2015a)
17. Paay
et al.
(2015Db)
18. Paay
et al.
(2015c¢)
19. Peiris
et al.
(2019)
20. Rusu
et al.
(2020)
21. Smith
et al.
(2017)
22. Struik
et al.
(2018)
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23. Struik
et al.
(2019)

24. Schick
et al.
(2018)

25. Tudor-
Sfetea et
al. (2018)
26.
Vilardaga
et al.
(2016)

27.
Vilardaga
et al.
(2019)

28. Wu et
al. (2017)
Total

\/

\/

\/

14

21

\/

19

12

\/

13

14

¢ ¢
¢ ¢
¢ ¢
\/

¢ ¢
18 17

Table 4: Frequency of app function and app characteristics related themes in the data set

14
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3.2.1 App functions

Subtheme 1: Education

“l... enjoy learning something new. It’ s quite informative and makes you
think about what you're doing. [QG] helps you to understand a bit more
about what’ s going on...what could go wrong by continuing (to smoke)”
(Tudor-Sfetea et al., 2018)

“Maybe it could give you an explanation of how your health is improving.”
(Edwards et al., 2018)

Subtheme 2: Tracking

“So, I think maybe on the app if you can track maybe with a different graph,
what time you normally get a craving or if you do get one just to maybe log
it and so you can see when they get stronger or when they get weaker.”
(Herbst et al., 2020)

“| found out that | smoke the most at home and when passing time...I
always thought that if | smoked, it was because | was stressed. So my
justification to smoke is not really honest.” (Paay et al., 2015c)

‘I don’t necessarily count the days, but then | can perhaps with a tracker go
‘Oh it’s been nine days and twelve hours! This is great! | feel better now, it
felt like it was only two days!’.” (Paay et al., 2014)

“I thought | knew how much | was smoking but this [smoke button] gave me
a reality check....it was neat to see how much | was actually smoking”
(Struik et al., 2018)

Subtheme 3: Social support

“‘Don't want to share progress on social media in case you fail.” (Tudor-
Sfetea et al., 2018)

“So | think if you could, like, message someone on the app that’s using it at
the same time...if you could communicate with someone else using it, like
chat with them...” (Gowarty et al., 2020)

“I can imagine this would help quite a lot: talking to ex- smokers about what
helped them quit and then all different sections [in the ‘Identity’ module].
This is really good, because | think you need communication with other
people who have gone through the same situation as you to make you feel
like you are not alone” (Wu et al., 2017)

“You'd have each other to lean on and to express what you're feeling”
(Peiris et al., 2019)

“It's like relating your experiences to theirs and trying to find what you can
do about it” (Smith et al., 2017)

“Itis like a game, where you always gain new levels, and when you take a
cigarette you lose levels. Then it is like ‘Ah crap’... | want to win this
competition against others and for how long can | keep off the smokes
compared to others?” (Paay et al., 2015b)

Subtheme 4: Compensation

“It was nice to track . . . the average of how much you would spend, and a
big function at the top is how much you saved . . . it’s visual and lets you
know, lets the user know how much did | really save and am | making
progress.” (Herbst et al., 2020)

“My reward should be bigger than how delicious | think it is to smoke.”
(Paay et al., 2015b)
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“Cigarettes are rewarding to us, physically and psychologically, they’re
rewarding. . .. Give me the reward, man! . . .I quit [smoking]!” (Armin et al.,
2017)

‘I couldn’t actually log how many cigarettes and stuff | had ...[s0] it's not
accurate. But if it was accurate it [would be] cool to see like, you know,
money saved, like, oh hey, | saved $100 smoking so far. Like you know, it's
something to be proud of” (Struik et al., 2019)

“After a week if would be good to tot up how much money you have saved.”
(Edwards et al., 2018)

Subtheme 5: Distraction

“It helped me cope with stress in the sense that it distracts me . . . always
something in your hands with the app . . . | mean it does help with stress.”
(Herbst et al., 2020)

“Maybe if they had prior to like some type of like a mini game or something
in there that would keep the mind occupied rather than telling you, “Don't
smoke.” (Tudor-Sfetea et al., 2018)

“I am craving so idea of a craving button which could be pressed when
needed and links to a page with different management strategies e.g., play
game, prompt to go for walk, speak to friend.” (Edwards et al., 2018)
‘cause when you’re having a craving, you just look at it [the app] and maybe
it'll tell you, like, uh, go for an hour run, or you know, tell you some sort of
structure to keep your mind off of you smoking. Something to keep you
busy, keep your hands busy...” (Gowarty et al., 2020)

Subtheme 6: Reminding

“I would definitely say the motivation that it would give you, because it’s like
a set time—twelve o’clock you set it, and it'll say, ‘Good job you didn’t
smoke today.’ . . . And even if you did smoke, it'll give you like the drive to
quit smoking—maybe you'll feel bad in your mind if you did smoke and the
message said that you didn’t.” (Herbst et al., 2020)

‘| was getting texts all the time, reading all of them, trying to take in all the
information...They were good...motivating, especially when you’ re having a
hard day and you get texts all the time, and it’s like, ‘Yeah, | can do it.” ...”
(Peiris et al., 2019)

“I liked how it gave notifications, like every day I've got a notification saying;
You're on day four of your smoking quitting history.” (Tudor-Sfetea et al.,
2018)

“It must not remind people of having a smoke. Enough is doing that already.
If I had an app that kept giving me messages, | would just think ‘I could
really use a cigarette right now’ (Paay et al., 2015b)

“These were good reminders. So, If | did not check it that day so it was like
‘oh yeah that’s what | have to do’. Because you do forget especially if you
are busy or you are tired.” (Paay et al., 2014)

Table 5 (a): lllustrative quotes (examples) from included studies to support the
App Functions theme

3.2.1.1 Education
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Education meant providing information to smokers, not only showing them what they
could gain and lose through smoking cessation (Tudor-Sfetea et al., 2018) but also
teaching them to cope with negative emotions such as anxiety as well as urges and
cravings to smoke (Wu et al., 2017, Rusu et al., 2020, Herbst et al., 2020, Luna-
Perejon et al., 2019).

Participants wanted apps to provide more information (Gowarty et al., 2020, Meijer et
al., 2021, Paay et al., 2015b) going beyond what they already knew (Paay et al.,
2015b, El-Hilly et al., 2016). Users preferred to receive positive information (Luna-
Perejon et al., 2019, Schick et al., 2018, Paay et al., 2014, Edwards et al., 2018,
Struik et al., 2019) from experts (Smith et al., 2017, Paay et al., 2014) or other
smokers in a similar situation (Wu et al., 2017). Educational information should be
tailored to individual needs (Paay et al., 2015b), with content updated regularly to
increase engagement with a smoking cessation app (Wu et al., 2017, Paay et al.,
2015b, El-Hilly et al., 2016).

3.2.1.2 Tracking

Tracking was the most frequently mentioned app function. It allows users to
document when, where, or how many cigarettes users smoked and provides
feedback, usually through visualisations. Tracking can not only measure progress of
quitting (Paay et al., 2014, El-Hilly et al., 2016, Armin et al., 2017, Herbst et al.,
2020, Gowarty et al., 2021, Bendotti et al., 2022), but also make users more self-
aware of their smoking patterns and psychological triggers to smoke (Bendotti et al.,
2022, Klein et al., 2019, Struik et al., 2019, Vilardaga et al., 2019, Schick et al., 2018,
Gowarty et al., 2020, Tudor-Sfetea et al., 2018, Meijer et al., 2021). Some apps even
can show the location where users smoked using a map (Schick et al., 2018,
Naughton et al., 2016). The challenge of tracking is that users sometimes struggled

to report smoking in real time (Naughton et al., 2016).

3.2.1.3 Social support

Having a social support function meant users could get encouragement and support
from and share their quitting progress with their family, friends, other smokers, and
physicians through stories or competition (Paay et al., 2014, Baskerville et al.,
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2018a, Peiris et al., 2019, Tudor-Sfetea et al., 2018, Smith et al., 2017, Bendotti et
al., 2022). In a study with people with mental conditions, through the social support
function, the app had the potential to decrease stigma, sense of loneliness (Klein et
al., 2019). Smith et al. (2017) reported that participants preferred to use the app’s
sharing function to interact with other people who were trying to quit smoking and
valued the anonymity of the social function on the app, rather than sharing
information openly on social media such as Facebook. Bendotti et al. (2022) found
that users’ sense of achievement and motivation could be boosted through sharing
their progress with friends. Although social support functions were appreciated by
most smokers, some users thought it unnecessary or were unwilling to share their
smoking cessation attempts or progress on social platforms (Wu et al., 2017,
Gowarty et al., 2021, El-Hilly et al., 2016, Struik et al., 2018).

3.2.1.4 Compensation

Compensation functions in the smoking cessation apps focused on calculating
money saved, cigarettes saved, abstinence (smoke-free) days, physical health
rewards, or providing psychological rewards, including gamification, which seemed
to help improve confidence and motivate some people to quit smoking (Vilardaga et
al., 2016, Paay et al., 2015b, Armin et al., 2017, Edwards et al., 2018, Baskerville et
al., 2018a, Struik et al., 2018, Struik et al., 2019, Luna-Perejon et al., 2019, Herbst et
al., 2020, Gowarty et al., 2020, Gowarty et al., 2021). For example, virtual rewards,
such as imagery or recordings of walking in fresh air and listening to birds singing,
was appreciated by some users (Armin et al., 2017, Luna-Perejon et al., 2019), while
other participants wanted psychological rewards such as digital badges to increase
the quitting motivation (Gowarty et al., 2020).

3.2.1.5 Distraction

Many smoking cessation apps helped users to occupy their minds with other things,
such as games, videos, music, or social media (Paay et al., 2015b, Smith et al.,
2017, Struik et al., 2018, Herbst et al., 2020, Peiris et al., 2019, Vilardaga et al.,
2019, Edwards et al., 2018, Tudor-Sfetea et al., 2018, Bendotti et al., 2022) or
suggested users perform physical exercise (Luna-Perejon et al., 2019) or have
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something to eat or drink (Baskerville et al., 2018a) to distract them from smoking or
craving events. For instance, in Struik et al. (2018), young smokers preferred games
to YouTube videos, as games kept their hands busy to distract them from smoking.
Similarly, participants in Wu et al. (2017) wanted the app to add some distraction

function such as breathing exercises or games.

3.2.1.6 Reminding

Reminders were used to prompt people to use the smoking cessation app, to inform
them of their progress, or just to send motivational messages (Paay et al., 2014,
Paay et al., 2015b, Paay et al., 2015c, Vilardaga et al., 2016, Naughton et al., 2016,
Tudor-Sfetea et al., 2018, Schick et al., 2018, Struik et al., 2018, Peiris et al., 2019,
Luna-Perejon et al., 2019, Gowarty et al., 2020, Gowarty et al., 2021, Herbst et al.,
2020, Bendotti et al., 2022).

Although some found reminders or notifications annoying, especially at inconvenient
times (Paay et al., 2014, Vilardaga et al., 2016), most users found them useful
motivational tools (Paay et al., 2014, Paay et al., 2015c, Vilardaga et al., 2016, Struik
et al., 2018, Tudor-Sfetea et al., 2018, Herbst et al., 2020, Gowarty et al., 2021).
Notably, users seemed to prefer to receive reminders from a real person, not a
machine, as this was more motivating to stop smoking (Paay et al., 2015b, Paay et
al., 2014, Paay et al., 2015c). A handful of studies reported that too frequent
reminders may have counterproductive effects and could prompt people to smoke or
lead to disengagement from the app due to lack of personalisation (Bendotti et al.,
2022, Schick et al., 2018, Paay et al., 2015b, Peiris et al., 2019, Luna-Perejon et al.,
2019, Gowarty et al., 2020).

3.2.2 App characteristics

Subtheme 1: Simplification

“‘Easy and fast. It takes a quarter of a second to open and then you just

press save and ‘bang’, you are done” (Paay et al., 2015c)
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“It was easy to get to, easy to use. Especially like being a mom...it was easy
and simple. It wasn’t overly complicated—Ilike to start, like the start-up was
[easy to] enter stuff...it wasn’t overly long...[My son] only lets me use my
phone for like two seconds at a time”(Struik et al., 2019)

Subtheme 2: Personalisation

‘It means a lot that it was written specifically to me, what | should do, and
not what others should do” (Paay et al., 2015c)

“Being personalized is definitely important.” (Edwards et al., 2018)

Subtheme 3: Diverse content formats

“There is too much text. There should be more images” (Rusu et al., 2020)

Subtheme 4: Interactivity

“It just needs to be made more interactive.” (Tudor-Sfetea et al., 2018)

“It has to be interactive to work.” (Edwards et al., 2018)

“I quite like the quiz. It's very interactive, which is really good and it helps
you learn more about what you are actually doing to your body and to your

baby’s body without actually doing it in a patronising way” (Wu et al., 2017)

Subtheme 5: Privacy and Security

“The safety of the program - the personal data, so nobody can access it”
(Rusu et al., 2020)

Table 5 (b): lllustrative quotes (examples) from included studies to explain the
theme App Characteristics

3.2.2.1 Simplification

Simplification meant the smoking cessation apps should be quick and easy to use
(Paay et al., 2015a, Paay et al., 2015c, El-Hilly et al., 2016, Vilardaga et al., 2016,
Wu et al., 2017, Fulton et al., 2018, Tudor-Sfetea et al., 2018, Luna-Perejon et al.,
2019, Maramis et al., 2019, Peiris et al., 2019, Klein et al., 2019, Vilardaga et al.,
2019, Struik et al., 2019, Herbst et al., 2020, Rusu et al., 2020, Gowarty et al., 2021,
Bendotti et al., 2022, Meijer et al., 2021). If an app was not intuitive and easy to

follow, users needed further training or guidance on how to use it (Tudor-Sfetea et
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al., 2018, Klein et al., 2019, Peiris et al., 2019). Vilardaga et al. (2019) found that
people with serious mental health conditions felt stressed if the app was not simple

to use.

3.2.2.2 Personalisation

Several studies noted that the design of smoking cessation apps should be tailored
to the target population, as each person/group such as young smokers or those with
mental health conditions may have specific smoking habits and quitting
requirements.

For example, in Struik et al. (2019), men did not want to share personal things in
apps, while women were more inclined to draw on social support in the smoking
cessation app. Participants wanted personalised reminders, counselling messages
and tips (Paay et al., 2015a, Paay et al., 2015c, Vilardaga et al., 2016, Naughton et
al., 2016, Wu et al., 2017, Edwards et al., 2018, Tudor-Sfetea et al., 2018, Klein et
al., 2019, Maramis et al., 2019, Peiris et al., 2019, Bendotti et al., 2022), tailored
quitting dates and plans (Edwards et al., 2018), tailored educational information
(Struik et al., 2018), personalised rewards (El-Hilly et al., 2016), or tailored tracking
modes (Baskerville et al., 2018a). Bendotti et al. (2022) found that app users’
personal accountability could be reinforced through the ability to personalise their

quit plans.

3.2.2.3 Diverse content forms

Instead of using just text-based information on smoking cessation, various forms of
content such as images, videos, audio were appreciated (Naughton et al., 2016,
Armin et al., 2017, Wu et al., 2017, Tudor-Sfetea et al., 2018, Fulton et al., 2018,
Herbst et al., 2020, Rusu et al., 2020). Some participants thought audio was more
convenient since they could play the audio when doing other activities and felt more
engaged with the audio narrations. In addition, users preferred to add background
music to audio files so they can be more relaxed (Armin et al., 2017).

3.2.2.4 Interactivity
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Interactivity was highlighted in several studies. In addition to functions such as such
as social support and interactive distractions, discussed above, quizzes were
another potential interactive component. Interactivity by users to avoid boredom and
increase engagement with the app (Paay et al., 2014, Paay et al., 2015b, Vilardaga
et al., 2016, Vilardaga et al., 2019, Smith et al., 2017, Wu et al., 2017, Tudor-Sfetea
et al., 2018, Edwards et al., 2018, Struik et al., 2018, Struik et al., 2019, Peiris et al.,
2019, Herbst et al., 2020, Gowarty et al., 2020, Bendotti et al., 2022).

3.2.2.5 Privacy and Security

Privacy and security when using a smoking cessation app was a concern in some
studies (Naughton et al., 2016, Smith et al., 2017, Klein et al., 2019, Rusu et al.,
2020). Users were worried about the safety of their data (Rusu et al., 2020), or
valued anonymity when using the app to quit smoking as this made them feel safe
(Smith et al., 2017). Interestingly, in Naughton et al. (2016), some participants were
not concerned about app privacy as the study was affiliated with a university, rather

than a commercial company.

4. Discussion

4.1 Principal findings

To our best knowledge, this is the first qualitative systematic review to explore
smokers’ experience of using smoking cessation apps. The 28 studies revealed six
key app functions: education, tracking, social support, compensation, distraction, and
reminding; and five key app characteristics: simplification, personalisation, diverse
contents formats, interactivity, and privacy and security. The most frequently
mentioned app functions were tracking (n=21 studies) and social support (n=19),
while the most frequently discussed app characteristics were simplification and
personalisation with 18 and 17 studies mentioned them, respectively.

4.2 Comparison to existing literature

Regmi et al. (2017) identified eight studies in which mobile apps helped increase the
quitting rate among smokers. All studies adopted behaviour change theories. Audio-
visual functions followed by a quit plan, tracking progress, and sharing functions
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were the most accepted and utilised. Functions which increased app engagement
were statistically significant in increasing the quitting rate and apps which used social
media appeared to reduce relapse to smoking. This suggests that the functions and

characteristics highlighted in this review might be beneficial for smoking cessation.

Consistent with this review, Xu et al. (2019) found that smokers rated the following
four app functions as very or extremely important: social support, tracking,
personalisation, and helping to cope with withdrawal symptoms, which is reflected in
the sub-themes of distraction and education. Security and privacy were rated less
important than other app functions.

McClure et al. (2016) found that five app aspects were important to both health care
providers and smokers: low cost, personalisation, tracking, privacy, and helping to
manage withdrawal symptoms and medication side effects. Privacy was rated as the
most important function among health care providers, while smokers thought
personalisation was paramount. Gaming and social media connectivity were
regarded less important than other app functions. In this review, we found that
gaming and gamification underpinned the functions of distraction and compensation.
Privacy preserving social support is important, which explains the reduced
importance of social media connectivity. There is a need to explore whether
willingness to use social support function is associated with specific populations and
the possible benefits and security concerns (Dennison et al., 2013).

It is important to encourage users to use smoking cessation apps as a tool to support
smoking cessation, along with other smoking cessation methods, rather than relying
on it as a sole source of distraction or support. While some components of smoking
cessation apps, such as games, might be addictive, there was no evidence of this in
the studies in the review. However, some studies found that excessive mobile
gaming can lead to negative consequences, including impaired social functioning,
disrupted sleep patterns, and poor academic performance (Hussain et al., 2012) and
Lopez-Fernandez et al. (2014) found a significant proportion of participants reported
feeling anxious or irritable when unable to access their mobile phones, which

highlights the potential for mobile gaming to become a problematic behaviour and
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the need for further research to explore how to avoid addiction when using mobile
games within apps.

A recent meta-analysis examined the relative effectiveness of mobile applications
compared to other forms of smoking cessation interventions (Cobos-Campos et al.,
2020). It remains to be seen whether the effectiveness of apps can be improved by
better design that is more responsive to the needs of users.

4.3 Implications for future work

The results of this review can be used to guide app developers to design smoking
cessation apps which can better meet smokers’ needs: In terms of app functions,
smoking cessation apps should (1) help users track the time, location, and intensity
of smoking cravings (2) enable users to connect with others who are trying to quit
smoking, share their experiences, and provide mutual support, (3) provide up-to-
date, evidence-based health education on the benefits of smoking cessation, risks of
smoking, and tips for managing cravings, (4) provide various methods to distract
users from cravings, such as music, videos, mini-games etc., (5) provide
gamification such as virtual rewards and visualisations to motivate users,
emphasising quitting days, money saved, health recovery status etc. to boost their
self-efficacy, (6) offer tools such as goal setting and reminders to keep users
motivated and engaged. These functions could be co-designed with people of
different ages, genders, ethnicities, and other characteristics to ensure how smoking

cessation apps work are tailored appropriately for a wide variety of users.

In terms of app characteristics, (1) the software interface should be intuitive and easy
to navigate, (2) users should be able to adapt apps to their habits, preferences, and
goals, (3) apps should add interactive components to increase engagement, (4) apps
should use various media, such as video, audio, infographics or images, to replace
long texts , (5) apps should be compliant with data privacy laws and have robust

security measures to protect users’ personal information.

Further research could link the findings of this study with the findings of studies that

examined smokers’ attitudes toward, and reasons for smoking to develop a
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programme theory to explain how and why smoking cessation apps are expected to

work, which could provide valuable information for evaluation of such programmes.

All included studies were conducted in high-income countries. Yet, globally, over
80% of the smoking population live in low- and middle-income countries, where the
morbidity and mortality of smoking-related diseases are highest (WHO, 2023a).
There is a clear need for research exploring smokers’ experiences of smoking
cessation apps in these contexts, where

tobacco policy, accessible smoking cessation services, Internet access, mobile
phone ownership, and smoking culture may be very different.

It is worth noting that app-based smoking cessation programmes are primarily
accessible for smokers who are comfortable with using smartphones and can afford
Internet access required by many apps to send or receive data. Policy makers and
health providers working in smoking cessation need to consider to what extent app-
based approaches are suitable for people from low-income households, people who
live in areas with poor Internet connectivity, and those who are not comfortable with
using technology as their digital literacy knowledge and skills are low (Sharma et al.,
2022, Martinez-Pérez et al., 2013). In addition, apps need to be designed to be
accessible for people with dexterity or vision impairment. Accessibility was not
assessed in this systematic review given that we focused on reports of the user
experience. Furthermore, those living in low- and middle-income countries may have
no or limited access to mobile phones and the Internet which could prevent them

from utilising smoking cessation apps (WHO, 2011).

4.4 Limitations

This review has several limitations. Firstly, grey literature on this topic was excluded.
Since we did not conduct a separate quality assessment, we ensured that studies
had at least been vetted by peer review. Papers were limited to those written in
English. Secondly, although every effort was made to follow the inclusion criteria,
one included study recruited smokers over 16 years of age, but the youngest
participant’s age cannot be found (Peiris et al., 2019). We decided to include this
study in our review because we believe that it contained rich and relevant
information that was valuable for answering the research question. Regarding the
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interpretation and discussion of the findings, we took into consideration the age
distribution of the participants when conducting our analysis and interpreting the
results. Thirdly, we conducted a qualitative content analysis of summarised findings
and key quotes that focused on the apps themselves, and not on the context in
which they were used. This would require a more in-depth thematic analysis of the
full results and discussion sections of all papers. Fourthly, because of the
heterogenous nature of included papers and the contested nature of using a
structured approach to assess the quality of qualitative and mixed-method research
papers (Dixon-Woods et al., 2007, Reynolds et al., 2011), we did not assess the risk
of bias. Finally, due to the qualitative nature of this review, we did not assess for
publication bias.

5. Conclusion

In this systematic review of the qualitative evidence on the user experience of
smoking cessation apps, we determined six key app functions and five key app
characteristics that may play a role in the success of mHealth for smoking cessation.
In addition to informing the design of new smoking cessation apps which better meet
smokers’ needs, our findings can also be used as the basis for planning realist
evaluation research of specific apps and creating programme theories that link

behaviour change with technology use.

4.3 Conclusion

As stated in section 4.1, the overall aim of this systematic review throughout the
thesis was to identify contexts and mechanisms for using smoking cessation apps.
This conclusion section presents a synthesis of evidence on these contexts and
mechanisms based on the findings of this qualitative systematic review. The review
evaluated the current evidence on user needs and user experience of smoking
cessation apps by exploring common app features and characteristics, which acted

as contexts and mechanisms in smoking cessation apps.

In this study, user needs are important contexts for the successful implementation of
smoking cessation apps. Four contexts were identified based on the findings of this

review. The first context was that smokers wanted to seek positive feedback to
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strengthen their motivation and self-efficacy. The review findings showed that
smokers were more likely to be motivated by positive changes due to smoking
cessation, such as the achievements of quitting smoking and the rewards of smoking
cessation. Positive feedback gave smokers a sense of achievement and made them
more confident in keeping abstinent. In addition, the educational content within these
apps also played a crucial role. By providing detailed information about the health
risks associated with smoking and the benefits of cessation, smokers will be more
motivated to stop smoking.

The second context was that smokers wanted to seek social support through apps.
The findings of this review indicated that most smokers liked the social features
within apps. Engaging in the social platforms within apps enabled them to
communicate with like-minded people, which allowed them to receive understanding
and support from other quitting peers. The social features had the potential to
decrease social stigma linked with smoking and a sense of loneliness because other
app users were quitting buddies who shared similar barriers and experiences with
them, so it is easier for cutting peers to empathise with each other compared with

non-smokers.

The third context was smokers seek support from apps to help them prevent relapse.
The review findings showed that some smoking cessation apps provided detailed
tracking of craving patterns, including location, time, intensity, and reasons. This
tracking feature, prevalent in most apps, allowed users to clearly understand their
high-risk situations, aiding in better management of cravings. Furthermore, the
distraction feature provided smokers with alternatives to smoking, such as mini-
games within apps. The distraction strategy can potentially engage smokers in
different activities, reducing the likelihood of giving in to cravings. Furthermore, the
education features also equipped smokers with the knowledge to cope with

withdrawal symptoms, including cravings.

The last context identified was that smokers wanted smoking cessation apps to be
easy to use, interactive, personalised, and respectful of privacy. The review findings
showed that ease of use is crucial for the effectiveness of smoking cessation apps.
Users are more likely to continue using an app and benefit from it if they find it

108



straightforward and intuitive. This ease of use contributed significantly to the overall
success and high user engagement level. In addition, users preferred multiple media
formats, such as audio and video formats, to make the user experience engaging
and enjoyable. Regarding potential improvements, some users expressed a desire
for additional features such as background music or imagery, which could create a
more soothing and relaxing environment, aiding in the smoking cessation process by
providing a more positive user experience. Personalisation was a key factor in
improving user experience in smoking cessation apps. It allowed users to set
individual goals and receive tailored support that better met specific user needs.
Personalisation enhanced user engagement and app features that, combined with
the personalisation characteristic, were more welcomed by smokers. Privacy and
security concerns were significant factors influencing user experience with smoking
cessation apps. Smokers were more likely to engage with an app if they were
confident that their personal data was being handled securely and their privacy was
respected. Ensuring robust privacy measures can enhance trust and potentially

increase user engagement.
In the next chapter, | will present the second systematic review, which

complemented this qualitative review and aimed to identify different outcomes of

using smoking cessation apps.
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CHAPTER FIVE: A systematic review of outcomes of using
mHealth interventions in smoking cessation

5.1 Introduction

The previous chapter covers the first systematic review exploring the contexts and
mechanisms of smoking cessation apps in aiding smokers in quitting. This chapter
presents the second systematic review as one of the steps of formulating IPTs. It
starts with the background of mHealth interventions in smoking cessation, including
existing research and their limitations, the most updated consensus on measuring
smoking cessation outcomes, and the research question of this review. Then, the
methods and findings were presented. Lastly, an evidence synthesis was given to
indicate how the findings of the two systematic reviews could provide complementary
insights to formulate IPTs. Complementing the first review, the findings of this
second systematic review reveal how the outcomes of using smoking cessation apps
were influenced by the interplay of contextual factors and activated mechanisms,
therefore leading to the success or failure of mHealth interventions.

5.2 Background

mHealth interventions offer an innovative and tailored approach to help smokers stop
smoking. Two existing systematic reviews have examined the effectiveness of
different mHealth interventions in smoking cessation (Do et al., 2018, Whittaker et
al., 2019). Do et al. (2018) examined the effectiveness of four types of eHealth
interventions, including mHealth interventions, Internet-based interventions,
computer-assisted interventions, and other electronic-assisted interventions. In
addition, Whittaker et al. (2019) focused on examining the long-term effectiveness of
SMS and app-based interventions in smoking cessation, with the follow-up period
longer than six months. Do et al. (2018) found that mHealth interventions were
significantly more effective than non-active control groups, such as smoking
cessation brochures only. However, only the beneficial effects of these interventions
for follow-ups of less than six months were found in this review. Whittaker et al.
(2019) found that SMS interventions were effective but did not find evidence that
smoking cessation apps increased quit rates in the long term (follow-up more than

six months).
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Although both studies explored the effectiveness of mHealth interventions, neither of
them identified the long-term effectiveness of mHealth interventions in smoking
cessation. However, smoking cessation requires prolonged persistence to overcome
both physiological and psychological dependencies to change the smoking habit
(Livingstone-Banks et al., 2019, Glass, 1991). Thus, when evaluating smoking
cessation interventions, it is vital not only to focus on how they help smokers alter
their smoking behaviour in the short term but also to consider how to increase their
long-term effectiveness (Marlatt and Gordon, 1985). This helps to determine how
smokers maintain abstinence over an extended period while reducing the risk of
relapse. Therefore, this study focused on the long-term effectiveness of mHealth

interventions in smoking cessation.

The most updated consensus on measuring smoking cessation outcomes indicates
that 6- or 12-month prolonged abstinence rate,7-day point abstinence (PAR), and 6-
month continuous abstinence rate (CAR) are important self-reported outcome
measures (West, 2005, Cheung et al., 2017). In addition, the preferred follow-up
periods for measuring these outcomes are 6 or 12 months (Cheung et al., 2017).
Before presenting this systematic review, it is crucial to explain the three types of
self-reported abstinence commonly used in smoking cessation studies. CAR refers
to no smoking behaviour from the initiation of smoking cessation up to the follow-up
assessment (Cheung et al., 2017). Point abstinence means no smoking occurred
during a specific period leading up to the assessment (Cheung et al., 2017). For
instance, 7-day PAR indicates that the smokers did not smoke for seven consecutive
days preceding the assessment. Finally, prolonged abstinence differs from CAR
since the quit date. It is defined as a sustained non-smoking status where a brief
relapse does not count as a failure (Pierce and Gilpin, 2003).

Since mHealth interventions for smoking cessation might share similar components,
such as providing educational information, tracking smoking cessation progress,
offering social support, etc., mHealth interventions other than apps could lead to
similar changes in smokers. In this review, | decided to cover all mHealth
interventions related to smoking cessation, not just limited to apps. Firstly, this will
facilitate a comprehensive understanding of the changes that happen to smokers
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when engaging with different mHealth interventions. In addition, by comparing the
effectiveness of different health interventions, factors that lead to the success or

failure of these interventions could be examined.

Therefore, the aim of this review was to synthesise existing evidence to identify the
outcomes of using mHealth interventions in smoking cessation. The review question

is:

"What are the long-term outcomes caused by the use of mHealth interventions in

smoking cessation?"

5.3 Methods

5.3.1 Outcome of interest

e Long-term outcomes of using mHealth interventions in smoking cessation (In
this review, long-term outcome was defined as follow-up longer than six

months)
5.3.2 Search strategy

The PICO framework was adopted to develop the search strategy (Scells et al.,
2017). Search terms were entered into seven databases: CINAHL (via EBSCOHost),
EMBASE (via Ovid), MEDLINE (via Ovid), PsycINFO (via Ovid), Cochrane Database
of Systematic Reviews (CDSR), ACM Digital Library, and IEEE Xplore to identify
eligible studies. Since the ACM Digital Library and IEEE Xplore databases are highly
likely to contain articles related to mHealth interventions, to make the search results
more relevant and manageable, | searched for papers in these two databases where
the keywords appeared in the abstracts.

This review included only RCTs and used "RCT" as one of the search terms for the
following reasons. Firstly, RCTs are recognised as the "gold standard" for evaluating
intervention effectiveness, providing stronger support for causal relationships
(Evans, 2003). Secondly, this review aims to compare the effectiveness of various

mHealth interventions and other active or nonactive interventions. Using "RCT" as a
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search term, without predetermining the comparison groups, allows for a more

extensive and comprehensive scope of studies.

Except for the study type, other search terms were mapped to suggested MeSH
subject terms and exploded to retrieve all references indexed to these MeSH terms
and their child or narrower terms. No limit on publication year was applied. The
search terms of this review are attached in Appendix 12.

5.3.3 Selection criteria

Table 5.1 presents the inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria
Population Adult smokers Smokeless or adolescent
smokers
Intervention | Contain any type of mHealth No mHealth interventions

interventions of smoking cessation:
mobile apps, quitlines, SMS etc.

Comparison | Usual care or traditional N/A
interventions

Outcome Follow-up period longer than 6 Follow up period less than 6
months months

Table 5.1 Inclusion and exclusion criteria for the 2" systematic review

5.3.4 Screening

Covidence (Covidence, 2021) was used to screen titles, abstracts and full texts. To
ensure rigour and avoid selection bias, another PhD candidate (XL) and | separately
screened titles and abstracts. Conflicts were discussed on meetings. Exclusion
reasons were noted in Covidence in the full-text screenging process. Conflicts
regarding eligibility or exclusion reasons were discussed on meetings, with
supervisors providing advice. This systematic review followed the Preferred
Reporting Items for Systematic PRISMA statement (Page et al., 2021) (Figure 5.1).

Figure 5.1: PRISMA Flowchart of the 2" systematic review

113



Identification of studies via databases and registers J

)

Records removed before
Records identified from*: screening:

Databases (n = 1856) Duplicate records removed
(n=969)

\4

Identification

[

A4

)

Records screened »| Irrelevant after title and abstract
(n=887) screening (n = 756)

!

Records left for full-text Reports excluded (n= 110):
screening based on full-text (n= [——» Wrong comparator (n=33)
131) Review (n=19)

Wrong outcome (n=15)
Wrong intervention (n=15)
No full-text (n=8)
Conference (n=6)

No relevant results (n=4)
Not English language (n=3)
() Wrong patient population
(n=5)

Not peer reviewed articles
A 4 (n=2)

Studies included in review
(n=21)

Screening

Included

5.3.5 Data extraction

The data extraction form (Table 5.3 in section 5.4) was designed beforehand and
piloted on five included studies. Another PhD student (XL) and | independently used
this data extraction form to extract pertinent data from the five selected papers and
compare the extracted information. The remaining data extraction was conducted by

me.

5.3.6 Quality appraisal

Critical Appraisal Skills Programme (CASP) checklist for RCTs was used to
appraisal the quality of included papers (CASP, 2020). The CASP assessment tool
consists of four sections (A, B, C, D) with a total of 11 questions, each question
offering three options: "Yes," "No," and "Can't tell." Section A primarily assesses the
validity of the study design. Section B evaluates whether the research methodology
is rigorous. Section C checks whether the reporting of the results is comprehensive.
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Section D discusses the applicability of the research findings. Although the CASP
assessment tool does not recommend a fixed scoring system because it was initially
designed for educational purposes, however, it still provides a structured method to
evaluate the quality of research. To facilitate the interpretation of appraisal results
and make the results more straightforward, | considered using quantitative
evaluation criteria based on the CASP checklist (Zwakman et al., 2018, Silies et al.,
2021). After consultation with the supervision team, it was agreed that if 9-11
questions were answered with "Yes", the study was judged as high quality. If 6-8
questions were answered with "Yes", it was judged medium quality. If fewer than 6
questions received a "Yes", it was considered as low quality.

To ensure the robustness of the quality appraisal, five of the papers were
independently appraised by me and another PhD candidate (XL) and any
disagreements were resolved through discussion. The remaining papers were
appraised by me, and any issues were discussed with the PhD supervisors. No
paper was excluded from this appraisal process. The quality appraisal results are
presented in Table 5.3.

5.3.7 Data analysis

Narrative synthesis (Popay et al., 2006) was employed to systematically summarise
the findings of the included studies, to gain a comprehensive understanding of what
outcomes are produced through the use of mHealth interventions in smoking
cessation. Narrative synthesis, rather than a meta-analysis, was conducted since
this approach allows for a detailed explanation of the outcomes of using mHealth
interventions by exploring the reasons for the success or failure of long-term
effectiveness (Popay et al., 2006). Data analysis results were summarised according
to the outcomes of interests of this review (Section 5.2.1).

5.4 Result
5.4.1 Study characteristics

5.4.1.1 Participants
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Among the included studies, most participants were general adult smokers (n=15),
meaning they have no specific diseases or conditions, except one study focused on
adult hospitalised smokers (Harrington et al., 2016). Five studies (n=5) centred on
smoking parents or smokers who were about to become parents (Abdullah et al.,
2005, Cummins et al., 2016, Schuck et al., 2014, Xia et al., 2020, Yu et al., 2017).
One study (n=1) focused on young smokers aged between 19 and 29 years old
(Baskerville et al., 2018b). The demographic characteristics of participants, such as
mean age, gender distribution and number of cigarettes per day, are presented in
Table 5.3.

5.4.1.2 Country of studies

The included studies (n=21) were published between 2005 and 2022 and took place
in different countries (regions). Four studies were conducted in Hong Kong (Special
administrative region of China); three each from the US and Netherlands; two were
from Norway; and one each from the Mainland of China, Thailand, Canada, Spain,

Germany, the UK, France, Ireland, and Denmark.

5.4.1.3 Type of studies

In most instances, the included studies were two-arm RCTs (n=15), with one arm
containing mHealth intervention and the other arm being a non-mHealth control
condition. Five studies (n=5) were three-arm RCTs (Chan et al., 2015, O’Connor et
al., 2020, Smit et al., 2016, Xia et al., 2020, Yu et al., 2017). One studies were four-
arm RCTs (Skov-Ettrup et al., 2016). In the three-arm and four-arm RCTs where at
least one intervention group is a mHealth intervention, the effectiveness of different
interventions was compared with each other and the control group. The conditions in

all intervention and control groups are presented in Table 5.3.

5.4.1.4 Intervention groups and control groups

The mHealth interventions for smoking cessation used in the included studies varied.
Online programmes were the most frequently used intervention (n=7) (Brendryen et
al., 2008, Brendryen and Kraft, 2008, Haug et al., 2011, McDonnell et al., 2011, Smit

et al., 2012, Harrington et al., 2016, Smit et al., 2016). Seven studies used message
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support (via SMS, email, or chatbox) (Naughton et al., 2014, Chan et al., 2015,
Skov-Ettrup et al., 2016, Yu et al., 2017, Nguyen Thanh et al., 2019, Wang et al.,
2019, Xia et al., 2020). Four studies (n=5) used proactive or reactive telephone
counselling (Abdullah et al., 2005, Schuck et al., 2014, Chan et al., 2015, Cummins
et al., 2016, Skov-Ettrup et al., 2016). Four studies (n=4) used a mobile app as the
intervention (Baskerville et al., 2018b, Carrasco-Hernandez et al., 2020, O’Connor et
al., 2020, Asayut et al., 2022). One study used a social platform to send videos to
promote smoking cessation (Xia et al., 2020).

The mHealth interventions were used alone (Abdullah et al., 2005, Haug et al., 2011,
Brendryen et al., 2008, Brendryen and Kraft, 2008, Harrington et al., 2016,
McDonnell et al., 2011, Nguyen Thanh et al., 2019, Skov-Ettrup et al., 2016, Smit et
al., 2012, Smit et al., 2016, Xia et al., 2020, Baskerville et al., 2018b) or combined
with other smoking cessation interventions, such as pharmacotherapy and
counselling (Asayut et al., 2022), self-help materials, psychopharmacological
treatment (Carrasco-Hernandez et al., 2020), brief advice (Naughton et al., 2014,
Wang et al., 2019), or acceptance and commitment therapy (O’Connor et al., 2020).

Interventions in the control groups included the use of non-digital interventions, such
as self-help materials (n=11) (Abdullah et al., 2005, Brendryen and Kraft, 2008,
Brendryen et al., 2008, McDonnell et al., 2011, Schuck et al., 2014, Chan et al.,
2015, Cummins et al., 2016, Skov-Ettrup et al., 2016, Baskerville et al., 2018Db,
Nguyen Thanh et al., 2019, Xia et al., 2020), usual smoking cessation services or
treatments (n=4) (Haug et al., 2011, O’Connor et al., 2020, Carrasco-Hernandez et
al., 2020, Asayut et al., 2022), and brief advice from health practitioners or smoking
cessation counsellors (n=4) (Naughton et al., 2014, Harrington et al., 2016, Smit et
al., 2016, Wang et al., 2019). Two studies (n=2) had no intervention for the control
group (Smit et al., 2012, Yu et al., 2017).

5.4.1.5 Outcome measurements

Smoking cessation outcomes were measured differently in the included studies
(Table 5.2). Regarding the follow-up period, since one inclusion criteria includes

assessment of outcomes six months or over, all included studies provided follow-up
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at six months or longer. Most studies used self-reported PAR to assess abstinence
rate (AR): 24-hour PAR (n=3) (Smit et al., 2012, Abdullah et al., 2005, Smit et al.,
2016), 7-day PAR (n=11) (Abdullah et al., 2005, Chan et al., 2015, Haug et al., 2011,
Nguyen Thanh et al., 2019, Smit et al., 2012, Wang et al., 2019, Schuck et al., 2014,
Baskerville et al., 2018b, McDonnell et al., 2011, Smit et al., 2016, Xia et al., 2020),
or 30-day PAR (n=4) (Harrington et al., 2016, McDonnell et al., 2011, Baskerville et
al., 2018b, Skov-Ettrup et al., 2016).

Six studies (n=6) assessed CAR (Asayut et al., 2022, Baskerville et al., 2018b, Smit
et al., 2016, Skov-Ettrup et al., 2016, Abdullah et al., 2005, Naughton et al., 2014).
Three studies (n=3) assessed 3-month or 6-month prolonged abstinence at follow-
ups (Naughton et al., 2014, Schuck et al., 2014, Smit et al., 2016). Two studies (n=2)
assessed repeated 7-day PAR at follow-ups (Brendryen and Kraft, 2008, Brendryen
et al., 2008), which means participants achieved 7-day PAR at all follow-ups.
However, Cummins et al. (2016) was not included in Table 5.2. Its follow-up times
were two months and six months postpartum, so it was difficult to define how long
the follow-up period was (since the intervention implementation date varied). Seven
studies (n=7) provided biochemical verification of the abstinence state (Carrasco-
Hernandez et al., 2020, O'Connor et al., 2020, Xia et al., 2020, Wang et al., 2019,
Abdullah et al., 2005, Chan et al., 2015, Naughton et al., 2014) via exhaled Carbon

Oxide or urine cotinine tests.

118



Table 5.2: Outcome measurements in included studies

Self-reported abstinence rate

Bio-verified
abstinence rate

Point-abstinence rate Prolonged abstinence rate Repeated 7-
day abstinence
24- 7-day 30-day rate at all
hour Continued 3-month 6-month | follow ups
(n) prolonged | prolong
ed
Follow up: 6-
month (Smit | (Abdullah et al., (Harringt | (Asayut etal., | (Naughton | N/A N/A (Wang et al.,
et al.,, 2005, Chanetal., |onetal., | 2022, et al.,, 2019, Xia et al.,
2012, | 2015, Haug et al., | 2016, Baskerville et | 2014) 2020, O’Connor
Abdull | 2011, Nguyen Baskervill | al., 2018b, et al., 2020,
ah et Thanh et al., eetal., Smit et al., Abdullah et al.,
al., 2019, Smit et al., | 2018b, 2016, Abdullah 2005, Chan et
2005, | 2012, Wang et Skov- et al., 2005, al., 2015,
Smit et | al., 2019, Ettrup et | Naughton et Naughton et al.,
al., Baskerville et al., | al., 2016) | al., 2014, 2014)
2016) | 2018b, Smit et Skov-Ettrup et
al., 2016, Xia et al., 2016)
al., 2020)
Follow up:
12-month (Smit | (Schuck et al., (McDonn | (Skov-Ettrup et | N/A (Schuck | (Brendryen (Carrasco-
et al.,, 2014, Chanetal., | elletal., |al., 2016) et al.,, and Kraft, Hernandez et
2016) | 2015, McDonnell | 2011, 2014, 2008, al., 2020, Chan
et al., 2011, Skov- Smitet | Brendryen et et al., 2015)
Nguyen Thanh et | Ettrup et al., al., 2008)
al., 2019, Smitet | al., 2016) 2016)

al., 2016)
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Table 5.3: Data extraction of included studies in 2" systematic review

a. Author a. Type of study a. Targeted Mode and details | Mode and Main findings (Statistical)
(Year) b. Sample size population of intervention details of
b. Country c. Quality b. Mean age (Intervention control
c. No. d. Aims c. Gender group - IG) (Control
d. Number of group - CG)
cigarettes per day
a. Abdullah et | a. Two-arm RCT a. Smoking parents | Three-session Only self-help | ITT: At 6-month follow up, the self-reported 7-
al. (2005) of young children telephone-based materials day PAR was larger in the intervention group
b. 952 (467 in smoking cessation (15.3%; 68/444) than the control group (7.4%;
b. Hong Kong | intervention group and b. N/A counselling plus 34/459) (P < 0.001), OR=2.1 (95% Cl:1.4-3.4)
(China) 485 in control group) self-help materials
c. 84% males, 16%
c. 1 c. high females
d. To examine the d. Mean= 14.5
effectiveness of (SD=8.9)
telephone counselling on
helping parents to quit
smoking
a. Asayut et a. A prospective, a. Adult smokers PharmQuit plus Usual No significant differences found between the
al. (2022) multicenter RCT who are ready to usual smoking smoking two groups. Participants in both groups
quit cessation services | cessation showed an increase in AR, number of
b. Thailand b. 156 (intervention group with services with | cigarettes smoked per day, exhaled CO, and
78 and control group 78) | b. Intervention pharmacotherapy | pharmacother | adherence to the cessation programme.
c.2 group (IG): 33.5 and counselling apy and
c. medium (SD= 14.2); Control counselling ITT: The 7-day PAR (last visit) were not
group (CG): 35.0 different between the groups at each follow-
d. To evaluate the (SD=16.4) up visit. 1G-32.1%; CG-34.6% (OR=0.89, 95%
effectiveness of smoking Cl: 0.46-1.73, p-value=0.734)
cessation services c. Intervention
provided by community group 91% male; CAR: Intervention group-11.5%; Control
pharmacists using Control group group-12.8% (OR=0.88, 95% CI: 0.34-2.32, p-
PharmQuit compared 92.3% male value=0.807)
with standard care
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d. Intervention
group: 11.9
(SD=6.9); Control
group:12.3
(SD=8.2)

Adherence to the cessation programme was
not different between groups. However, the
number of visits and days adhered to the
programme were higher in the IG than in the
CG.

a. Baskerville
et al. (2018b)

a. Parallel, double-blind
RCT

a. Young adult
smokers (19-29

Receive CTC for 6
months

Receive self-
help booklet

ITT: CARs of 13.8% (49/354) for CTC and
15.4% (57/371) for OnRQ (OR 0.89, 95% ClI

years old) for 6 months 0.59-1.34, P=.56) for 6 months.
b. Canada b. 1599 (1G 820, CG 779) 7-day PAR at 6 months: 33.3% in CTC and
b. 19-23 years old: 39.1% in OnRQ, OR=0.78 (0.57-1.06), p
c.3 c. high IG 49.9%, CG value=0.11
48.3% 30-day PAR at 6 months: 24.4% in CTC and
d. To determine the 29.3% in OnNRQ, OR=0.78 (0.56-1.09), p
effectivness of a smoking | c. IG 55.1% male, value=0.14
cessation app (Crush the | CG 53% male Although not statistically significant, higher
Crave (CTQC)), in cessation outcomes favoured the OnRQ
comparison with an d. N/A condition for participants with high school
evidence-based self-help education or less or for those reporting high
guide, On the Road to levels of social support (64/354, 18.2% vs
Quitting (OnRQ) 35/371, 9.5%, OR 0.48, 95% CI 0.22-1.06, p
value=0.07
Higher satisfaction and perceived helpfulness
with the self-help booklet OnRQ compared
with the CTC app. The participants likely
perceived CTC as too complex to use as
compared with a self-help booklet
a. Brendryen a. Two-arm RCT a. Adult smokers HE: an intense 1- | A 44-page ITT: participants in the IG (n = 29, 20%)
et al. (2008) who are willing to year smoking self-help reported statistically significantly higher
b. 290 (IG 144, CG 146) | quitona cessation booklet repeated PARs than CG (n =10, 7%) (OR =
b. Norway prescribed day programme (general 3.43, 95% CI 1.60-7.34, n = 290, P = .002).
c. high without using smoking
c.4 nicotine cessation tips, | ARs were significantly higher for the treatment
d. To assess the 12- replacement a quit condition than the control condition at 1, 3,
month effectiveness of calendar, a and 6 months. At 12 months, however, the
Happy Ending (HE) and 10-day quit difference only reached a marginal
to explore the potential log, quitline significance level.
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effect of HE on coping b. 1G: 39.5 information,
planning and self-efficacy | (SD=11.0); CG: and links to HE slightly increased coping planning and
39.7 (SD=10.8) online self-efficacy level during the 2-week
smoking preparation phase of the programme.
c. 1G: 50% male; cessation
CG: 50% male resources )
d. IG: 16.6 (SD=
7.2); CG: 17.6
(SD=7.0)
a. Brendryen a. Two-arm RCT a. Adult smokers Happy Ending A self-help Participants in IG reported statistically
and Kraft who are willing to (HE), an intense booklet plus significantly higher repeated PARs than CG
(2008) b. 396 (IG 197, CG 199) | quit 1-year smoking free nicotine (22.3% versus 13.1%; ITT: OR = 1.91, 95%,
cessation replacement Cl: 1.12-3.26, p value=0.02).
b. Norway c. high b. 1G: 35.9 programme therapy.
(SD=10.0); CG: Among those who were currently smoking,
c.5 d. To assess the long- 36.4 (SD=10.5) participants in IG showed an increase in self-
term effectiveness of a efficacy (M = 0.10, SD = 1.85), while the CG
online smoking cessation | c. IG 49.2% male; showed a decrease in self-efficacy (M = -0.63,
programme CG: 50.2% male SD = 1.42), which suggests that HE reduces
the negative effect that a failure to quit has on
d. 1G: 18.3 self-efficacy.
(SD=5.9); CG: 18.1
(SD=5.8)
a. Carrasco- a. Open-label, parallel- a. Adult smokers Usual care plus a | Usual care ITT: AR was 2.15 times higher among IG
Hernandez et | group RCT mobile app (psychological | participants than among CG participants
al. (2020) b. 1G: 48.38 generating and
b. 240 (1G 120; CG 120) (SD=9.49); CG: smoking cessation | pharmacologi | The logistic regression analysis results for
b. Spain 50.93 (SD=10.85) messages cal treatment) | participants who completed the study (per-
c. high protocol basis) showed that, for the IG
c.6 c. IG: 45.8% male; participants, the efficacy was 3.45 times
d. To analyse the long- CG: 56.7% male higher with adjustment for age, motivation to
term efficacy of a mobile stop smoking (Richmond scale)
app d. 1G: 21.45
(SD=8.97); CG:
20.75 (SD=9.39)
a.Chanetal. | a. Single-blind, 3-arm a. Adult smokers Telephone A smoking ITT: The 7-day PAR for the three groups at 6-
(2015) RCT counselling (TEL) | cessation month follow-up was 22.2 (TEL), 20.6 (SMS)
b. N/A group: 5-min booklet and 20.3% (CG). OR: TEL group: 1.58, SMS
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b. Hong Kong
(China)

c.7

b. 1003 (Intervention:
338; SMS: 335; Control:
330)

c. medium

d. To examine the
effectiveness of brief
interventions for smokers
who joined the Hong
Kong Quit to Win Contest
to quit smoking

c. TEL: 80.8%
male; SMS: 80.6%
male; Control:
83.9% male

d. 1-10: 41.1%,
42.2%, 44.0%
11-20: 42.3%,
44.6%; 41.6%
>20: 16.6%,
13.3%, 14.4%

nurse-led
telephone
counselling and a
smoking cessation
booklet

SMS group: eight
text messages
through mobile
phone and a
smoking cessation
booklet

group: 1.17. The difference was statistically
insignificant between TEL and CG, and SMS
and CG

The self-reported 7-day PAR at 12-month
follow-up: 19.5 (TEL), 17.9 (SMS), 18.2%
(CG). OR: TEL: 1.09; SMS: 0.98

a. Cummins et | a. Two-arm RCT a. Pregnant Telephone self-help ITT: AR was higher for the IG than the CG at
al. (2016) smokers counselling plus a | packet only the end of pregnancy (30-day prolonged AR,
b. 1173 (I1G: 584; CG: self-help packet. 29.6% vs 20.1%; p<0.001), (Risk Ratio
b. USA 589) b. 18-24: 46.8% (IG (RR)=1.5 (95% CI 1.2-1.8)); 2 months
47.4%; CG 42.1%) postpartum (90-day prolonged AR, 22.1% vs
c.8 c. high >=25:53.2% (IG 14.8%; p<0.001), RR= 1.5 (95% CI 1.2-2.0);
48.5%; CG: 49.8%) and 6 months postpartum (180-day prolonged
d. To test the efficacy of AR, 14.4% vs 8.2%; p<0.001), RR=1.7 (95%
pregnancy-specific c. 100% female Cl1.2-2.4).
counselling.
d. N/A
a.Haug etal. | a. Quasi RCT a. Adult smokers An internet-based | Assessment ITT: At 6-month follow-up, 7-day PAR was
(2011) programme only 11.1% (26/235 participants) in the CG and
b. 477:1G 242; CG 235 b. 46.5 (SD=9.8): 23.6% (57/242 participants) in the 1G.
b. Germany IG-47.0 (SD=9.9);
c. high CG-45.9 (SD=9.6) Logistic regression analyses resulted in
c.9 higher 7-day PAR in the IG compared to the

d. To test the feasibility
and efficacy of a smoking
cessation programme

c. 48% male: IG-
44.6% male; CG
51.5% male

d.14.1 (SD=7.2):
IG-14.3 (SD=7.5);
CG-13.9 (SD=6.9)

CG (OR=2.0; 95% CI 1.1-3.8; p=.02).
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a. Harrington | a. Two-arm RCT a. Adult smokers Access to a Brief bedside | ITT: No difference was found between IG and
et al. (2016) stayed in a hospital | website with advice to quit, | CG for self-reported ARs (25.4% WI vs 26.8%
b. 1488 (1G-748; CG-740) communication a quit plan UC). However, more than 45% of continued
b. USA b.41.6 (SD=13.1): with a tobacco template, and | smokers reported a reduction in their
c. high IG-41.6 (SD=13.3); | counsellor, quitline smoking.
c. 10 CG-41.6 (SD=13.0) | interactive self- contact
d. To examine the assessments, information
effectiveness of a web- c. 52% male: 1G- smoking cessation
based smoking-cessation | 54.7% male; CG- information, and
intervention 49.3% male access to online
resources, as well
d. 14.1 (SD=9.9): as automated
IG-13.6 email messages
(SD=9.3); CG- 14.6 | tailored for health
(SD=10.4) concern and
readiness to quit.
a. McDonnell | a. Two-arm RCT a. Adult Korean Online version of Programme There was no significant difference in 7-day
et al. (2011) American (KA) the Quitting is booklet and 30-day PAR between the IG and CG at
b. 1409 (1G-702; CG-707) | smokers Winning 50-week follow-up: 7-day PAR: OR=1.0 (95%
b. USA programme CI1 0.7-1.4); 30-day PAR: OR=0.9 (95% ClI
c. high b. 35.3 (SD=8.9) 0.6-1.2)
c. 11
d. To evaluate the c. 87.7% male
effectiveness of Quitting
is Winning programme d. 13.8 (SD=7.2)
a. Naughton a. Two-arm RCT a. Adult smokers Usual care plusa | Usual care No significant difference between IG and CG
et al. (2014) tailored advice (Smoking in 2-week PAR at the 8-week primary
b. 602 (1G-299; CG-303) | b.41.8 (SD=13.0): | report and text cessation endpoint (OR = 1.22, 95% CI = 0.88—1.69)
b. UK IG-42.3 (SD=13.0); | messages advisors
c. high CG-41.3 (SD=13.0) providing Statistically significant group differences were
c.12 advice) found for 6-month prolonged AR at 6 months
d. To estimate the c. 49.3% male: 1G- (OR =1.81, 95% CI 1.09-3.01) and for 6-
effectiveness, feasibility 46.8 male; CG month repeated abstinence (control 6.3%,
and acceptability of a 47.9% male iQuit 11.4%; OR = 1.92, 95% CI 1.07-3.45).
smoking cessation
intervention
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d. 18.3 (SD=8.0):
IG-18.4 (SD=7.9);
CG- 18.2 (SD=8.2)

a. Nguyen a. Two-arm RCT a. Adult smokers An automated A smoking ITT: Not significantly different between the 1G
Thanh et al. programme of 45 | cessation and CG at 6 and 12 months but was higher in
(2019) b. 2478(1G-1242; CG- b. 35.9 (SD=9.8); e-mails (“e- booklet the IG at 3 months than in the CG
1236) 1G-36.2 (SD=9.8); coaching”) sent OR=1.24 (95% CI 1.03-1.49), 1.00 (95% CI
b. France CG-35.6 (SD=9.7) | over a 3-month 0.83-1.20), 1.02 (95% CI 0.84-1.24),
c. high period respectively, at 3 months, 6 months, 12
c.13 c. 35.2% male: IG months.
d. To assess the 34.3% male; CG
effectiveness of a 36.0% male
personalised and
automated Internet-based | d. 16 (SD=7.8)
programme
a. O’Connor et | a. 3-arm RCT a. Adult smokers SmartQuit app CG1: ACT There was no significant difference in the
al. (2020) plus acceptance treatment biochemically verified 7-day PAR at 6-month
b. 150 (50,50, 50 in IG- b. IG, CG1, CG2: and commitment follow-up between IG and CG1, and IG and
b. Ireland app + acceptance and [35.99 (9.92); 34.06 | therapy (ACT) CG2: CG2. At 6-month follow- up, the biochemically
commitment therapy (10.14); 35.08 treatment behavioural verified AR was 24% in the IG versus 24% in
c. 14 (ACT); CG 1- ACT; CG 2- | (8.72); 38.80 support group | the CG1, OR = 1.00, 95% CI 0.40-2.51, and
behavioral support) (10.37)] 20% in the CG2, OR =0.79, 95% CI 0.31-
2.05.
c. high c. IG, CG1, CG2
(male): 47.34%;
d. To evaluate the 54%; 50%; 38%
efficacy of a smoking
cessation app d. IG, CG1, CG2:
16.85 (7.77); 16.78
(6.51); 16.66
(6.00); 17.10
(10.26)
a. Schuck et a. Two-arm RCT a. Smoking parents | Telephone Self-help ITT: 7-day PAR at 12-month follow-up (OR =
al. (2014) counselling plus booklet 2.35, 95% CI = 1.56-3.54).

b. Netherlands

b. 512 (IG 256; CG 256)

c. high

b. 42.2 (SD=5.4):
1G-42.3 (SD=5.6);
CG-42.0 (SD=5.1)

tailored
supplementary
materials

7-day PAR at 3-month follow-up (OR = 5.83,
95% Cl = 3.72-9.13)
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c.15

d. To test the
effectiveness of tailored
telephone counselling

c. 47.5% male: 1G-
48.8% male; CG-
46.1% male

d. 16.2 (SD=7.8):
IG- 15.7 (SD=8.0);
CG-16.8 (SD=7.7)

6 months prolonged AR at 12-month follow-up
(OR =4.92, 95% CI = 2.71-8.93).

a. Skov-Ettrup | a. 4-arm RCT a. Adult smokers IG1- Proactive CG- Self-help | The OR for prolonged AR at 6-month follow-
et al. (2016) telephone booklet up in the IG1 compared to CG was 2.2 (95%
b. 1810 (Proactive b. 1G1-51 (41-60); counselling Cl = 1.2-3.8]) after 6 months and 2.2 (95% CI
b. Denmark counselling-452; reactive | 1G2-51 (42-60); IG2- Reactive = 1.2-4.0) after 12 months.
counselling-453; Internet- | 1G3-52 (42-59); telephone
c. 16 based program-453; CG-53 (41-62) counselling The 30-day PAR was significantly higher in
booklet/control-452) IG3- Internet- and IG1 than in CG after 1 month (OR = 2.7, 95%
c. Male rate: IG1- text-message- Cl =1.8-4.1) and 6 months (OR = 1.8, 95% CI
c. high 38.9%; 1G2-43.5%; | based smoking =1.2-2.8).
1G3-41.3%; CG- cessation program
d. To compare the 42.6% (e-quit) After 12 months, no statistically significant
effectiveness of proactive differences in 30-day PAR were seen for any
telephone counselling, d. IG1-16 (10-20); IG compared to the CG.
reactive telephone 1G2-17 (10-20);
counselling and an IG3-15 (10-20); For IG1, a subgroup effect was found on 30-
internet- and text- CG-15 (10-20) day PAR at 12-month follow-up:
message-based Compared to those who completed no
intervention with a self- sessions of proactive telephone counselling,
help booklet for smoking the OR for 30-day PAR at 12 months was 2.7
cessation (95% CI = 1.2—6.1) among those completing
at least five sessions.
a. Smit et al. a. Two-arm RCT a. Adult smokers Web-based No ITT: IG appeared to have significantly
(2012) smoking cessation | intervention increased 24-hour PAR (OR 1.85, 95% CI
b. 1123 (1G-552; CG-571) | b. 49.5 (SD=32.5): | programme 1.30-2.65), 7-day PAR (OR 2.17, 95% CI

b. Netherlands

c. 17

c. high

d. To investigate the
effects of a web-based

1G-48.4 (SD=12.2);
CG-48.8 (SD=12.3)

c. 47.6% male: 1G-
45.8%; CG-49.4%

1.44-3.27), and prolonged AR (OR 1.99, 95%
Cl 1.28-3.09) reported after 6 weeks.

At 6-month follow-up, no intervention effects
could be identified. 24-hour PAR (OR 1.51,
95% CI 0.97-2.35), 7-day PAR (OR 1.40, 95%
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smoking cessation
programme

d.20.6 (SD=12.4):
1G-20.8 (SD=13.7);
CG-20.4 (SD=11.0)

Cl 0.88-2.22), prolonged AR (OR 1.26, 95%
Cl1 0.68-2.34)

a. Smit et al.
(2016)

b. Netherlands

c.18

a. Three-arm RCT

b. 414:1G1-163; 1G2-132;
CG-119

c. medium

d. To investigate the
effects of web-based
smoking cessation
programme plus
counselling (MTC)
compared with computer
tailoring without
counselling (MT) and
usual care (UC) on ARs

a. Adult smokers

b. 48.0 (SD=11.9):
1G1-48.1
(SD=12.0); 1G2-
47.8 (SD=12.4);
CG-48.1 (SD=11.3)

c. 40.1% male:
1G1-36.8%; IG2-
41.7%; CG-42.9%

d. N/A

IG1 (MTC): web-
based smoking
cessation
programme plus
counselling

IG2 (MT): The
smoking cessation
programme as

IG1 without
counselling

Usual care:
smoking
cessation
guidance
according to
Dutch
standard
practice

At both follow-ups, no main effects of the
interventions could be identified .

At 6-month follow-up (24-hour PAR, 7-day
PAR, prolonged AR):

MTC vs. MT: OR= 0.670 (95% CI 0.302—
1.487), 0.477 (95% Cl 0.204-1.115), 0.730
(95% CI 0.304-1.756)

MTC vs. UC: OR= 1.090 (95% CI 0.496-
2.396), 0.835 (95% CI 0.353 1.979), 0.804
(95% CI10.336-1.924)

MT vs. UC: OR=1.627 (95% CI 0.674-3.931),
1.751 (95% CI 0.679-4.512), 1.100 (95% ClI
0.427-2.834)

At 12-month follow-up (24-hour PAR, 7-day
PAR, prolonged AR):

MTC vs. MT: OR= 0.519 (95% CI 0.235-
1.066), 0.511 (95% Cl 0.254-1.028), 0.491
(95% Cl 0.224-1.073)

MTC vs. UC: OR= 0.839 (95% CI 0.382-
1.846), 0.889(95% CI 0.412-1.914), 0.755
(95% CI10.319-1.785)

MT vs. UC: OR= 0.618 (95% CI 0.279-1.367),
1.738 (95% CI 0.809-3.734), 1.539 (95% ClI
0.669-3.540)
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a. Wang etal. | a. Cluster-RCT a. Adult smokers Chat-based Brief advice At the 6-month follow-up, validated AR was
(2019) instant messaging | only significantly higher in the 1G than in the CG
b. 1185, Intervention b. Mean=41.5 support for 3 (unadjusted OR= 1.68, 95% CI 1-03-2-74)
b. Hong Kong | (n=591), Control (n=594) | (SD=14.0) months
(China)
c. high C. 77% male
c. 19
d. To assess the effect of | d. 1-10 (54%,52%)
chat-based instant 11-20 (39%, 40%)
messaging support 21-30 (4%, 4%)
>=31 (3%, 4%)
a. Xia et al. a. Single-blind, 3-arm, a. Expectant IG1- Video group: | Following According to the ITT analysis, at 6-month
(2020) RCT fathers who are participants receipt of the | follow-up, OR value (biochemically validated,
smokers received 4 videos | leaflet at self-reported):
b. Hong Kong | b. 1023, video (n=333), on various risks of | baseline,
(China) text (n=322), control b. Video; Text; smoking for participants Video vs. Text: 1.66 (95% CI 1.11-2.47), 1.55
(n=368) Control maternal and child | received no (95% CI 1.06-2.27)
c. 20 [31.6(SD=5.5); health via WeChat | further
c. high 31.9 (SD=5.3); on week 1,3,5,7 intervention Video vs. Control: 2.86 (95% CI 1.85-4.42),
32.5 (SD=5.2)] 2.54 (95% Cl 1.69-3.81)
d. To examine the IG2- Text group:
effectiveness of a video- | c. 100% male participants Text vs. Control: 1.72 (95% CI 1.08-2.75),
based smoking cessation received 4 text 1.63 (95% CI 1.06-2.52)
intervention d. <=10: 72.7%; messages with
72.6%; 75.0% content similar to
11-20: 25.2%; that of the videos
25.2%; 24.4% and on similar
>=21:2.1%; 2.2%; | schedules
0.5%
a.Yuetal. a. 3-arm RCT a. Families of IG1: in-person No tobacco ARs at 6 months (OR: 3.60, 95% CI: 1.41—
(2017) which fathers are counselling by control 9.25) and 12 months (OR: 2.93, 95% CI:
b. 342 (114 in each smokers and trained healthcare | intervention 1.24-6.94) were both significantly increased
b. China group) mothers are non- workers in IG1 compared to CG.
smokers
c.21 c. high IG2: counselling in
b. Fathers: 31.8 IG1 plus text Not any significant difference in the outcomes
d. To assess whether (SD=4.5): IG1-31.8 | messaging neither between control group and traditional
interventions that (SD=4.8); 1IG2- 31.9 intervention group (CG and IG1), nor the
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incorporate traditional (SD=4.1); CG-31.6 difference between traditional intervention

and mobile phone- based | (SD=4.5) group and mHealth intervention group (IG1
education will help create | Mothers: 29.6 and 1G2).
smoke-free homes for (SD=3.8): 1IG1-29.6
infants and increase (SD=3.8); 1G2-29.9
quitting among fathers (SD=3.8); CG-29.3
(SD=3.7)
c. N/A
d. N/A

2 |TT: intention-to-treat analysis ® CAR: continuous abstinence rate ¢ PAR: point abstinence rate 9 CO: carbon oxide ® OR: odds
ratio - Cl: confidence interval 9 SD: standard deviation " RCT: randomised controlled trial " IG: intervention group  CG: control
group ¥ RR: risk ratio
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5.4.2 Long-term effectiveness of mHealth interventions in smoking cessation

It is worth emphasising that this systematic review, as one of the steps in formulating
IPTs, focuses on analysing what affects the long-term effectiveness of mHealth
interventions in smoking cessation. Therefore, the review findings were grouped
under different influencing factors that may have caused the success or failure of
smoking cessation interventions. Due to the inconsistency in methods for assessing
abstinence status, | did not differentiate between self-reported and biochemically
verified ARs in this review, but | have listed them in Table 5.2.

5.4.2.1 Sustained user engagement

User engagement was found to be an important factor that may lead to the success
or failure of smoking cessation interventions (McDonnell et al., 2011, Smit et al.,
2012, Naughton et al., 2014, Smit et al., 2016, Cummins et al., 2016, Harrington et
al., 2016, Baskerville et al., 2018b). Lack of sustained user engagement was one of
the reasons why mHealth interventions were effective in the short term (follow-up
less than six months) but not in the long term. Smit et al. (2012) certified the short-
term effectiveness of mHealth interventions, but the effects were undermined in the
long term. They found that the web-based tailored intervention was effective in
increasing short-term ARs (24-hour, 7-day PAR, and prolonged AR at 6-week follow-
up), but no effect was found at 6-month follow-up (OR value shown in Table 5.3).
The web-based intervention involved asking smokers to set a quit date before the
programme started and providing relevant and personalised online feedback based
on the questionnaire they completed at each follow-up. The questionnaire included
assessments of their intentions to quit, self-efficacy, strategies for relapse
prevention, etc., to comprehensively evaluate the participants' smoking cessation
progress. In this study, only 40% of participants completed the 6-week follow-up
questionnaire, and the completion rate dropped further to 25.9% for the 6-month
follow-up questionnaire. The high attrition rate and low engagement level might have
affected the long-term effectiveness of the intervention and also suggested that
further strategies may be needed to enhance sustained user engagement when

implementing mHealth interventions.
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Compared with Smit et al. (2012), Smit et al. (2016) added another intervention
group, which combined the mHealth intervention and traditional counselling. Both
intervention groups in Smit et al. (2016) utilised the web-based programme that was
employed in Smit et al. (2012), with one group including tailored counselling by
practice nurses (MTC group), while the other did not (MT group). The control group
was provided with smoking cessation guidance, with the intensity varying from brief
advice to intensive counselling sessions with practical nurses. The study found no
significant differences in ARs at either 6-month or 12-month follow-ups (OR value
presented in Table 5.3). One possible reason might be that the frequency of
counselling sessions in the MTC group was too low, offering only one session at the
6-week follow-up and one telephone follow-up at six months. Another potential
reason could be that the intensity of guidance in the control group was too high,
making the comparative effectiveness of the mHealth interventions less apparent.
These two reasons both highlighted the importance of the intensity of mHealth
interventions. Lastly, the web-based intervention only provided feedback letters after
participants filled out the questionnaires at follow-ups rather than offering ongoing
support throughout the smoking cessation process. This indicated the importance of

mHealth interventions in providing intense support to increase user engagement.

Another study also demonstrated that sustained user engagement was an important
indicator of the long-term effectiveness of mHealth interventions in assisting smoking
cessation (Cummins et al., 2016). In Cummins et al. (2016), a pregnancy-specific
proactive counselling intervention was implemented as an intervention for pregnant
women to assist in smoking cessation. The intervention group showed significantly
higher ARs compared to the control group, who received self-help materials only.
The results were consistent across different time points (at the end of pregnancy, 2
months postpartum, and 6 months postpartum). This study verified both the short-
term and long-term effectiveness of the mHealth intervention (statistical data shown
in Table 5.3). The first reason for the success might be the specific counselling
protocol, which was specifically designed for pregnant smokers, involving
pregnancy-related health risks and strategies to manage withdrawal symptoms. This
tailored intervention perfectly matched the target population’s needs, enhancing its
relevance and impact on these smokers. The second reason might be the intense
intervention implemented. The intervention group were provided nine counselling
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sessions, all with counsellors initiating the calls. This intense, tailored intervention

helped maintain the user engagement levels among these pregnant smokers.

When compared with traditional smoking cessation interventions, several studies
found that mHealth interventions were not superior in increasing the long-term ARs
(McDonnell et al., 2011, Harrington et al., 2016, Baskerville et al., 2018b).
Baskerville et al. (2018b) compared the effectiveness of the Crush the Crave (an
evidence-based smoking cessation app) and self-help materials. Crush the Crave
incorporated several features mentioned in Chapter 4, including tracking,
compensation, social support, etc. However, the authors found that Crush the Crave
was less effective than self-help materials (CAR at six months: OR 0.83, 95% ClI
0.59-1.18; 30-day PAR at six months: OR 0.82, 95% CI 0.63-1.08). This finding may
indicate that the Crush the Crave app was not an ideal alternative to printed
materials. The authors analysed that the potential reason could be that self-help
materials received higher user satisfaction and perceived helpfulness because
participants found them more intuitive and straightforward than the Crush the Crave
app. In this study, participants found the app was too complex to use compared with
the printed materials, which resonated with the findings of the first review that ease
of use was an important factor for the success of mHealth interventions (Chapter 4).
This suggested that long-term effectiveness will be negatively affected if mHealth
interventions cannot ensure sustained user engagement because they are not as

easy as traditional interventions.

In Harrington et al. (2016) to examine the effectiveness of an interactive and semi-
tailored web-based smoking cessation intervention, the 30-day PAR at 6-month
follow-up was not different between the intervention group (web-based intervention
plus usual care) and the control group (usual care only) (AR 25.4% (Intervention) vs
26.8% (Control)). This finding indicated that usual care, including bedside advice,
quit plan template, and quitline contact, may act as an intense intervention,
diminishing the apparent additional benefit of the web-based intervention. Another
possible reason could be the low engagement level of the web-based intervention.
Most participants in the intervention group did not actively use the provided online
resources, which could have limited the potential impact of the intervention.
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McDonnell et al. (2011) conducted a study to evaluate the effectiveness of ‘Quitting
is Winning program’. In McDonnell et al. (2011), both the intervention and control
groups received the same content. The difference was that the intervention group
received an online version, while the control group received a printed programme
booklet. Given identical intervention content, this study found no significant
difference in the 30-day ARs at 50-week follow-up between the two groups (OR 0.9,
95% C1 0.6-1.2). A possible reason for this is that the booklet did not require internet
access, making it more accessible and flexible to use. Although no difference in
effectiveness was found between mHealth and traditional intervention groups when
the intervention content was the same, the study found ARs were higher among
participants in the mHealth intervention who completed the online programme
compared with those who did not, highlighting the importance of sustained use

engagement in mHealth interventions.

Interestingly, Naughton et al. (2014) found that the text message-based intervention
was effective in increasing long-term ARs but not short-term ARs. This study
observed no significant difference between the intervention group receiving mHealth
intervention and usual care and the control group receiving usual care alone. For
long-term effectiveness, the OR for 6-month prolonged abstinence at the 6-month
follow-up was 1.81 (95% CI 1.09-3.01), indicating a noteworthy impact of the
mHealth intervention on sustained smoking cessation. The reason might be the
sustained user engagement caused by tailored advice and text messages and
integration with routine smoking cessation support in primary care. In studies that
found that mHealth interventions only had short-term effects and were less effective
in supporting long-term abstinence, maintaining sustained engagement over the long

term was a significant challenge.

5.4.2.2 Boosted motivation to stop smoking

Several studies found the different long-term effectiveness between proactive and
reactive counselling, which may indicate that one of the outcomes of using mHealth
interventions in smoking cessation was increasing motivation to stop smoking.
Abdullah et al. (2005) found that proactive telephone counselling, where counsellors
contacted smokers initially, was effective for helping unmotivated smokers quit at the
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6-month follow-up. This indicated that proactive counselling appeared to boost the
motivation of smokers to stop smoking. The authors compared their results with
another study on reactive counselling and found ARs were higher among proactive
telephone counselling. The reason might be that reactive counselling, in which
smokers initiate the contact, generally attracts smokers who are already motivated to
quit smoking. Therefore, the effectiveness of the intervention in enhancing smokers'

motivation was not as apparent as in proactive counselling.

The finding that unmotivated smokers may benefit more from mHealth interventions
was certified in another included study (Wang et al., 2019). In the study to assess
the effect of a chat-based instant messaging support intervention, Wang et al. (2019)
found that participants who were not motivated to quit within the past 30 days
benefited more from the mHealth intervention. In this study, the focus of the chat-
based intervention was to use acceptance and commitment therapy (ACT) to identify
a value that could help increase the participant's commitment to quitting smoking,
The ACT-based intervention was more effective in participants without a motivator to
quit because it helped them identify and connect with the values that were important
to them, which boosted their motivation to quit.

Another study also confirmed that increased motivation was an important predictor of
the success of mHealth interventions in smoking cessation (Skov-Ettrup et al., 2016).
To compare the effectiveness of proactive telephone counselling, reactive telephone
counselling and internet- and text-message-based intervention with a self-help
booklet for smoking cessation, Skov-Ettrup et al. (2016) only found a significant
difference in the prolonged AR at 12-month follow-up between the proactive
counselling group and the booklet group (OR=2.2, 95% CI 1.2-4.0). No statistically

significant differences were found in other groups.

5.4.2.3 Increased self-efficacy

In addition to increasing ARs, other indicators, including increased self-efficacy, can
also serve as evidence of the effectiveness of mHealth interventions (Abdullah et al.,
2005, Clyde et al., 2017). Included studies also reported these indicators of the
effects of mHealth interventions, regardless of the difference in ARs between the
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intervention group and control group (Brendryen et al., 2008, Brendryen and Kraft,
2008, Schuck et al., 2014, Harrington et al., 2016).

In Harrington et al. (2016) to assess the effectiveness of a semi-tailored web-based
smoking cessation intervention, although no significant difference in long-term ARs
was found between the mHealth intervention group and the control group (statistical
data shown in Table 5.3), this study identified important variables associated with the
success of smoking cessation, including higher self-efficacy level. Harrington et al.
(2016) reported that 45% of continued smokers in the web-based intervention group
became less dependent on smoking, which could be a good sign of moving from an
unmotivated smoker to a motivated smoker. At the same time, the researchers
collected psychosocial factors related to smoking cessation from the participants and
found that those who were confident in quitting had higher smoking cessation rates

at six months.

Brendryen and Kraft (2008) found participants in the mHealth group had higher self-
efficacy after smoking cessation than participants in the control group (IG: mean =
5.10, SD = 1.41; CG: mean = 4.38, SD = 1.31; t379 = 5.18, P < 0.001). In addition, the
mediation analysis was conducted in Brendryen et al. (2008), and the results showed
that participants in the intervention group increased their self-efficacy (Pearson r =
0.54, P<0.001). The increased self-efficacy might be the explanation for the
increased levels of coping planning to manage cravings (Pearson r = 0.32, P<0.001).

5.5 Evidence synthesis of outcomes of using mHealth interventions in
smoking cessation

The long-term effectiveness of mHealth interventions in smoking cessation varied in
this review. Different outcomes that happened to smokers might be responsible for
the heterogeneity in the effectiveness of these interventions. For example, the
differences in the effectiveness of proactive versus reactive counselling highlighted
the effect of mHealth interventions for smokers who initially have low motivation and
increased motivation is frequently noted as a common outcome after the
implementation of these smoking cessation interventions (Abdullah et al., 2005,
Skov-Ettrup et al., 2016, Wang et al., 2019).
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Increased self-efficacy was observed in the mHealth intervention group in the
included studies (Brendryen et al., 2008, Brendryen and Kraft, 2008, Schuck et al.,
2014, Harrington et al., 2016). Although the studies did not provide an explanation
for increased self-efficacy (the underlying mechanism), it can be inferred that
enhanced self-efficacy was one of the outcomes of using mHealth interventions in
the included studies. The first systematic review (Zhang et al., 2023) found that the
tracking feature of smoking cessation apps allowed smokers to understand their
craving patterns better, and the compensation feature displayed progress in quitting
as well as the benefits derived from quitting smoking. These findings suggested that
mHealth interventions potentially can increase self-efficacy by providing insights into
their smoking behaviours and quitting progress, which not only boosted their
confidence in the ability to keep abstinence in the long term but also helped them
more effectively manage high-risk situations encountered during smoking cessation.

In addition, sustained user engagement was an important outcome for the success
of mHealth interventions in smoking cessation (McDonnell et al., 2011, Smit et al.,
2012, Naughton et al., 2014, Smit et al., 2016, Cummins et al., 2016, Harrington et
al., 2016, Baskerville et al., 2018b). Included studies identified that tailored mHealth
intervention and ease of use were linked with sustained user engagement (section
5.3.2.1), thereby increasing the long-term ARs. This finding was consistent with the
first qualitative systematic review (Zhang et al., 2023), which emphasised that
smoking cessation apps that are easy to use and personalised were expected by
smokers. Previous research has found that ease of use and personalisation are
important attributes to improve usability and user experience (O'Brien and Cairns,
2016, Davies and Mueller, 2020). When users find the intervention easy to use, they
are more likely to utilise it effectively, enhancing the overall effectiveness of the
intervention in achieving its intended goals (O'Brien and Cairns, 2016). In addition,
personalisation in mHealth interventions allowed for interventions to be specifically

adapted to the smokers’ unique needs (Davies and Mueller, 2020).

Intensity of intervention is another predictor of sustained user engagement (Chan et
al., 2015, Smit et al., 2016). This finding was also supported by other studies that
found high-frequency text messaging interventions were effective in increasing long-
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term AR (Rodgers et al., 2005, Free et al., 2011, Abroms et al., 2014). For example,
Free et al. (2011) found that a mobile phone-delivered text messaging intervention,
which provided one text message per day for the first five weeks and three
messages per week for the following 26 weeks, was effective in increasing CAR at 6-
month follow-up. In Abroms et al. (2014), participants received five messages on the
quit date. In the first week after the quit date, they received two messages per day.
For the next two months, they continuously received three messages per week. In
this study, the 30-day PAR among the intervention group (a text-messaging
programme) was higher than the control group (Risk ratio 1.57, 95% CI 1.10-2.26).

Overall, the review findings suggested that boosted motivation to quit smoking,
increased self-efficacy, and sustained user engagement were outcomes of using

mHealth interventions in smoking cessation.

5.6 Discussion

This review synthesised the current evidence on the outcomes of using mHealth
interventions in smoking cessation. While the first systematic review identified
common features and characteristics of smoking cessation apps, linking the findings
of this review provided more comprehensive insights on how mHealth interventions
can assist smokers in quitting. The findings of this review supported that different
mHealth smoking cessation interventions showed heterogeneity in long-term
effectiveness. Overall, potential outcomes caused by the use of mHealth
interventions in smoking cessation were sustained user engagement, boosted

motivation, and increased self-efficacy.

Increased motivation to quit was one of the intended outcomes of using mHealth
interventions in smoking cessation, which could be explained by the Protection
Motivation Theory (PMT) (Chapter 2) (Rogers, 1975). PMT provides valuable insight
into how smokers make decisions to stop smoking through a balance of two
cognitive pathways. It emphasises the importance of smoking cessation
interventions incorporating strategies to strengthen smokers’ motivation so they can

adopt protective behaviour (smoking cessation).
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Another intended outcome was increased self-efficacy. Previous research also found
self-efficacy was an important indicator of successful smoking cessation (Gwaltney
et al., 2005, Gwaltney et al., 2009, Yan et al., 2014, Hopkins et al., 2022). For
instance, Gwaltney et al. (2009) found that higher self-efficacy was consistently
associated with greater success in quitting smoking. Similarly, Gwaltney et al. (2005)
found that smokers who reported higher self-efficacy were more likely to quit
smoking and remain abstinent. One potential explanation for the relationship
between self-efficacy and smoking abstinence is that individuals with higher self-
efficacy can cope with the challenges and difficulties associated with quitting
smoking (Gwaltney et al., 2009, Rajani et al., 2021b). For example, they may be
more likely to engage in problem-solving strategies, seek social support, and resist
the temptation to smoke in high-risk situations (Gwaltney et al., 2005).
Transtheoretical Model (TTM) might also support the relationship between self-
efficacy and successful smoking cessation (Chapter 2) (Prochaska and DiClemente,
1982). According to TTM, from the pre-contemplation stage to the termination stage,
a smoker’s self-efficacy gradually increases from 0% to 100% (Prochaska, 2008).
This progression reflects the process of moving from a lack of confidence in their
ability to stop smoking to totally confident in maintaining a new, healthy lifestyle.

To resonate with the first systematic review (Zhang et al., 2023), this review found
personalisation and ease of use play an important role in maintaining user
engagement to assist smokers in stopping smoking in the long term. Although this
review found that user engagement level was an important predictor of the success
of mHealth interventions, it should be noted that counterproductive engagement and
productive disengagement can co-exist during the use of smoking cessation
interventions (Smith et al., 2017). For example, frequent text messages can have
counterproductive effects on smokers by evoking cravings (Schick et al., 2018,
Bendotti et al., 2022, Peiris et al., 2019, Luna-Perejon et al., 2019).

Outcome measurements are crucial aspects of evaluating the effectiveness of
smoking cessation interventions (Cheung et al., 2017). Among the 21 included
studies, only seven studies used a biochemically verified method to assess ARs.
Most studies used self-reported measurements, and the most standard measure was
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self-reported 7-day point ARs. Relying on self-reported abstinence can lead to
overestimation of the intervention effect and reduce the reliability of the study
findings (West, 2005, Cheung et al., 2017). In addition, the paucity of consistency in
outcome measurements across studies made it challenging to compare the results
and draw definitive conclusions about the effectiveness of mHealth interventions.
Therefore, it is crucial for future studies to adhere to a standardised outcome
measurement protocol (Cheung et al., 2017) to facilitate the comparability and

generalizability of study findings.

Several recommendations are provided based on the review findings. Firstly, further
rigorous experimental research that adheres to the standard smoking cessation
outcome measurement protocol (Cheung et al., 2017), should be conducted.
Secondly, although increased user engagement level is one of the intended
outcomes of using mHealth interventions, the relationship between user engagement

level and long-term ARs is still unclear, which needs further research to explore it.

5.7 Strengths and limitations

This review has several strengths, such as the robust search strategy used, multiple
reviewers involved in screening, quality appraisal, data analysis, and following best
practice guidelines, PRISMA, for reporting results. However, some limitations exist in
this review. Firstly, theses, dissertations, and grey literature were excluded for
pragmatic reasons. It is possible that studies that could contribute data to fully
examine the evidence in the outcomes of using mHealth interventions in smoking
cessation might have been missed. Secondly, only studies published in English were
included in this review. Thirdly, most of the included studies were conducted in high-
income countries. Given the cultural and social-economic gaps between high-income

countries and LMICs, the findings of this review may not apply to LMICs.

5.8 Conclusion

This review summarised the outcomes of using mHealth interventions to support
smoking cessation. The findings of this review supported that boosted motivation to
stop smoking, increased self-efficacy, and sustained user engagement are intended
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outcomes of using mHealth interventions to assist smokers in maintaining
abstinence in the long term. These findings were used to formulate IPTs in Chapter
6, section 6.7, together with the findings of the first systematic review and interviews

with Chinese health workers.
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CHAPTER SIX: Interviews with Chinese health workers

6.1 Introduction

This is the third step of formulating IPTs, which involved health workers' interviews to
provide insights into how smoking cessation apps could work for smokers in the
Chinese context. Two systematic reviews have been conducted proceeding this
step, and findings were presented in chapters 4 and 5. This chapter begins by
outlining the participants’ characteristics and presenting themes that emerged from
the interview data. Following this, the findings of the interviews were presented.
Selected quotes were used to illustrate the findings. At the end of this chapter, the
findings of this chapter were brought together with the contexts, mechanisms, and
outcomes identified in Chapters 4 and 5 to construct IPTs in both the

‘if...then...because...” statements and CMOCs.

6.2 Participants characteristics

Six health workers whose roles involved assisting smokers in stopping smoking were
recruited and interviewed. The interviews lasted 35 to 60 minutes. The participants’
details are presented in Table 6.1.

No. Occupation Organisation
1 Nurse Hospital
2 Smoking cessation counselor with Smoking cessation clinic

nursing background

3 Doctor Hospital
4 Doctor Hospital
5 Nurse Hospital
6 Doctor Hospital
Table 6.1 Participants’ details (Health workers)
6.3 Themes

Qualitative interview data were analysed through a combined approach of inductive
and deductive methods (Chapter 3). This meant that | could start with the identified
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contexts, mechanisms, and outcomes, using these assumptions to interpret the data,
ensuring that the research direction and structure aligned with existing theories
(deductive coding). In addition, | also allowed room for coding new ideas and
concepts to be generated from the interview data, gaining new insights and
understandings that were not anticipated before, making the analysis more
comprehensive and in-depth (inductive coding). Overall, three themes emerged from
the analysis. The themes and sub-themes are outlined in Table 6.2.

Themes Sub-themes Approach
e Barriers to smoking e Lack of knowledge Inductive
cessation in China e Lack of motivation

¢ Negative emotions

e Chinese smoking culture

e Perceived benefits of e Positive psychological hints Deductive
smoking cessation apps e Social support
e Worries about smoking Inductive

cessation apps

Table 6.2 Development of themes (Health worker interviews)

6.4 Barriers to smoking cessation in China

This theme describes the challenges faced by Chinese smokers who attempt to quit

smoking in the context of China.

6.4.1 Lack of knowledge

Insufficient knowledge of the risks of smoking was a common barrier faced by
Chinese smokers (Yang et al., 2010b, Yang et al., 2010a, Zhang et al., 2019).
Interview data showed that many Chinese smokers only had a low level of
knowledge that smoking is harmful to health, and they did not recognise the fatal
effects of smoking. For smoking cessation interventions, it is essential to provide
educational knowledge on the risks of smoking to help smokers have a deep and

comprehensive understanding of the risks of smoking.
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“Some patients did not fully understand that smoking is harmful to themselves.”
(Health worker 04, Doctor)

“Apps can educate smokers about the risks of smoking, such as what diseases are
caused by smoking, and among them, which diseases are fatal. It will definitely help
them stop smoking.” (Health worker 04, Doctor)

Health workers shared their experiences encountering smokers who had
misunderstandings about the challenges and outcomes of smoking cessation, so
they chose not to start quitting smoking because of the fear of relapse. This fear
appears to be not substantiated by existing evidence and current guidelines, as
smoking cessation starts to benefit health in the first few minutes (WHO, 2020b), and
relapse is a common part of the quitting process (Marlatt and Gordon, 1985).
Therefore, any interventions or programmes that aim to assist smokers to stop
smoking should provide information about the benefits of quitting through education

and reduce the psychological burden caused by relapse.

“Some Chinese smokers have a misunderstanding about the quitting process. They
worry that if they fail and relapse, it might cause even more harm to their body, so

they choose not to start quitting.” (Health worker 03, Doctor)

The self-exempting beliefs caused by this lack of knowledge are common among
Chinese smokers (Chapter 2). For example, believing that the negative
consequences of smoking will not happen to themselves is a common self-
exempting belief. Health workers mentioned that they often met smokers who had
the self-exempting belief that smoking was not necessarily linked with getting severe
diseases. They thought they would be the lucky ones who escaped from developing

smoking-induced diseases.
“They will think that ‘| have smoked for so many years without getting any diseases,

so smoking will not cause any harm to me. Why shall | stop smoking?” (Health

worker 04, Doctor)
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The importance of having a strong understanding of the risks of smoking was
emphasised by health workers. From the health workers’ point of view, if smokers
have a strong knowledge base of the harmful risks of smoking, which can lead to
severe diseases, they can be motivated to stop smoking. In other words, this
motivation would come from within themselves rather than being forced to stop
smoking by their family members or health workers.

“When they understand what smoking has brought to them, stopping smoking can be
a natural thing to happen. They do not need to ‘inhibit’ the cravings or to ‘overcome’
the difficulty in smoking cessation.” (Health worker 02, Smoking cessation clinic staff)

6.4.2 Lack of motivation

Motivation is the prerequisite for making the decision to stop smoking due to the
addictive nature of tobacco use (Rogers, 1975). Interview data showed that health
workers held the belief that if smokers lacked the motivation to quit, any smoking
cessation interventions would be less likely to be effective. This was because if the
smokers were not motivated to quit, they may not actively engage with the provided
tools. For example, a health worker mentioned that even if he suggested recording

each relapse, smokers who lacked the motivation to quit still ignored this advice.

‘I often advised patients to stop smoking and record each relapse, but if they were
not motivated to quit smoking, they would not record it even if they relapsed. They
just avoided recording and will not let me know that they have relapsed.” (Health
worker 05, Nurse)

Health workers believed motivation was the driving force that prompted smokers to
quit and stay abstinent. When smokers lack motivation, they might find it difficult to
resist temptation. For example, a health worker mentioned that even in a strictly non-
smoking environment like hospitals, unmotivated smokers will smoke secretly. This

indicates that enhancing motivation is crucial in helping smokers quit.
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“Smoking is strictly forbidden in the hospital, but patients will smoke in the toilets or
on the balcony secretly...They were not motivated enough.” (Health worker 05,
Nurse)

Health workers noted that smokers who sought help to quit may have different
motivators. When asked how to support patients in quitting, one of the health
workers mentioned focusing on their motivation and tailoring the support based on

their specific reasons for quitting.

“When patients wanted to quit smoking and seek our help, we first conducted a
comprehensive assessment, such as the tobacco dependence level and their main
motivations for quitting. We then provided personalised support based on their
motivations. For example, a patient told us he wanted to quit because his wife was
pregnant. During subsequent telephone follow-ups, we would repeatedly emphasise
the harms of secondhand smoke to pregnant women and their fetus.” (Health worker
01, Nurse)

Overall, motivation is essential for smokers to make the decision to start quitting
smoking and successfully resist cravings. Interview data highlighted that without
sufficient motivation, smokers are unlikely to engage in smoking cessation
interventions effectively. Health workers also emphasised the importance of
identifying smokers’ motivations for quitting and providing tailored smoking cessation
support.

6.4.3 Negative emotions

Nearly all health workers believed that having negative emotions could be one of the
barriers to smoking cessation. Stress from work, anxiety, or other negative emotions
could lead to relapse during smoking cessation. Helping smokers alleviate the
negative emotions experienced is crucial during the quitting process. As smokers
may rely on smoking to cope with adverse emotions in everyday life, health workers
highlighted that smoking cessation interventions need to provide alternative ways to

help them handle these emotions rather than relying on smoking.
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“Chinese smokers are experiencing massive stress. They need smoking to relieve

their pressure.” (Health worker 02, Smoking cessation clinic staff)

“Engaging in other activities can alleviate negative emotions. For example,
exercising, eating something they enjoy. This is what smoking cessation intervention
could suggest smokers to do.” (Health worker 06, Doctor)

Additionally, negative emotions, including anxiety and irritability, may arise during the
start of smoking cessation (CDC, 2022). Health workers indicated that smoking
cessation interventions should educate smokers that these reactions are normal,
thereby helping smokers better understand and accept the challenges of the quitting

process.

“Apps could have different information regarding the withdrawal symptoms such as
the negative emotions, especially for the first two weeks...Smokers will be more

knowledgeable and prepared for these symptoms.” (Health worker 03, Doctor)

Overall, experiencing negative emotions is a significant barrier for Chinese smokers
to stop smoking. Therefore, smoking cessation interventions could employ strategies
to help smokers distract from these negative emotions or educate them that
experiencing negative emotions during the early stage of smoking cessation is

normal.

6.4.4 Chinese smoking culture

The last-mentioned barrier is the unique smoking culture in China (Chapter 2). In
China, smoking is a normal and widely accepted socialising way, and the sharing
and gifting culture is still widespread in Chinese society (Barnett et al., 2022).

Smoking is regarded as a way to show kindness or build relationships, making it

challenging for Chinese smokers to decline such offers.

“‘Many patients said exchanging cigarettes is unavoidable in some social situations,
as it is a form of social form in China.” (Health worker 01, Nurse)

146



Health worker interview data showed that offering a cigarette becomes a way to
express kindness among Chinese smokers. Due to this culture, Chinese smokers
often face situations where they feel obligated to accept cigarettes offered by others.
In addition, health workers explained that their patients’ decisions about smoking
cessation might not be understood and supported by other smoking peers in real life.
To make things worse, since smoking is a way to show masculinity in China, a male
smoker who rejects a cigarette offered by others may be seen as ‘feminine’, which
not only undermines the smoker’s self-esteem but also reinforces the societal
acceptance of smoking, making it harder to quit. This social pressure will deter
Chinese smokers from pursuing their goal to stop smoking due to fear of social

isolation or judgment.

“In traditional Chinese culture, showing kindness through words can be difficult.
Sometimes, offering a cigarette can be a way to show kindness. Chinese smokers
will face lots of situations where they have to accept the cigarettes offered by
others...If one smoker says he stops smoking, then his friends who used to smoke
with him will laugh at him, saying he is feminine or something like that.” (Health

worker 02, Smoking cessation clinic staff)

“In China, smoking is a way of socialising.... you know, if you stop smoking, you will
be alienated from other people.” (Health worker 03, Doctor)

The deep-rooted smoking culture in China, where smoking is regarded as a social
way to show kindness and masculinity, is a huge challenge for smokers to stop
smoking (Barnett et al., 2022). Based on this, Chinese smokers may need a more
supportive environment to promote smoking cessation. Being in a social environment
where everyone supports each other's decision to quit and where 'no smoking' is

recognised as the new social norm can be highly beneficial for smokers trying to quit.

6.5 Perceived benefits of smoking cessation apps

This theme describes what benefits Chinese smokers can get from using smoking

cessation apps, based on health workers’ views.
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6.5.1 Positive psychological hints

The interview data echoed the findings of the two systematic reviews (Chapters 4
and 5) that smoking cessation apps can offer cognitive support by incorporating
positive psychological hints that reinforce smokers' motivation to quit. When viewing
the quitting progress and health gains within apps, smokers will be more motivated

to remain abstinent and become more confident to stop smoking.

When asked about the expected app functions, health workers suggested that
smoking cessation apps could send regular reports highlighting positive changes,
such as celebrating milestones, showing the health benefits they get since smoking
cessation starts, and reminding smokers that their efforts are being paid off. This
positive feedback can motivate smokers to keep abstinent.

“Sending them a weekly or monthly report showing the abstinent days and health
gains. They will know their health is improving because of smoking cessation, which
is motivating for smokers.” (Health worker 03, Doctor)

Additionally, another health worker believed that smoking cessation apps could
integrate the feature of setting a quit date and calculating the number of smoke-free
days based on that date. Tracking smoke-free days can not only help smokers track
their quitting progress but also enhance their self-efficacy. Thus, smokers will be
more confident in their ability to stop smoking successfully.

“Apps have the function of checking in on smoke-free days. Smokers can set a quit
date, and apps calculate the abstinent days based on the quit date. They will be
more confident in their ability to resist cravings and stay abstinent’ (Health worker
01, Nurse)

Health workers also believed that providing virtual rewards, such as a virtual medal
to celebrate milestones, can offer immediate positive feedback to smokers. This
positive feedback can be another psychological hint for smokers. Smoking cessation
is a process that requires prolonged efforts, and its benefits may not be immediately

apparent. However, providing virtual rewards to celebrate each small step can be
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motivating to smokers since they can get instant feedback on the benefits of smoking

cessation.

“Providing virtual rewards is beneficial because smokers can see their improvements
and achievements. It takes a long time for the benefits of smoking cessation to be
seen. However, providing a virtual medal to celebrate milestones, such as keeping
smoking cessation for one month, would be significant to smokers.” (Health worker
05, Nurse)

Overall, interview data revealed the health workers’ perceptions that smoking
cessation apps can be effective by providing positive psychological hints that
enhance smokers' motivation to quit and make them more confident about keeping
abstinent. App features that show quitting progress and health gains and provide
virtual rewards, which make the change visible, can be helpful for Chinese smokers.

6.5.2 Social support

According to health workers, providing social support, including emotional support
and informational support, is an important function of smoking cessation apps.
Interview data also echoed the findings of the two systematic reviews that smoking
cessation apps can provide social platforms for smokers to share experiences with
others. | have explained in Section 6.4.4 that the distinct smoking culture in China
causes a scarcity of social support from social circles in real life, making the smoking
cessation journey particularly challenging. The advantage of the social platform
within smoking cessation apps lies in all members sharing the goal of quitting
smoking. This collective endeavour makes them more easily understand the
challenges encountered during the quitting process and enables them to offer
empathy and emotional support (Westmaas et al., 2010).

Health workers expressed that in a social group with the common goal of quitting
smoking, smokers can support each other, knowing that they are not facing the
challenge alone but have other peers showing understanding and empathy. This
emotional social support reduces the feeling of loneliness during the smoking
cessation process.
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‘I think that people in the smoking cessation group can understand the challenges
and difficulties of quitting smoking. When smokers share their feelings in the group,
others will tell them they have also gone through the same process and encourage
them to keep going.” (Health worker 04, Doctor)

“Several smokers who were in the same group encouraged each other to stop
smoking and shared what positive changes had happened to them due to smoking
cessation.” (Health worker 01, Nurse)

Another form of social support is obtaining information related to quitting smoking
from other quitters. Informational social support can take the form of sharing

experiences of smoking cessation, which allows them to learn from each other.

“Smokers also exchanged tips for controlling their cravings in the group. | remember
a smoker once said that when he had the urge to smoke, he would do some
exercise... There was a smoker once mentioned that distracting themselves from

cravings through deep breaths or playing games.” (Health worker 01, Nurse)

In addition, health workers held the view that successful quitters may act as role
models to motivate other smokers. As role models, successful quitters can display
their achievements, and it can convey the belief that quitting smoking is achievable.
The positive example can boost smokers’ confidence and motivation to quit smoking.

“Successful quitters can share their experiences with other smokers...they are role
models, and people can follow their footprints.” (Health worker 03, Doctor)

Lastly, health workers mentioned that social support can also come from smokers
who have relapsed through sharing their failure experience to alert others. Sharing
the relapse reasons can be a reminder of high-risk situations so other smokers can
keep constant vigilance for these situations. Furthermore, through sharing the regret
feelings, smokers can be more determined to remain abstinent to avoid the same

regrets.
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“Smokers can learn from both successful and failed experiences...Relapsed people
can share their experience so other smokers can be vigilant to cravings.” (Health

worker 06, Nurse)

To summarise, smoking cessation apps can provide a social platform where all
members can engage in mutual encouragement and share successful and failed
experiences. This social group is essential in providing social support for smokers
who need it. This supportive social group not only provides emotional support,
making the smoking cessation journey less lonely and providing encouragement to
smokers, but also provides informational support that increases smokers’ confidence

and motivation to quit smoking.

6.6 Concerns about smoking cessation apps

This theme includes health workers' concerns about using smoking cessation apps
and their opinions on which aspects of these interventions could be improved to
strengthen the effects. Although health workers recognised the advantages of using
mobile technology in health fields, they were skeptical about the effectiveness of
smoking cessation apps due to their applicability, ease of use, sustainability, and
proper app management.

All interviewed health workers had an overall impression that mHealth interventions,
including smoking cessation apps, were portable and convenient to use without
geographic restrictions.

“‘Mobile interventions in health fields, such as smoking cessation, are very portable

and convenient.” (Health worker 01, Nurse)

“One of the advantages of smoking cessation apps is the convenience. Smokers can

use it whenever, at anytime, and anywhere.” (Health worker 04, Doctor)

However, when asked whether they were optimistic about the effectiveness of
smoking cessation apps, they held a conservative attitude, neither believing nor

denying the potential of employing smoking cessation apps as an effective
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intervention. The first issue they were concerned about was the applicability of
smoking cessation apps. One health worker explained that smoking cessation apps
may work for young people who are familiar with mobile apps. For those who are not
good at using mobile apps, they will be less likely to choose to use smoking

cessation apps.

“Whether smoking cessation apps can work depends on the user population. For
example, a smoker aged thirty who is familiar with mobile technology may use
smoking cessation apps, but smokers aged over fifty are not even familiar with

mobile apps.” (Health worker 06, Doctor)

One health worker noted that smoking cessation apps may not be effective if they
are not intuitive and easy to use. This finding echoed the findings of the two
systematic reviews, which found that ease of use is an important attribute of smoking

cessation apps (Chapters 4 and 5).

“Smoking cessation apps are not very easy and intuitive to use sometimes, so some
patients are confused to use them... Compared with a simple smoking cessation
booklet, apps are complex interventions.” (Health worker 01, Nurse)

Another health worker’s concern was the sustainability of smoking cessation apps.
One health worker shared the experience of being part of a research team
developing a smoking cessation app. They mentioned that the smoking cessation
app designed by the research team was not sustainable due to the lack of funding
and human resources, so the smokers included in the research project relapsed but
could not get support from the intervention or the research team anymore.

“We designed a smoking cessation app in a funded project and provided free follow-
ups and pulmonary function checks for smokers included in the research project, but
you know... due to the limited funding and resources, the intervention was not

sustainable when the project finished.” (Health worker 01, Nurse)

The sustainability of smoking cessation apps is crucial because smoking cessation
requires long-term persistence (Livingstone-Banks et al., 2019). Health workers
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believed that smokers could still have cravings even when physical withdrawal
symptoms have gone since smoking has been integral to daily life. To successfully
stop smoking, smokers need to change their previous smoking habits and form new
behavioural patterns, such as recording the number of abstinence days within apps.
Therefore, smoking cessation apps must be sustainable to operate, providing
ongoing assistance to help smokers achieve their quitting goals.

“Even when doctors prescribed some smoking cessation medication to them to
overcome the withdrawal symptoms, they still have cravings because smoking is an
acquired habit...It takes a long time to recover from tobacco addiction, so smoking
cessation apps must provide sustainable support.” (Health worker 01, Nurse)

“During the use of smoking cessation apps, keeping using the app to record
progress could become a new habit, which could promote smoking cessation.”
(Health worker 02, Smoking cessation clinic staff)

This health worker suggested that generating income through advertisements could
be one solution for the sustainability of smoking cessation apps. However, it was
emphasised that the advertisements should be relevant to smoking cessation.

Otherwise, they can have a negative impact on user experience.

“‘Advertisements are the funding sources of smoking cessation apps as long as they
are relevant to smoking cessation. Irrelevant advertisements may cause users to
question the app’s professionalism and credibility, especially in health-related apps.”
(Health worker 01, Nurse)

Overall, health workers acknowledged the portability and convenience of smoking
cessation apps. However, they expressed concerns about the applicability, ease of

use, and sustainability. Inputting relevant advertisements could be beneficial to

provide sustainable funding without sacrificing user experience.

6.7 Four initial programme theories
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Based on the findings of two systematic reviews and the health worker interview

findings, different contexts, mechanisms, and outcomes were identified, using

abductive thinking to formulate IPTs. Following the two systematic reviews and

interviews with six Chinese health workers, four IPTs were developed with their

corresponding CMOCs (Table 6.3). These IPTs are related to 1) boosting motivation

and self-efficacy, 2) social support, 3) relapse prevention skills, and 4) sustained

user engagement.

Programme | Contexts Mechanisms Outcomes
theory
1. boosting | Smokers are not M1: Engage with app features that O1: Boosted
motivation motivated to stop provide visualisation of quitting motivation to quit
and self- smoking or lack progress, health benefits, financial smoking and self-
efficacy confidence in successful | savings, and virtual rewards and efficacy increases
smoking cessation smokers gain a sense of
achievement
M2: Engage with app features that
educate them on the benefits of ©2: Boosted
smoking cessation and the risks of motivation to quit
smoking. Smokers know smoking smoking
cessation is good for themselves
2. Social Smokers lack social M1: Engage with the social support O1: Smokers feel
support support and seek it from | features within apps to connect with | being supported in

other quitting peers

within apps

other quitters and feel being

understood

M2: Engage with the social support
features within apps and learn
experience from successful quitters

and build capacity

smoking cessation

02: Smokers
become more
confident to stop

smoking
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M3: Engage with the social support

features within apps and learn from 0O3: Reduced
relapsed smokers and become relapse
vigilant to high-risk situations
3. Relapse | Smokers find it difficult M1: Engage with features to find tips | O1: Smokers
prevention to resist cravings to cope with or distract them from become more
cravings and become more skilled in | confident to resist
resisting cravings cravings
M2: Engage with app features to
record their cravings and become ©2: Reduced
clearer on their craving patterns, so craving triggers
smokers become more prepared to
high-risk situations
4. Sustained | Apps consider user M1: Users find the app more O1: Sustained user
user privacy and security, appealing and reliable and enjoy engagement
engagement | employ an easy and using the app

intuitive operation
system, maximise
personalisation and
interactivity, provide
multiple modalities, and
keep the apps highly
relevant to smoking
cessation to ensure
sustained user

engagement

Table 6.3 IPTs in CMOCs

6.7.1 IPT 1: Boosting motivation and self-efficacy

The findings of the 2" systematic review indicated that increased motivation and

self-efficacy are two intended outcomes of using smoking cessation apps. According
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to the 15t systematic review results, smokers preferred to receive positive
reinforcements over negative ones. App features displaying quitting progress, such
as abstinence days, and benefits of smoking cessation, such as health gains,
financial savings, and virtual rewards, can be effective in boosting smokers’
motivation and self-efficacy. This finding was complemented by the interview data,
which showed that lacking knowledge of the risks of smoking and the benefits of

smoking cessation will demotivate smokers from stopping smoking.

This IPT was formulated using the ‘if...then...because’ statement:

“If smokers are not motivated to stop smoking or lack confidence to stop smoking
(C), they are likely to engage with app features that provide visualisation of quitting
progress, health benefits, financial savings, virtual rewards and educate them the
benefits of smoking cessation and the risks of smoking (M), then smokers will be
more motivated to stop smoking and more confident to stop smoking (O) because
they gain a sense of achievements and understand smoking cessation is beneficial
to them (M).”

6.7.2 IPT 2: social support

Based on the findings of the 15! systematic review and interviews with health
workers, providing social support feature is important because it enables smokers to
connect with other quitting peers who can easily understand and empathise with
them. In addition, interview findings also indicated another potential mechanism,
which was that smokers learn from successful and failed quitters.

This IPT was formulated using the ‘if...then...because’ statement:

If smokers lack social support and seek it from other quitting peers (C), they will
engage with the social support features within apps to connect with other quitters
and learn from both successful and failed quitters (M), then they will become more
confident in smoking cessation and feel supported, which may reduce the risk of
relapsing (O) because they build capacity and become vigilant to relapses (M).
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6.7.3 IPT 3: relapse prevention

According to the findings of the 15! systematic review, the relevant app features to
prevent relapse could be the education, tracking, and distraction features. The
education feature provides practical skills to cope with cravings. The distraction
feature provides various tips to distract smokers from cravings. Furthermore, the
tracking feature enables smokers to record their cravings within apps so smokers will
be more aware of their craving patterns. The interview data with health workers
indicated that one of the barriers to smoking cessation is that Chinese smokers

experience negative emotions.

This IPT was formulated using the ‘if...then...because’ statement:

If smokers find it difficult to resist cravings (C), they will engage with smoking
cessation apps to find tips to cope with or distract them from cravings and record
their cravings (M), then smokers could be more confident in preventing relapse and
craving triggers will reduce (O) because they become more skilled in managing
cravings and more aware of their craving patterns (M).

6.7.4 IPT 4: sustained user engagement

The findings of the 2" systematic review indicated that sustained user engagement
is an important indicator of the success of smoking cessation apps. Therefore,
sustained user engagement is one of the intended outcomes when engaging with
smoking cessation apps. The 15t systematic review found smokers expected
smoking cessation apps to be easy to use, provide personalised support and
multiple modalities, increase interactivity, and consider user privacy and security. In
addition, health worker interview data also indicates the importance of keeping the
apps easy to use and making apps highly relevant to smoking cessation.

This IPT was formulated using the ‘if...then...because’ statement:

If smoking cessation apps consider user privacy and security, employ an easy and

intuitive operation system, maximise personalisation and interactivity, provide
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multiple modalities, and keep apps highly relevant to smoking cessation(C), then
sustained user engagement will be achieved (O), because users find the app more

appealing and reliable and enjoy using the app (M).

6.8 Summary

This chapter first presents findings from the interviews with Chinese health workers.
Overall, Chinese smokers face barriers when they want to stop smoking due to a
lack of knowledge, lack of motivation, negative emotions, and the specific smoking
culture in China. In terms of the perceived usefulness of smoking cessation apps,
health workers believed that these apps could provide positive psychological hints
and social support, which was consistent with the findings of two systematic reviews.
Regarding the effectiveness of smoking cessation, health workers were sceptical
about it due to concerns about ease of use and sustainability. The interview findings
were used to complement the two systematic reviews, and finally, four IPTs were
formulated to drive the following stages of the research. In the following chapters, |

will present how the IPTs were tested and refined using interviews with smokers.
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CHAPTER SEVEN: Testing of programme theories

7.1 Introduction

This chapter presents the qualitative data analysis findings of smoker interviews that
were used to test the IPTs. Testing at this stage involved interrogating the data
based on the contexts, mechanisms and outcomes within IPTs from the perspective

of smokers who have used smoking cessation apps to support their smoking

cessation journey. The findings presented in this chapter will further be refined into

CMOCs to enhance the understanding of how smoking cessation apps work and

presented in Chapter 8.

7.2 Participants characteristics

Semi-structured interviews were conducted with 24 Chinese smokers who have used

smoking cessation apps before. The recruitment of smokers was via social media

platforms and the interviews were conducted using WeChat. Table 7.1 shows

participants’ characteristics, including age, gender, education level, occupation, and

the app name. The interview duration ranged from 40 to 80 minutes.

No. | Age | Gender | Education level Occupation App names

1 36 Male Bachelor’'s degree Computer science engineer Smoking Cessation Army
2 31 Male College diploma Self-employed Smoking Cessation Army
3 21 Male Bachelor’'s degree Student (software engineering) iHabit

4 25 | Male Bachelor’'s degree Travel consultant 3 Krystal Smoking Cessation
5 23 Female | College diploma Sales Smoking Cessation Army
6 27 | Male Bachelor’'s degree Automotive engineering Smoking Cessation Army
7 28 | Male Master’s degree Teacher Smoking Cessation Army
8 39 Female | Bachelor’s degree Sales Smoking Cessation Army
9 45 | Male Master’s degree Civil servant Smoking Cessation Army
10 | 26 Male College diploma Graphic designer Quit Smoking Tool

11 |29 | Male Bachelor’'s degree Finance Smoking Cessation Army
12 | 27 Female | College diploma Sales Smoking Cessation Army
13 | 24 Male High school Sales Smoking Cessation Army
14 | 35 Female | College diploma Civil servant Smoking Cessation Army
15 | 33 Male Bachelor’'s degree Self-employed Smoking Cessation Army
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16 | 25 Female | Bachelor’s degree Electrical engineer Smoking Cessation Army
17 | 30 | Male Master’s degree Civil servant Smoking Cessation Army
18 | 29 Male College diploma User interface designer Smoking Cessation Army
19 | 25 | Male Bachelor’'s degree Fitness coach Smoking Cessation Expert
20 | 27 | Male College diploma Marine engineering No Tobacco
21 |25 Female | Bachelor’s degree Sales Quit Smoking
22 |24 Male Bachelor’'s degree Web operations specialist Smoking Cessation Army
23 | 33 | Male College diploma Sales Smoking Cessation Army
24 | 25 Male High school Photographer No Tobacco
Table 7.1 Participants characteristics (smokers)
7.3 Themes

Themes were developed using the hybrid approach of inductive and deductive

coding (Chapter 3). Both deductive themes and inductive themes were identified.

Ten major themes emerged from the interview data, and eight of them were

identified deductively based on findings of previous chapters (Chapters 4, 5, 6).

Notably, some codes identified inductively were integrated into related deductive

themes, which were then regarded as derived deductively. For example, when the

subtheme ‘extrinsic motivation’ was identified from interview data, it was categorised

into the broader theme ‘motivations to smoking cessation’. Since ‘motivations to

smoking cessation’ was a deductively identified theme, all its subthemes were

regarded as being identified deductively. All identified themes and sub-themes are

shown in Table 7.2.

Selected quotes were used to illustrate themes. Each quote is followed in

parentheses by the interviewee's gender and the smoking cessation app they used.

Gender reflects the impact of diverse social norms and expectations on smoking as

a gender-differentiated social behaviour. App names are included to account for the

varied functions and characteristics of the smoking cessation apps utilised by the

interviewees.

Themes

Sub-themes

Approach
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1. Motivations to stop 1.1 Extrinsic motivation Deductive

smoking e 1.2 Intrinsic motivation
e 1.3 Transformation from extrinsic

motivation to intrinsic motivation

2. Perceived usefulness Inductive
3. Self-efficacy Deductive
4. Social isolation e 4.1 Social stigma Deductive

e 4.2 Lack of support from people in real

life

5. Social support e 5.1 Emotional support Deductive
¢ 5.2 Informational support

e 5.3 Sense of healthy competition

6. Disengagement with social Inductive
functions

7. Education on withdrawal Deductive
symptoms

8. Withdrawal symptoms Deductive
recording

9. Usability e 9.1 Ease of use Deductive

o 9.2 Multiple modalities
e 9.3 Visual design

10. User experience e 10.1 User privacy Deductive
e 10.2 Record keeping

e 10.3 Advertising and membership fees
e 10.4 Gamification

e 10.5 Personalisation

Table 7.2 Themes and subthemes (smoker interviews)

7.4 Theme 1: Motivations to stop smoking

Motivations to stop smoking relate to both the driving force that pushes smokers to
change their smoking behaviour and the strengthening of their desire to do so. It can

be intrinsic or extrinsic, which reflects the origins of the desire to change smoking
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behaviour (Morris et al., 2022). Intrinsic motivation refers to the internal forces
behind individuals’ behaviours (Larson and Rusk, 2011), such as the consideration
of health. Conversely, extrinsic motivation comes from external factors, such as

rewards, short-term goals, etc. (Morris et al., 2022).

In this study, smoking cessation apps could employ different strategies to improve
extrinsic motivation. However, interview data showed that extrinsic motivation
provided by apps may decrease with time. Therefore, apps should also employ
strategies to enhance smokers’ health awareness, understanding of the risks of
smoking, and desire for a smoke-free life to promote their intrinsic motivation. In the
short term, extrinsic motivation can enhance user engagement levels to help
smokers stop smoking, but in the long term, increasing intrinsic motivation is the key
factor for sustained smoking cessation behaviour (Deci and Ryan, 2012a).

Interview data showed that having enough motivation, intrinsically or extrinsically, is
the prerequisite for successful smoking cessation and relapse prevention because
motivation directly affects smokers’ decision-making and behaviours. Therefore,
emphasising and nurturing sufficient motivation, intrinsically or extrinsically, to quit
smoking is highly important for smokers to make the decision to start smoking

cessation.

An interviewee mentioned that before making the decision to quit smoking, there
must be enough motivation to drive them to quit. He held the belief that smoking
cessation is an active undertaking that will not happen naturally but has to be driven

by some motivations.

‘I feel that quitting smoking is not something | want to do without any reasons. | think
it should be active action out of some motivations...l believed that smoking has no
benefits for me and it harmed my health. This was why | wanted to quit.” (Interviewee
22, Male, Smoking Cessation Army)

Before smokers make the decision to quit smoking, they must have some initial
motivation that prompts them to change their smoking behaviour, regardless of the
withdrawal symptoms (Buczkowski et al., 2014). Without these initial motivations, it is
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difficult for smokers even to consider quitting (Hunt, 2017). Before deciding to quit
smoking, motivation is crucial for determining whether to quit and whether to
maintain abstinence. When motivation is strong and sufficient, the scales tip towards
the benefits of quitting, enabling them to make a determined decision to quit and
maintain abstinence (Buczkowski et al., 2014).

“We don't know when cravings will strike, so it's helpful to read articles on the
benefits of quitting smoking. These articles can strengthen motivations by explaining
how life improves after quitting smoking. They help us build the determination to
maintain abstinence. For example, thinking about how our health will improve after
quitting or understanding the negative consequences of smoking can motivate us to

stay committed.” (Interviewee 24, Male, No Tobacco)

Interview data showed that smoking cessation apps can serve as supplementary
tools to assist motivated smokers in quitting. The relationship between app usage
and quitting smoking is that when smokers are motivated to quit, they choose to use
the app, and subsequently, the app can strategically assist them in quitting (Kruse,
2019). Conversely, smokers will not effectively use the app if they are not motivated
to stop smoking.

“It's better to start quitting when you are motivated to quit by yourself. Then, you
make a firm decision and combine it with the methods from these apps to quit
smoking.” (Interviewee 11, Male, Smoking Cessation Army)

“The smoking cessation app primarily serves as a supplementary tool. Using this app
alone won’t make you want to quit smoking. It's not this causal relationship. It is
because | want to quit smoking that’s why | choose to use this app.” (Interviewee 15,

Male, Smoking Cessation Army)

On the contrary, if a smoker is not motivated to stop smoking but still download and
use the app, their engagement could be counterproductive (Smith et al., 2017). An
interviewee emphasised that apps would have a counterproductive effect on
smokers who lacked sufficient motivation to stop smoking or decided to quit due to
external pressures. Therefore, being motivated to stop smoking is one of the
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prerequisites of using the app and effective user engagement. However, smokers
can still download the app out of external pressure, for example, pushed by their
family members. In this case, user engagement with apps could be
counterproductive. For example, if a smoker is not motivated to quit or decides to
quit under pressure, some app functions, such as sending

repeated reminders, may cause them annoyance, thus affecting the outcomes of
their smoking cessation efforts.

“Indeed, for a smoker who doesn't seem very motivated to quit and may have
hesitations or is being pressured by family and friends to quit, it's a different situation.
They may lack self-discipline and may inherently resist the idea of quitting. They
might feel unsure of their ability to succeed and may even find quitting unpleasant.
Constant reminders to quit can be irritating.” (Interviewee 16, Female, Smoking

Cessation Army)

Given the importance of motivation of smokers in quitting smoking, smoking
cessation apps as a supplementary tool, can nurture both intrinsic and extrinsic
motivation of smokers to maintain abstinence. However, which app functions
smokers will be interested in and engaged in depends on their initial motivations. For
example, smokers who decide to stop smoking out of health reasons may engage
more with the health recovery overview. Meanwhile, smokers who decide to stop
smoking out for financial reasons may care about the financial saving function. When

app features closely match user needs, their motivations will increase.

‘I feel like... app features should align with what users want or care about. For
example. | remember the app told me that smoking accelerated the aging of the skin,
which deeply affected me because | care much about my appearance. | used to think
that smoking only harmed the lungs or the respiratory tract.” (Interviewee 16,

Female, Smoking Cessation Army)

Previous literature indicated that self-health is the most frequently mentioned
motivation to smoking cessation (Martins et al., 2021). Providing information that
highlights the health benefits of smoking cessation also aligns with smokers’ needs
(Bendoatti et al., 2022). The current study also found that among the motivations for
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smoking cessation, improving health conditions is the motivation mentioned by all

interviewees.

“The motivation to quit smoking... | felt | cannot continue smoking like this anymore...
it's bad for my health... the motivation related to physical health is quite apparent.”
(Interviewee 15, Male, Smoking Cessation Army)

Another motivation mentioned by interviewees was financial incentives, such as
saving money to buy something important to them. A financial incentive is effective in
boosting general smokers’ smoking cessation motivation (Sigmon and Patrick,
2012). An interviewee mentioned that he decided to quit smoking to save some
unnecessary costs. Thus, he appreciated the app function that showed how much
money had been saved.

‘I just want to cut some unnecessary expenses. | spend money on daily meals,
transportation, and housing, but smoking leads to some extra costs, so | want to
avoid those expenses, which is why | want to quit smoking... The app displays how
much money I've saved and how long I've been smoke-free... When | see that I've
saved a significant amount of money, | feel quite satisfied that I'm not wasting money

on smoking.” (Interviewee 10, Male, Quit Smoking Tool)

However, showing financial savings within an app feature is not motivating for
everyone, especially those who did not stop smoking for financial reasons. An
interviewee denied getting motivated by viewing the saved money because the cost
of cigarettes is not an issue for her, and she questioned whether the financial saving

function is vital.

"Because the brand of cigarettes | smoke, Yuxi, is not expensive — it costs 23 yuan
per pack, and | don't smoke a lot so the money-saving aspect of the app doesn't feel
as satisfying... if the cigarettes | smoke are relatively expensive, and | smoke one or
two packs a day, the money-saving will be significant in this regard." (Interviewee 8,

Female, Smoking Cessation Army)
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Overall, motivated smokers can effectively engage with smoking cessation apps.
However, whether a specific app feature will be effective depends on its alignment

with user needs.

7.4.1 Subtheme 1.1 Extrinsic motivation

Smoking cessation apps employ various strategies to enhance smokers' extrinsic
motivations. For example, most apps include a feature that allows users to 'check in'
daily to log their smoke-free days. Based on the recorded days of abstinence, the
app displays their health recovery status, such as blood oxygen levels, and shows
the financial savings achieved. In addition, the Smoking Cessation Army app
employs a specific military rank system to motivate smokers to achieve higher ranks
through checking in more abstinence days. This rank system serves as a reward
mechanism for the smokers’ achievements of maintaining abstinence, thus
reinforcing their motivation externally. The daily check-in function and the military
rank system were appreciated by most interviewees, motivating them to achieve the

goal of getting promoted in the military rank system.

“‘Another motivating aspect of the app is the military rank system it employs. As time
progresses, my rank increases, and currently, | hold the rank of a commander. This
sense of achievement and progress further motivates me to keep abstinence.”

(Interviewee 13, Male, Smoking Cessation Army)

“Sometimes, it's actually just about giving me a sense of achievement. | feel I've
done a great job because | can quit smoking. Having checked-in for so many days,

it's all about having this mindset.” (Interviewee 7, Male, Smoking Cessation Army)

Another extrinsic motivation that apps can provide through viewing abstinence days
is the previous efforts that have been put into smoking cessation. Viewing the
abstinence days also reminds smokers of how much effort they have made, so they
are reluctant to give up the achievements.
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“Once you start using the app, if you relapse, you'll lose all the progress you've made
up to that point, and that would be a shame... making you think twice about the cost
of relapse.” (Interviewee 11, Male, Smoking Cessation Army)

7.4.2 Subtheme 1.2 Intrinsic motivation

Although apps help smokers quit smoking by providing extrinsic motivations, such as
recording abstinence days, displaying health recovery status, showing money saved,
etc., the effect of these external incentives only exists while the smoker is utilising
the app. Once a smoker decides to stop using the app, the effects of external
motivational factors diminish (Deci and Ryan, 2012a, Deci and Ryan, 2012b).
Therefore, it is crucial that apps employ strategies or features to nurture smokers’
intrinsic motivation for them to understand that it is in their interest to quit smoking.
When smokers are intrinsically motivated to quit smoking, they are more likely to
keep their abstinent lifestyle even when they stop using smoking cessation apps.

As mentioned previously, intrinsic motivation arises when smokers realise that
smoking cessation has profound benefits for themselves, allowing them to stay
abstinent even in the absence of external rewards (Larson and Rusk, 2011). Most
smoking cessation apps primarily enhance intrinsic motivation by fostering health
awareness (Seo et al., 2022). For example, educating smokers about the specific
risks of smoking and the benefits of smoking cessation. The process of gaining a
deep understanding of the risks of smoking and recognition of the benefits of
smoking cessation can promote a strong intrinsic motivation. Protection motivation
theory (PMT) posits that individuals’ behaviours protecting themselves from harmful
behaviours, such as smoking, are influenced by the severity of the harmful behaviour
and the efficacy of the preventive behaviour (Rogers, 1975). In this study, educating
smokers on the risks of smoking and the benefits of smoking cessation aligns with
PMT by increasing the perceived severity of smoking and the efficacy of smoking

cessation.

To boost intrinsic motivation, smoking cessation apps can provide both positive
stimuli to encourage smokers to keep abstinence, such as showing the benefits of

smoking cessation, and negative stimuli, such as educating them about the negative
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effects of smoking, such as the possibility of developing diseases. Research shows
that smokers are more likely to be motivated by positive stimuli (Edwards et al.,
2018, Zhang et al., 2023), which resonates with the findings of the current study.

This study found that smokers are often benefit-oriented in the context of smoking
cessation. Compared with the risks of smoking, which may not be personally
experienced by smokers, the benefits of smoking cessation can be displayed
explicitly within apps to make smokers more aware of these benefits. When apps
provide information on the positive changes happening in their bodies, smokers tend
to believe these positive changes.

‘I believe in the app's indication of how much longer life can be extended, and |
genuinely believe that my life can be prolonged because it's widely stated online.”
(Interviewee 19, Male, Smoking Cessation Expert)

“It (health recovery overview) will have an average value, which is not accurate, to
be honest. But it's quite enjoyable just looking at it, very exciting.” (Interviewee 8,
Female, Smoking Cessation Army)

However, compared with positive stimuli, providing negative stimuli, such as
educating them on the risks of smoking, is not so effective. First of all, most smokers
already have a basic understanding of the harms of smoking, but the addictive
nature of nicotine, the pleasure derived from smoking, or the social convenience
smoking brings still makes it hard to stop smoking (Zheng et al., 2013). Being aware
of the negative effects of smoking may not necessarily trigger the desire to quit (Lin
and Chang, 2021). This could be due to the addictive and habitual nature of smoking
forming a physiological and psychological connection (Marlatt and Gordon, 1985).

Furthermore, interview data showed that when cravings come, smokers may be
more concerned about the distress of losing the companionship of cigarettes rather
than the uncertain harmful effects of smoking. Therefore, emphasising negative
information which they already know may not be a strong stimulus. While smokers
tend to believe positive changes happened to them due to smoking cessation, they
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may deny the severity of smoking and feel they are the lucky ones to escape and
that adverse consequences will not happen (Barnett et al., 2022).

“No matter how terrifying the consequences of smoking are, they can't compare to
the terror of being without cigarettes during moments of craving. That's why it's
important to discuss the benefits of quitting smoking... | derive a lot of happiness and
Joy from smoking. Why quit smoking? | have not experienced health issues from
smoking, and the absence of cigarettes would make me feel worse, right?”
(Interviewee 2, Male, Smoking Cessation Army)

From the perspective of smokers, it is common knowledge that smoking is harmful to
health, but many people may not fully understand its severity unless they have
personally experienced it. However, the benefits of quitting smoking can be instantly
visible and evident. Although making smokers personally feel the real changes in
their bodies requires a considerably long period, apps can display the health benefits

of smoking cessation that motivate smokers to stay abstinent.

“Another app feature shows my health recovery status. For example, the possibility
of getting lung cancer recovered to 30% or 50% of normal people...It is probably
these stuff, that enable me to view the benefits of smoking cessation explicitly.”
(Interviewee 1, Male, Smoking Cessation Army)

Smokers hope apps can bring their minds to positive aspects by providing more
positive information. When a smoking cessation app displays horrifying images to
demonstrate the dangers of smoking, it can induce a sense of fear. This fear might
motivate smokers to take action to quit smoking to avoid the consequences of
smoking. However, when the fear is too intense, smokers may associate smoking
cessation with strong negative emotions, potentially increasing their resistance to
smoking cessation because they do not want to experience these negative feelings.
App developers should employ the negative stimuli strategy with caution to strike a
balance to motivate smokers but not induce strong negative emotions. A more
effective approach might be to employ positive stimuli to help smokers understand
the benefits of quitting smoking, thereby motivating them to quit smoking and
maintaining a positive mindset.
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“If the app displays horrifying images to make me feel like if | do not quit smoking, |
can avoid confronting these terrifying things. | have to face these negative things
every day because of smoking cessation, it would make quitting even more difficult.”
(Interviewee 16, Female, Smoking Cessation Army)

7.4.3 Subtheme 1.3 Transformation from extrinsic motivation to intrinsic motivation

Aside from educating smokers on the risks of smoking and the benefits of smoking
cessation, smoking cessation apps can also increase intrinsic motivation
unconsciously because extrinsic motivation can transform into intrinsic motivation
(Deci and Ryan, 2012b). Strategies to boost extrinsic motivations, such as displaying
abstinence days, rank upgrade, financial savings, rewards, etc., makes smokers feel
their efforts have paid off and they are making progress in their smoking cessation
journey. For example, the abstinence days recording feature and the rank system
serve as extrinsic motivations when smokers first use smoking cessation apps.
However, the rank advancements and quitting smoking achievements can serve as
the recognition of the smokers’ efforts to quit over time. When smokers start to
realise the value and significance of quitting smoking through these external

rewards, their intrinsic motivation will also increase.

‘I feel like I'm quitting smoking for my health. It (showing the abstinence days)
reminds me that my body is getting better and better makes me so happy.”
(Interviewee 14, Female, Smoking Cessation Army)

For example, the Smoking Cessation Army has gained the favour of many smokers
through its unique rank system. The military ranks of users change with the increase
in the number of smoke-free days, progressing step by step from a soldier to a
commander, and if smokers’ ranks get promoted, they feel their efforts are
recognised and paid off. Thus, the extrinsic motivation for getting promoted in the
rank system can transition into intrinsic motivation to maintain smoking cessation

over a prolonged duration.
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"It can be used to check in abstinence days. Viewing these numbers increase puts
you in a better mood... From the soldier to the commander, there's still a sense of
achievement. | felt smoking cessation is meaningful, so | just wanted to keep this

smoke-free lifestyle.” (Interviewee 9, Male, Smoking Cessation Army)

Overall, for smokers to consider utilising smoking cessation apps as a
supplementary tool to quit smoking, they must first be motivated to stop smoking. To
sustain smoking cessation efforts, apps should focus on cultivating intrinsic
motivation by educating smokers on the health risks associated with smoking and
the benefits of smoking cessation to nurture a deep and strong desire to stop

smoking, independent of external incentives.

Extrinsic motivation can provide clear indicators of quitting progress, such as the
number of abstinence days and the money saved. This makes smokers feel that
quitting smoking is meaningful and that their efforts have paid off. According to self-
determination theory (SDT), when extrinsic motivation is integrated into an
individual's internal values, it can be transformed into intrinsic motivation (Deci and
Ryan, 2013).

7.5 Theme 2: Perceived usefulness

The extent to which smokers engage with a smoking cessation app depends not only
on their motivation level and whether the app features meet unique user needs but
also on the app's perceived usefulness. If a smoker firmly believes that quitting
smoking is entirely a matter of personal effort and is skeptical about the
effectiveness of external tools, including smoking cessation apps, then apps may not
be effective for them.

Some interviewees believed that quitting smoking is something they could achieve
through their efforts, which meant these smokers believed that they could quit
smoking relying on their determination and power, without depending on external
assistance. Even if such smokers download the smoking cessation app, their
engagement with the app might be minimal, for example, just using apps to track the

abstinent days rather than engaging with other app features in their smoking
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cessation journey. This means that even if smokers are motivated to stop smoking,
smoking cessation apps cannot achieve their intended effects if the perceived

usefulness is low.

“Smoking cessation mainly relies on personal determination and persistence. This
smoking cessation app, | feel that it just serves as a tool to record abstinence days.”
(Interviewee 15, Male, Smoking Cessation Army)

Perceived usefulness is crucial for the app to achieve its intended effects. If users
believe that the app can provide them with the necessary support and resources to
help them quit smoking, they are more likely to actively engage with the app, thereby
allowing it to have the greatest impact. Conversely, smokers who hold the belief that
the success of smoking cessation solely depends on their efforts and doubt the
effects of smoking cessation apps think some user engagement could have
counterproductive effects, for example, triggering anxiety or cravings. For example,
one interviewee who doubted the usefulness of smoking cessation apps worried that
frequent engagement, such as daily check-ins, might reinforce their thoughts
associated with smoking. She believed that the best way to quit smoking is to
minimise attention related to quitting as much as possible. Thus, she only used the
app to check how much health had been recovered and did not use other app
features.

“The existence of a smoking cessation app is a terrible thing because quitting
smoking is about weakening the concept of time, yet it keeps reminding you how
long you have quit...If the app keeps reminding me of the number of days of smoking
cessation, it makes me feel anxious, you know? Because it's a reminder that I've
gone 60 days without nicotine, and it can be uncomfortable.” (Interviewee 14,

Female, Smoking Cessation Army)

Overall, the perceived usefulness of smoking cessation apps is another prerequisite
that makes an app useful for motivated smokers. Users may engage with very
limited app features if they do not believe apps could be an effective tool to help
them stop smoking. For smokers who do not recognise smoking cessation apps as
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useful tools, user engagement could have counterproductive effects, inadvertently

triggering cravings.

7.6 Theme 3: Self-efficacy

Self-efficacy refers to an individual’s belief in his ability to achieve specific goals,
reflecting his confidence in his ability to control his behaviours (Bandura, 1977). In
this study, self-efficacy indicates smokers’ beliefs in their capabilities to resist
cravings and maintain abstinent status. Self-efficacy is an effective predictor of

smokers’ smoking cessation behaviour (Gwaltney et al., 2009).

Self-efficacy influences the smoking cessation goals set by smokers and their ability
to adhere to achieving these goals. When their self-efficacy is higher, they are likely
to set higher goals and firmly believe that they can achieve these goals. For
example, as the abstinence days increase, smokers will become more convinced
that they can maintain a smoke-free state. Their expectation for themselves is to
become a ‘non-smoker’, not just a ‘quitter’. The transformation from a "quitter" to a
"non-smoker" is not just about smoking status change but also a change of self-
identity, which comes with increased confidence in their self-control abilities, thereby

enhancing self-efficacy.

“I'm not thinking about whether | can stay abstinence. | am a non-smoker now. I'm
not in the process of quitting smoking.” (Interviewee 22, Male, Smoking Cessation

Army)

Smoking cessation apps employ a lot of strategies to make users believe they are
capable of succeeding in smoking cessation, including recording quitting progress
and showing them the benefits they have accumulated since their smoking cessation
journey started. Enhanced self-efficacy as a common outcome after successfully
quitting smoking for a period demonstrates that smokers’ confidence in smoking
cessation can improve over time. For example, some smokers mentioned viewing

the achievements made them more confident about achieving smoking cessation.
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"Having those real records and realising that I've managed to be abstinent for such a
long time gives me the belief that | can continue to do so in the future.” (Interviewee
10, Male, Quit Smoking Tool)

Quitting smoking is a challenging task for smokers due to its addictive and habitual
nature. Smokers who are just starting to quit smoking may initially perceive smoking
cessation as an extremely tough task and may doubt their ability to successfully quit.
However, when they are encouraged by positive stimuli provided by apps, they will
genuinely affirm their determination and capability of smoking cessation. Progress
and achievements will boost their self-efficacy and help them face the smoke-free
lifestyle with greater confidence.

"When | see the number of abstinence days, | will continue to cheer myself up and
feel very proud of myself. | believe | have achieved something | once thought |
couldn't, and now | have done it. | will also praise myself for this achievement."
(Interviewee 24, Male, No Tobacco)

“This smoking cessation app can boost my confidence by helping me realise that I'm
making continuous progress and getting closer to success. It gives me the
confidence to maintain abstinence.” (Interviewee 16, Female, Smoking Cessation

Army)

Essentially, when smokers start on their journey to stop smoking, they are often
unsure about their ability to overcome challenges. However, as abstinence days
accumulate, which is often shown within apps, their self-efficacy strengthens. As
explained in the theme of ‘extrinsic motivation’, specific app features that enhance
extrinsic motivation are usually only effective in the initial stages of app usage.
However, the key for an app to help smokers quit in the long term lies in increasing

the smoker's intrinsic motivation and continuously enhancing self-efficacy.
‘I suddenly realised that | have already been smoke-free for a whole year. It made
me feel that smoking is not necessary, and my life is not adversely affected by not

smoking.” (Interviewee 21, Female, Quit Smoking)
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As self-efficacy increases, smokers become more confident in their abilities to
continue smoking cessation and rely less on apps. Interviewees mentioned that apps
are no longer needed when they believe in their capabilities to cope with challenges
in smoking cessation. This finding resonates with the previous finding in the
‘perceived usefulness’ theme that when smokers strongly believe that smoking can
be achieved through their efforts, they tend to decrease engagement with app
features.

“‘Maybe after some time, | will definitely uninstall the app because | feel like | won't
need it anymore.” (Interviewee 15, Male, Smoking Cessation Army)

‘| stopped checking in a long time ago. From the six months of smoking cessation, |
no longer felt the need to do so. | thought checking in was wasting time, and now |
don't need the app to tell me how many days I've been smoke-free.” (Interviewee 22,
Male, Smoking Cessation Army)

In summary, for smokers, each day of successfully maintaining abstinence
represents a small victory, and the accumulation of these victories can significantly
boost their self-efficacy. Through the use of smoking cessation apps, they see their
quitting progress and all the benefits they have gained since smoking cessation, so
they gradually become more confident in their capabilities in maintaining their
smoke-free status, thereby enhancing their self-efficacy. With the accumulation of
abstinence days, smokers’ self-identify transitions from ‘quitters’ to ‘non-smokers’,
showing extremely strong self-efficacy. User engagement with apps tends to
decrease at this stage.

7.7 Theme 4: Social isolation

In the context of smoking cessation, social isolation refers to smokers having
minimal social connections with others, leading to feelings of loneliness, which can
negatively affect smokers’ psychological or mental health (Philip et al., 2022). Social
isolation is a common barrier faced by smokers, which can be an important
contextual factor that smoking cessation apps can work through their interactivity
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features. In this study, social isolation takes on different forms during the smoking
cessation journey, including social stigma and lack of support from people in real life.

7.7.1 Subtheme 4.1 Social stigma

Some smokers may feel isolated from people around them in real life because of
negative judgments by society towards smoking (Philip et al., 2022). This
discrimination against a specific group, such as smokers, can cause prejudice and
exclusion, often referred to as social stigma (Triandafilidis et al., 2017). For example,
social stigma can manifest as discrimination against smokers since they are
perceived as lacking self-discipline, irresponsible, responsible for their bad health,
lazy and so on (Link and Phelan, 2001, Stuber et al., 2009).

“Some people would think of me as someone who does not take good care of my
health, and also regard me as a person without self-control and lacking discipline.”
(Interviewee 13, Male, Smoking Cessation Army)

In traditional Chinese culture, female smoking is considered to go against social
norms because smoking is generally viewed as a behaviour that does not align with
traditional female roles, such as caring for children and doing housework (Xiao and
Asadullah, 2020). The different social expectations and roles among males and
females can make female smokers face greater pressure and moral condemnation
from people around them (Davey and Zhao, 2020). When asked about the smoking-
related social stigma interviewees have experienced, most of the negative comments
came from female interviewees. For example, female smokers were often criticised
for not conforming to social norms or were considered irresponsible towards their

families.

“Other people may have a bias towards me because of smoking. Although society is
quite tolerant nowadays, they still tend to believe that it is not good for females to
smoke.” (Interviewee 5, Female, Smoking Cessation Army)

“My parents actually are not happy with my smoking... Perhaps everyone would
think that smoking is normal for males, but when it comes to females, they will have
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some prejudices against them. My parents said smoking is irresponsible behaviour
and will influence the fetus if | am pregnant in the future.” (Interviewee 12, Female,
Smoking Cessation Army)

7.7.2 Subtheme 4.2 Lack of support from people in real life

When smokers decide to quit smoking, they may encounter a lack of support from
non-smokers around them in real life. One of the reasons might be that non-smokers
do not understand the addictive nature of smoking and how much determination and
courage it takes to make the decision of smoking cessation (Cunningham, 2012). For
non-smokers, stopping smoking is just a change in daily habits rather than a huge
challenge involving a complex process of overcoming physiological and

psychological dependency.

Another reason might be people around smokers may doubt their abilities to achieve
smoking cessation due to their past failed experiences. Quitting smoking is a
challenging task, and many smokers have attempted but relapsed in the end. If a
smoker had previous unsuccessful attempts to quit smoking, people around them
may doubt their ability and determination to quit.

“When [ first told my friends that | was going to quit smoking, they were doubtful
about this decision. They would say, ‘Have you really decided to quit smoking? You
are just making a joke, aren’t you?” (Interviewee 22, Male, Smoking Cessation
Army)

At the same time, in real life, many smoking buddies may not consider quitting.
Those who are in the precontemplation stage (Prochaska, 2008) might undermine
the necessity of smoking cessation (Sun et al., 2007) or think that smoking cessation

is an unrealistic goal to achieve.

“Last time | quit smoking...l had quit for three months, and when | went out for drinks
with friends, they offered me cigarettes. | refused, saying | had quit, but they didn't
believe me. They said, 'You tried to quit smoking before, but you ended up smoking

again.” (Interviewee 2, Male, Smoking Cessation Army)
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In addition, the smoking culture in China may also hinder smokers who decide to
stop smoking by facing opposition from the people around them. In China, sharing
and gifting cigarettes are often considered as ways to enhance social relationships
and friendships (Rich and Xiao, 2012). The interview data showed that once an
individual within a social group decides to quit smoking, their smoking cessation
decision may not be regarded seriously by their friends, who continue to offer them
cigarettes.

“When [ first told my friends that | was going to quit smoking... they might ask why |
suddenly decided to quit smoking, and in usual circumstances, they would continue

to offer me cigarettes.” (Interviewee 22, Male, Smoking Cessation Army)

What is even worse, since offering cigarettes in social situations is a common social
gesture in China, smokers who are quitting might feel excluded from the social
activity where social smoking takes place, which can exacerbate the feeling of
isolation. When smokers strive to stop smoking, they may intentionally avoid social
situations that involve social smoking. Those smokers may feel a sense of loneliness
when they have stayed abstinent for an extended period because they may have lost
the social connections established through smoking.

“In a social situation where everyone is smoking except for me, they would ask me
why | did not smoke and whether it is because | did not want to be with them.”

(Interviewee 13, Male, Smoking Cessation Army)

Additionally, smoking cessation can be an extremely lonely journey because of the
high relapse rates. Even though smokers have quitting buddies to stop smoking
together, they may experience a sense of loneliness when the quitting buddies have
given up halfway.

“Those who succeed in smoking cessation are actually quite lonely. Image that
people who started quitting smoking with you have dropped out halfway because

they relapsed, and in the end, you are left quitting on your own. It is actually quite
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lonely, especially the quitting journey after three years, is very lonely.” (Interviewee
1, Male, Smoking Cessation Army)

In summary, underestimating the difficulty of smoking cessation among non-smokers
makes it hard for them to show empathy or understanding. In addition, other
smokers in real life who have not considered smoking cessation may doubt the
necessity of smoking cessation. The smoking culture in China also poses a
considerable challenge for smokers to seek social support in real life. Having a social
group where smokers can be understood and supported by peers is important to
solve these problems in smoking cessation.

7.8 Theme 5: Social support

Smoking cessation is a challenging endeavour in which social support can increase
the possibility of achieving goals (Johnson et al., 2009, Westmaas et al., 2010). If
smokers experience stigma and social isolation in real life, social support features in
apps may provide a platform for them to receive support, empathy and
encouragement and share smoking cessation experiences. A social group with this
positive atmosphere can be a safe place where users can communicate openly,
whether they are experiencing success or failure in their smoking cessation journey,
and without fear of judgment. The mutual support from other quitters helps smokers

overcome challenges through difficult periods, as one participant explained below.

“I think the app provided a platform full of positive feedback. To be honest, quitting
smoking is not something that can be achieved easily on one’s own... It’s actually
very difficult...With other users who were quitting together, encouraging each other, |
think it can help get through this special period.” (Interviewee 12, Female, Smoking
Cessation Army)

Three types of social support were identified in this study, namely emotional support,

informational support from successful and failed quitters, and a sense of healthy

competition.
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7.8.1 Subtheme 5.1 Emotional support

Throughout the smoking cessation process, having like-minded peers showing
empathy and understanding and having shared goals play vital roles (Qian et al.,
2021). Engaging with a supportive social group can help overcome social isolation.
Additionally, smokers attempting to quit may need to actively seek emotional support
from people who can fully understand their challenges of quitting smoking. Once
users download the app and join the social forum where many smokers are situated
in similar quitting stages with similar smoking cessation goals, smokers start to feel

that they are not fighting the smoking cessation battle alone.

‘I really appreciated the social function of this app. | thought if it weren'’t for the
support it has given to me, quitting smoking on my own would have been much more
difficult. After downloading this app, I felt like | was not struggling alone. Instead,
there were many like-minded people accompanying me to accomplish this significant
task of quitting smoking.” (Interviewee 12, Female, Smoking Cessation Army)

“The meaning of the social function of the app is that users can quit smoking
together so they will not feel lonely. They are not fighting alone.” (Interviewee 17,
Male, Smoking Cessation Army)

Since app users share similar quitting goals, they can receive empathy from their
peers because they face similar challenges and difficulties, allowing them to relate
and empathise with each other, which can be a significant emotional support. This
emotional support may be lacking in their social circles in real life. The expression of
empathy made smokers feel that their feelings were understood, therefore creating a
powerful network of emotional support.

“When | see the difficulties that other users encountered when quitting smoking, |
can understand their feelings. It’s possible that the difficulties they talked about were
the ones that | was experiencing myself.” (Interviewee 18, Male, Smoking Cessation
Army)
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Compared with searching for quitting buddies in real life, smoking cessation apps
can offer a broader support network (Granado-Font et al., 2018). When smokers
need social support, active users in the app are often available to provide support.
The constant availability of social support reduces the sense of loneliness in the
journey of smoking cessation. Active users act as ‘fresh blood’ to help smokers feel
that they are always accompanied by like-minded people who are making efforts
towards the same goal. For example, the Smoking Cessation Army has a social
function that puts users who start quitting smoking on the same day on a social
forum called the survivor tribe. Grouping users who start quitting smoking on the
same day has its unique advantage since they will have common milestones and
withdrawal symptoms, which can increase resonance among smokers. Knowing that
others are also going through difficult times and facing similar challenges can
enhance smokers’ sense of belonging (Wunderlich, 2020).

“There are many people in the tribe, and they encourage each other. Quitting
smoking can be tough on your own, and having others to support you and receiving
encouragement from them can be incredibly motivating.” (Interviewee 2, Male,

Smoking Cessation Army)

7.8.2 Subtheme 5.2 Informational support

Another format of social support that smoking cessation apps provide is
informational support from both successful and failed experiences of other app
users. Interviewees reported that viewing others’ success in quitting smoking for a
long time boosted their confidence to stop smoking. Successful quitters could act as
role models by encouraging others to follow. In addition, they can also become
vigilant to relapse when they read the failed experiences of others.

“I think both successful and failed experiences have certain effects. When | saw
others succeed, it made me think that | could succeed, too. When | saw someone fail
because of relapse, | would also read what they said about the reasons for relapse,
then alerted myself to avoid doing the same things.” (Interviewee 10, Male, Quit

Smoking Tool)
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“I mainly used the social forum to learn how successful quitters were able to keep
abstinent for such a long time. When they share their experience in the group, |
learned from them.” (Interviewee 20, Male, No Tobacco)

Successful quitters may act as ‘missionaries’ in the social forum by believing that
they have a responsibility to help other quitters overcome challenges by sharing their
own experiences and tips. The sharing of successful quitters not only provides
informational support to other smokers who are struggling to quit but also boosts the
self-esteem of those successful quitters.

“Successful quitters would also share some of the tips for smoking cessation within
the social forum. At the same time, they would cheer us up to keep on going with
smoking cessation. He has succeeded and he also wanted us to succeed as well.”
(Interviewee 13, Male, Smoking Cessation Army)

‘I also encouraged others to persist in quitting smoking and shared with them how |
have managed to stay smoke-free until now. Some people, knowing that | have been
smoke-free for so long, said | was an amazing person and they wanted to follow my
steps. This feeling was fantastic as if | was doing something truly great.” (Interviewee
18, Male, Smoking Cessation Expert)

The experience of those who have relapsed can also be used as a valuable resource
to help smokers realise that relapse could be a normal part of breaking the addiction
cycle and to remind quitters to remain vigilant of relapse even after a long period of
abstinence. Smokers could avoid similar situations which trigger cravings and plan
coping strategies in advance by analysing the relapse experiences of others. In
addition, the regrets of those who have relapsed can also make other users more

determined to maintain abstinence to avoid similar regrets.

“Some people relapsed, and they reported why they relapsed this time in the social
forum. | can feel their regrets and misery in their words and think that | would
experience the same if | relapsed. This will make me more determined to stay
abstinent.” (Interviewee 4, Male, 3 Krystal Smoking Cessation)
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7.8.3 Subtheme 5.3 Sense of healthy competition

In a group where everyone shared a collective endeavour, such as smoking
cessation, it could automatically stimulate an underlying sense of competition
(Isensee and Hanewinkel, 2012). It might be because people seek recognition in a
socialised environment, and social forums provide a platform for them to share
achievements. Comparing themselves to other smokers regarding their progress in
quitting could provide them with a sense of achievement and increase their
confidence. Furthermore, the existence of the underlying or latent competition
motivated smokers to maintain the abstinence status to surpass other quitters. This
was also a powerful motivator for them to maintain their smoking cessation

endeavour.

“It’s quite appealing that people who start their quit-smoking journey on the same
day are all part of a social forum in the app...When you find the group size gradually
decreasing, you will get a sense of achievement that you are doing better than other

people.” (Interviewee 6, Male, Smoking Cessation Army)

“Some people relapsed, and it made me think if | can resist cravings while other
people relapsed...l feel pretty good about myself for being able to persist quitting
smoking.” (Interviewee 12, Female, Smoking Cessation Army)

Overall, the social function of apps can provide emotional and informational support
to smokers, furnishing them with encouragement and the opportunity to draw
insights from successes and failures. Additionally, the competition mechanism may
motivate smokers to keep abstinent to surpass other smokers’ efforts.

7.9 Theme 6: Disengagement with social features

Although most interviewees liked the social features within apps, some reported that
they seldom use social forums. Those smokers who strongly believed that smoking
cessation is a personal and private issue were likely to engage less with the social
features. An interviewee, who had previously sought help from colleagues in the
office but ultimately failed, was convinced that quitting smoking is something that can
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only be accomplished by oneself and dismissed the effects of social support in
smoking cessation. Therefore, she was unwilling to spend time on the social features
of the app. This indicated that only smokers who believed they could benefit from

social support would engage with social features.

“Social functions are of no use to me... Last year, | decided to quit smoking, and then
| asked my colleagues to monitor me... After some days, | smoked enough at home
in the morning before going out, and as soon as my colleagues left the office in the
evening, | would rush out to smoke. It is impossible to rely on others to help quit
smoking. Quitting has to be accomplished through your efforts.” (Interviewee 8,
Female, Smoking Cessation Army)

Smokers who prefer to face and address challenges alone rather than seek social
support resisted the social components within apps. For these smokers, seeking
social support in a smoking cessation app may seem like a waste of time and
irrelevant to quitting smoking. Therefore, they tend to ignore the social features. For
example, an interviewee did not communicate with other users within the social

forum because he thought it was time-consuming.

‘I haven’t explored the social forum because | feel like | don’t need it... | prefer not to
use social functions extensively as they can be quite time-consuming for me. It had
been troublesome enough to deal with social interactions in real life.” (Interviewee 7,
Male, Smoking Cessation Army)

Interview data also showed that another issue that will lead to disengagement with
social features is the poor management and regulation of these platforms. Better
regulation of these social features is needed to maintain a positive and safe social
space within apps, enabling users to gain more social support from the social

components.

“My experience using this app could be better if it had improved social forum
management. For example, functions like blacklisting someone who bullies others
could decrease the influence of negative comments.” (Interviewee 5, Female,

Smoking Cessation Army)
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An interviewee expected the app to have better language governance to promote
smoking-related topics and positive comments and avoid negative comments that
will demotivate users to stop smoking. To achieve the intended social support
function, language must be managed to build a supportive and encouraging
environment where smokers can seek social support from it. Additionally, poor
language management on social features can have counterproductive effects on
smoking cessation because users engaging with the social features might be
affected by negative or aggressive comments, which can undermine their motivation

and confidence to quit smoking.

“Some chat contents in the social forums within the app were not very positive. |
think the atmosphere of the chat room needs to be managed. Quitting smoking is a
positive thing, and if there is a lot of negative or irrelevant content in the social forum,
it will definitely affect quitting smoking.” (Interviewee 23, Male, Smoking Cessation
Army)

If negative comments were allowed to spread within the groups, such as bullying or
mocking others, it would create an unsupportive atmosphere, which might
demotivate users to use the social function. Negative comments within apps could
potentially undermine smokers’ motivation towards smoking cessation or induce
anxiety and stress, making it even more difficult to stick to abstinence goals.
Furthermore, negative comments can be contagious, leading to negative moods and
attitudes among users across the social forum. When new users join, they may be
dissuaded by this negative atmosphere or reluctant to share their experiences. An
interviewee said he disengaged from the social function within the app because of

the negative comments.

“There is also chat content in the social forum that is irrelevant to quitting smoking, or
some people would say they have relapsed. | remembered there was a smoker who
started to check in one day, marking it as day one, and then posted the same
content again on the next day and marked today as day one again. You can know
from their comments that they did not quit smoking at all...I chose to ignore all the
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negative information like this, and | did not want to share my experience in the

forum.” (Interviewee 19, Male, Smoking Cessation Expert)

In summary, the social features of an app are essential because smokers often
experience social isolation and potentially lack social support in real life. When
smokers seek social support, and the app provides a supportive and active social
platform, they can benefit from it. Conversely, due to the complexity of smokers’
backgrounds and personality traits, different smokers may have varying views on the
role of social support in quitting smoking. Those who do not seek social interactions
or do not believe in the effects of social support may not use the app's social
features. Even if smokers are willing to use the social features, if the app's social
platform is not well-managed, leading to negative feedback, they might feel that
these features negatively impact their smoking cessation motivation, thus reducing

their engagement with social features.

7.10 Theme 7: Education on managing withdrawal symptoms

The stimulation of nicotine receptors releases a range of neurotransmitters, including
dopamine, which makes smokers feel pleased after smoking (Benowitz, 2010).
However, the nicotine receptors in the brains do not decrease at once when smokers
stop smoking. Therefore, smokers need to intake nicotine to maintain the same level
of contentment as before. Withdrawal symptoms often occur among smokers
because they have become accustomed to nicotine and become dependent on it.
These withdrawal symptoms usually occur soon after the last cigarette, peak during
the first few days of quitting, and gradually decrease over a month (NCI, 2022). The
type, intensity, and duration of withdrawal symptoms vary from person to person.
Therefore, mastering effective strategies to manage withdrawal symptoms is key to
preventing relapse (Robinson et al., 2019, NClI, 2022).

Uncertainty regarding what withdrawal symptoms will happen and why they happen
can cause anxiety during smoking cessation (Carleton, 2012). Interview data showed
that apps provide smokers with educational information about withdrawal symptoms,
such as what the symptoms are, the reasons why these symptoms occur, and how

long they will last and can reduce anxiety. If smokers do not understand why they
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are experiencing withdrawal symptoms, they may feel more anxious about the
uncertainty. This indicates that although withdrawal symptoms are common among
smokers, understanding why these symptoms occur, how they can be alleviated, and

how long they will last is very important for reducing anxiety in smokers.

‘I checked the withdrawal symptoms in the app and found that my oral ulcers were
likely caused by quitting smoking. The app explained that the occurrence of oral
ulcers is due to the change in chemical substances in my body, as nicotine in the
blood decreases, so | did not worry too much about it. It was possible that the body
might have certain reactions.” (Interviewee 23, Male, Smoking Cessation Army)

In this study, among various withdrawal symptoms, interviewees experienced,
having cravings is the most prevalent and influential. Cravings can be physiological
and psychological in nature (Meule, 2020). Physiological cravings can happen due to
smokers’ physiological dependence on nicotine, while psychological cravings can
arise because smoking has become an acquired habit integrated into smokers’ daily
lives. For instance, smokers may regard smoking as a way to relax, or they are
accustomed to smoke in specific situations like after meals or as soon as they wake
up. Although physiological cravings may diminish over time, changing an acquired

habit requires a longer duration (Hughes, 2010).

“My withdrawal symptom is experiencing cravings...l was irritable and restless
because | cannot smoke when cravings come.” (Interviewee 4, Male, 3 Krystal

Smoking Cessation)

“The withdrawal symptoms include still having nicotine cravings after a long time,
which can be even more intense than before (quitting smoking). Cravings can
sometimes make it hard to concentrate at work, and it also influences my sleep
quality.” (Interviewee 10, Male, Quit Smoking Tool)

Interview data showed that apps educate smokers about tips to manage cravings.
Among the methods mentioned in apps for managing cravings, one of them involves

employing different strategies to distract users from smoking. For example, apps
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direct smokers to do some alternative behaviours to replace smoking, such as doing
exercise, holding breath, having a healthier diet, and drinking water.

“The app also provides some small tips for controlling smoking cravings, such as
holding your breath, distracting attention, or eating something, etc.” (Interviewee 2,

Male, Smoking Cessation Army)

It was interesting that most interviewees did not engage with this feature frequently.
The reason might be the low intensity of the provided support. Interviewees
highlighted that apps provided general information that lacked personalisation and
further instruction. When the tips are general and not personalised, smokers may
find this feature not helpful, and therefore, they may not spend time engaging with it.
In addition, even if apps provided tips, such as exercises and meditation, to manage
cravings to prevent relapse, they only provided textual information on the strategies
to manage cravings. Still, they lacked further guidance to push smokers to
implement these strategies in practice, such as the use of exercise videos within
apps. App developers could consider providing multi-faceted resources within apps
that align with the provided advice, such as providing a set of videos on exercise that
can be chosen by smokers, which can increase the likelihood of smokers following

the app’s advice.

‘I just read the tips to control cravings in the early stages of smoking cessation, but |
did not find them particularly useful because they mostly consisted of information |
already knew. They were common knowledge to me.” (Interviewee 7, Male, Smoking

Cessation Army)

“When | accessed the craving management tips, there were some methods
presented, such as running or meditation. However, the app only offered these in
text form and did not provide further support.” (Interviewee 10, Male, Quit Smoking
Tool)

Brief and non-personalised advice may not be sufficient to engage users who have
already implemented certain craving management strategies. One interviewee, who

already had a habit of running to shift her attention from cravings, mentioned that
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although the app suggests exercising to distract attention, such general advice might
not offer any additional help or new information.

“This app advised me to shift my focus by exercising, but it did not provide any
further guidance...Even before | used this app, if | had the craving for smoking, |
might go downstairs and run for a while to get rid of the craving.” (Interviewee 12,
Female, Smoking Cessation Army)

Another reason for this feature’s low engagement level might be that smokers
believe cravings are short-lived. Therefore, they found these tips unnecessary. This
also reflected their perception that quitting smoking relies primarily on their
determination, which reduced their expectations for managing cravings. It indicated
that for smokers who did not expect to benefit from this feature, the engagement
level could be low.

“During particularly irritable moments, there might be cravings to take a puff, but it
only lasted for a few seconds...Cravings passed very quickly.” (Interviewee 7, Male,
Smoking Cessation Army)

To distract smokers from cravings, aside from educating on tips, apps also provided
features that aimed to shift smokers’ attention to positive aspects. Take Smoking
Cessation Army for example, it provided motivational stories to distract smokers from
cravings. These short stories typically convey positive thoughts, such as the power
of persistence.

“There are some motivational stories within the app to distract you from cravings.
These stories often convey the idea that persistence will yield positive results.”
(Interviewee 5, Female, Smoking Cessation Army)

However, not many interviewees engaged with this motivational story feature to
distract themselves. One interviewee explicitly expressed that this feature was not
helpful. It indicated again that for smokers who do not believe they can benefit from
this feature, the engagement level could be quite low.
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‘I only read the motivational stories once, and | thought they were not useful. They
were not relevant to smoking cessation at all. | don’t think it will help me control my

cravings.” (Interviewee 8, Female, Smoking Cessation Army)

Overall, smoking cessation apps incorporate some features to help smokers
understand withdrawal symptoms and how to manage them, such as providing tips
to distract them from cravings to prevent relapse. However, this study found that the
engagement level with these features was low. The first reason was for smokers who
do not believe these features will benefit them, user engagement on these features
could be deterred. In addition, the low intensity of these features may demotivate
smokers to continue using these features as they may find these features cannot

provide further and tailored support.

7.11 Theme 8: Withdrawal symptoms recording

Another app feature related to withdrawal symptoms, which was mentioned
frequently by smokers, was the recording function. It enables smokers to record their
experience of withdrawal symptoms as well as craving details. Smoking becomes a
habit when it is repeatedly associated with specific situations, emotions, or times of
the day (Marlatt and Gordon, 1985). For example, a smoker might habitually light up
a cigarette after meals, during breaks at work, or in social situations.

“l was used to smoking a cigarette in the morning and smoking another one before

going to bed.” (Interviewee 1, Male, Smoking Cessation Army)

“In some specific situations...for example, after meals, or in the bathroom, | wanted

to smoke.” (Interviewee 5, Female, Smoking Cessation Army)

‘I had a habit of smoking, and it became an automatic action. Sometimes | did not
realise that | wanted to smoke, but my hand would just move to light a cigarette.”

(Interviewee 11, Male, Smoking Cessation Army)

These high-risk situations reinforce smoking behaviour, making it an automatic

response to those cues. For smokers who have integrated smoking into their daily
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lives, losing the company of cigarettes can be extremely painful. Cravings are
unavoidable, and it is difficult to refuse a cigarette in a habitual situation.

“When | started to quit smoking, | suddenly realised that something was missing in
my life. Can you imagine how difficult it was... This made it easy to relapse again.”
(Interviewee 1, Male, Smoking Cessation Army)

Therefore, identifying these 'high-risk' situations that trigger smoking behaviour is a
vital step towards long-term quitting, allowing smokers to consciously avoid these
high-risk cues (Marlatt and Gordon, 1985). Previous research found that the
recording feature enables smokers to journalise craving details, such as time,
location, intensity, and reasons (Bendotti et al., 2022, Zhang et al., 2023). This
feature is designed for smokers to become more aware of their craving patterns,
therefore identifying high-risk situations and planning coping strategies (Schick et al.,
2018, Bendotti et al., 2022). Interview data also showed that the craving recording
feature can serve as a self-reflection tool, allowing smokers to gain a deeper
understanding of their smoking patterns so they can take more effective measures to
prevent relapse rather than passively waiting for cravings to occur (Naughton, 2017,
Klein et al., 2019, Bendotti et al., 2022).

“The app has the function enables users to record cravings, including the intensity
and how the feeling was when cravings come.” (Interviewee 24, Male, No Tobacco)

“The app has a feature for recording cravings. When | had a craving for a cigarette, |
recorded it in the app. | continued to monitor my cravings regularly to identify the
situations or times in which they were most likely to occur.” (Interviewee 2, Male,

Smoking Cessation Army)

However, interview data also showed that this feature did not work effectively for all
smokers. It should be noted that smokers’ existing attitudes towards cravings affect
their expectations of the craving recording feature. Smokers who recognise that it is
normal to have cravings were more likely to expect to benefit from recording them.
Quitting smoking is a gradual process that may involve multiple attempts, which
requires smokers to have a more realistic attitude towards the existence of cravings

191



(Marlatt and Gordon, 1985). This indicated an important contextual factor for the
success of the recording feature was the open attitude towards cravings. How
smokers define success and failure in smoking cessation significantly impacts the
way they approach smoking cessation and the acceptance level of specific features,

such as recording cravings.

Many smokers define successful smoking cessation as complete abstinence from
smoking, viewing any relapse as a total failure (Zhu et al., 2022). This ‘all-or-nothing’
mindset can intensify the fear of cravings, potentially leading to anxiety and a
heightened risk of relapse. Meanwhile, the criteria of total abstinence may have a
counterproductive effect on those attempting to quit smoking because once they
experience a relapse, they might feel defeated and guilty, believing that they have
failed in smoking cessation and that there is no need to continue their efforts to quit
(Marlatt and Gordon, 1985, Sharma and Anand, 2019). The ‘total abstinence’ criteria
can lead smokers to overlook features like craving recording because they do not
realise that a reduction in the intensity of cravings, a decrease in their frequency, or
an enhanced ability to resist cravings are all signs of progress in the process of
quitting smoking (Abdullah et al., 2005).

For example, one interviewee's avoidance of recording cravings in the app
highlighted a common reluctance among smokers who held the belief that successful
smoking cessation meant not having smoking cravings. The ‘all-or-nothing’ mindset
can demotivate smokers to expect to benefit from recording cravings, therefore

leading to disengagement with this feature.

“I did not use the app to track my smoking cravings because | wanted to quit
smoking completely, so I did not want to engage with information related to

cravings.” (Interviewee 12, Female, Smoking Cessation Army)

Among interviewees who regularly used the craving recording feature, it was found
that attitudes towards cravings were more open. An interviewee ‘rewarded’ himself
with a cigarette on weekends, and he thought this approach could better help him to
manage and control cravings. The interviewee recorded each craving and relapse in
the app while he persisted with this smoking cessation plan.
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“l also want to quit completely, but | cannot do it. One week of abstinence is my limit.
| reward myself with one or two cigarettes every weekend. | also recorded my
cravings and relapses within the app.” (Interviewee 19, Male, Smoking Cessation
Expert)

Another interviewee also held an open attitude towards having cravings. He believed
that both ‘total abstinence’ and being able to control cravings can be seen as
successful smoking cessation. This interviewee was one of the few smokers who

frequently used an app to record their cravings during the first year of using the app.

‘I know another smoker who was very skilled at managing his smoking cravings. |
think he is a successful quitter as well because he can control his nicotine cravings
efficiently.” (Interviewee 1, Male, Smoking Cessation Army)

‘Il used it (craving recording function) very often during the first year, sometimes |
recorded seven or eight times in one day.” (Interviewee 1, Male, Smoking Cessation
Army)

In addition, this interviewee also recognised that observing a reduction in cravings
served as tangible positive feedback, which significantly boosted optimism and
confidence in the ability to stop smoking. This insight underscores the importance of
observable progress in the smoking cessation journey, aside from total abstinence.
As cravings diminished, the interviewee found an increased sense of control over

smoking cessation, pushing him to maintain the efforts and stay abstinent.

“If you are quitting smoking, you definitely have cravings sometimes, but you can see
that your cravings are becoming less and less, it is a positive psychological hint for
yourself. It made me believe that | can succeed in smoking cessation.” (Interviewee

1, Male, Smoking Cessation Army)

Another effective mechanism mentioned by smokers was releasing negative
emotions through recording withdrawal symptoms. It is important to find an
appropriate way to vent negative emotions rather than suppressing them during
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smoking cessation (McKee et al., 2011, Chervonsky and Hunt, 2017). One
interviewee had the habit of recording the smoking experience using the memo
function on his phone before using the smoking cessation app. Therefore, he kept
this habit of journaling his feelings so he could see how his withdrawal symptoms
have changed, and this can be a way to release negative emotions caused by

smoking cessation.

“l used the memo function on my phone to briefly record how [ felt when | started
smoking cessation...Keeping a record of my feelings can also serve as a form of
venting the negative emotions when withdrawal symptoms happen.” (Interviewee 7,
Male, Smoking Cessation Army)

However, interviewees who did not have the pre-existing habit of recording
withdrawal symptoms did not use the app to journal these symptoms. When they
started using the smoking cessation app, they did not expect recording cravings
within apps to benefit them. For example, an interviewee mentioned that he just
ignored the app feature of recording cravings, preferring to spend time on what they
consider more valuable activities. This indicates that smokers who do not believe
that this type of recording is practically helpful in quitting smoking will not actively

engage with this feature.

‘I didn’t actively record my cravings within the app, nor did | spend too much time
analysing cravings because | believe my time should be better spent elsewhere.”

(Interviewee 7, Male, Smoking Cessation Army)

Overall, the withdrawal symptoms recording feature serves as a way to clarify
smoking patterns, although interviewees in this study did not show a high
engagement level with this feature. For smokers who do not hold an open attitude
towards cravings, the recording feature was not thought to be helpful, therefore
decreasing their expectations and engagement with this feature. In addition, this
study also found that whether to engage with this feature also depends on the extent
to which smokers expect to benefit from it. This feature was found to be effective for
smokers who are realistic towards having cravings during smoking cessation and
hold the view that they can benefit from recording their withdrawal symptoms.
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Three effective mechanisms were identified from the interview data. Firstly,
journaling withdrawal symptoms could be regarded as a way to vent negative
emotions, decreasing the likelihood of relapsing. Secondly, regularly recording
cravings could help smokers become more aware of their craving patterns, allowing
them to identify high-risk situations and be prepared for them. Lastly, seeing cravings

diminish serves as a way to boost confidence in smoking cessation.

7.12 Theme 9: Usability

Usability is composed of learnability, memorability, effectiveness, efficiency, and
satisfaction (ISO, 2018). The scope of each component is elaborated in Chapter 2. A
product with good usability enables users to achieve their goals effectively,
efficiently, and with satisfaction (ISO, 2018). In this study, three attributes were found
to be relevant to the usability of smoking cessation apps: ease of use, multiple
modalities, and visual design.

7.12.1 Subtheme 9.1 Ease of use

Ease of use reflects important aspects of usability, especially learnability and user
satisfaction (ISO, 2019) (Chapter 2, section 2.6.3). Ease of use is a prerequisite for
the success of smoking cessation apps because it affects user engagement.
Smoking cessation apps that are easy to use can quickly attract new users and
encourage them to engage with the app.

“The app is easy to use, and | can quickly understand the function of each button.
For example, the check-in button. | think this is also why | chose to continue using
this smoking cessation app. | had used another app before, which was not very
intuitive. | remember using the check-in function, but it turned out that the button was

for recording relapses.” (Interviewee 5, Female, Smoking Cessation Army)

“Using this app is very convenient, and the abstinence days recording feature is also
very easy to use. Just one click, and you can record another smoke-free day... | find
it not complicated, very simple and clear.” (Interviewee 13, Male, Smoking Cessation
Army)
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An interviewee mentioned a limitation of apps compared with computers, that apps
are not easy to use when reading long posts due to the small screen. This indicates
that a key aspect of ease of use is that the app considers the limitations of the
mobile phone screen.

“For example, if you want to read a long post, you probably will not read it on phone
screens, like | mentioned before, you are prone to use a PC to read it, or on iPad, or
Mac. I will not read it (long posts) on mobile phones, too inconvenient, too laborious.”
(Interviewee 1, Male, Smoking Cessation Army)

Overall, ease of use is essential to the success of smoking cessation apps. It
influences how easily users feel they can find the features that meet their needs to
achieve goals and how much effort is needed to interact with these features. In other
words, ease of use is one of the factors that determines whether users can achieve
their smoking cessation goals.

7.12.2 Subtheme 9.2 Multiple modalities

Providing multiple modalities, such as texts, audio, and video formats, in smoking
cessation apps can enhance their effectiveness and efficiency (Chan et al., 2017).
Combining different media formats provides more comprehensive support to users
(Oh et al., 2018). In this study, smoking cessation apps that employ multiple
modalities were found to be more helpful in assisting users in stopping smoking.
Smokers expressed that they expected apps to employ multiple modalities.

“The more formats, well, the more diverse the formats are, the more | can learn and

gain. The more, the better.” (Interviewee 4, Male, 3 Krystal Smoking Cessation)

Smoking cessation apps should consider using multiple media formats to
accommodate changing user needs depending on the context in which they are
used.

“I think if an app can provide different formats, | would be more willing to use it. For

example, before going to bed, | like to read text in a quiet environment, but if | feel
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like my eyes are tired after a long day of work, | might prefer listening to audio. If the
app only has text, | might find it very boring and less appealing.” (Interviewee 8,
Female, Smoking Cessation Army)

The multimedia approach meets different user needs and preferences since each
media format has its advantages that cater to different usage situations (Kim and
Gilman, 2008). For example, video format is highly favoured by users seeking a
more dynamic and engaging way of learning, as videos combine visual content,
audio elements, and even interactive elements. An interviewee mentioned that the
combination of subtitles, video, and audio can also make content easier to
understand.

“‘Heavy texts can make user tired of reading them. | think video format is better
because we can see the subtitles on the screen and hear the sounds.” (Interviewee
13, Male, Smoking Cessation Army)

‘I believe that videos would be very effective because they provide a visual
presentation, which can often be more impactful than text-heavy written articles.”
(Interviewee 10, Male, Quit Smoking Tool)

Another interviewee stated that images that showed the horrible effects of smoking
can provide a more significant visual impact than textual description, which can offer

stronger motivation to quit smoking.

“There are some images in the app, such as the picture showing smokers' lungs,
which provided a stronger stimulus to me than textual descriptions and motivated me

to quit smoking.” (Interviewee 15, Male, Smoking Cessation Army)

Additionally, the audio format allows users to continue receiving the information and
support provided by the app while doing other tasks, thereby enhancing user
engagement. For example, the audio format of delivering smoking cessation
information allows users to interact with the app’s features without looking at the
screen, such as before going to sleep.

197



“When | was stopping smoking, | always listened to the audiobook about smoking
cessation when | lay in bed before falling asleep.” (Interviewee 6, Male, Smoking
Cessation Army)

“The audio format...I can listen to the light music within the app when | have
cravings. | can also use the app to play music to distract myself from cravings when |
am doing something else.” (Interviewee 21, Female, Quit Smoking)

Overall, smoking cessation apps that incorporate multiple modalities can better meet
diverse user needs and preferences. They allow users to choose the format that best
suits them, thus increasing user engagement and helping smokers effectively

achieve their goals.

7.12.3 Subtheme 9.3 Visual design

Visual design elements, such as colour scheme and aesthetics, play a crucial role in
increasing user engagement (O’Brien et al., 2018). A smoking cessation app with a

visually appealing design will attract users and make users more willing to use the
app.

“The app's colour is quite pleasant. The green colour is soothing for me.”

(Interviewee 9, Male, Smoking Cessation Army)

However, users have different preferences regarding the colour scheme. The
aforementioned interviewee liked the green colour because it was soothing and
pleasant to him, while another interviewee who used the same app felt the green
interface did not look youthful and did not appeal to the younger age group.

“At the beginning, | didn't particularly like the name and appearance of the app...the
green colour of the app's icon and interface did not look very youthful.” (Interviewee
5, Female, Smoking Cessation Army)

The contrasting findings illustrated the diversity in preferences on interface design

among app users, highlighting the need for app designers to create a customised
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interface, allowing users to select their preferred colour schemes and interface
styles. In addition, users may associate different colours and design elements with
different meanings, which emphasises the importance of giving users autonomy to

choose their preferred interface design elements (Wang and Li, 2017).

“I hope the interface style is serious like it's monitoring me. | think it can be more
serious, which would make me feel disciplined. As for colours, | don't have any
specific preferences, but black might be suitable as it conveys a more serious tone.
Additionally, some interface elements and icons can also be designed to appear
more serious, urging us to be stricter with ourselves.” (Interviewee 10, Male, Quit

Smoking Tool)

Overall, visual design, such as aesthetics, affects user engagement in smoking
cessation apps because customisable visual design can increase user satisfaction.
The diversity in users’ preferences on visual design underscores the importance of
customisable interfaces, allowing users to choose their preferred colour schemes
and design styles.

7.13 Theme 10: User Experience

User experience is users’ responses or perceptions from using or anticipating a
product or system (ISO, 2010). It has a prominent influence on the effectiveness of
smoking cessation apps in helping people quit smoking (Sutcliffe, 2016). A positive
user experience can increase user engagement, thereby enhancing the likelihood of

continuous app use.

7.13.1 Subtheme 10.1 User privacy

Users’ willingness to download and engage with an app is influenced by their trust in
the extent to which an app protects their personal information (Borghouts et al.,
2021). When users feel their personal data is securely processed and their privacy is
respected, they are more likely to have a positive user experience and want to keep
using the app.
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However, when asked whether they were worried about privacy issues, all
interviewees indicated that they did not worry about privacy issues and believed their
privacy was protected. This indicated a potentially widespread underestimation of the
importance of privacy in app usage. Users often place implicit trust in major app
stores, believing that apps downloaded there are entirely secure. An interviewee
mentioned that he trusted the app because it was downloaded from Huawei’'s app
store.

“This app was downloaded from Huawei's app store. It does not require any personal
information like my name. | feel that if there were privacy concerns, it would more
likely occur with unauthorised or unofficial apps that secretly collect data. This app
should provide some level of security because it is available on Huawei's official app
store.” (Interviewee 20, Male, No Tobacco)

Another reason might be that users employ strategies to protect their privacy based
on their understanding of what data can be collected and how data is collected by
the app (Al-Sharo, 2019). However, users may not fully understand to what extent
apps can collect and use their data or underestimate the risk of data

misuse by apps.

Interviewees believed their data would not be at stake if they did not use sensitive
data, such as real name, photo number, etc.

“My profile picture is the photo of my cat. No privacy issues at all.” (Interviewee 8,
Female, Smoking Cessation Army)

“l used the pseudonyms and a virtual profile picture within the app. | didn’t use my
real name or pictures of myself. | am not worried about any privacy issues.”

(Interviewee 4, Male, 3 Krystal Smoking Cessation)

‘I haven't used the features that require logging in with a phone number. I'm just a
guest... | don't think it's necessary to log in. | only need to use the features that
guests can use, like checking in, viewing my health recovery progress, etc.”
(Interviewee 5, Female, Smoking Cessation Army)
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Overall, this study found that users feel their privacy is well protected, although they
may have underestimated other factors that could compromise it. This default sense
of security builds users' trust in the app, ensuring that users do not reduce their
engagement due to concerns about data security.

7.13.2 Subtheme 10.2 Record keeping

In smoking cessation apps, providing the record-keeping feature is important to
improve user experience since users may have several attempts during smoking
cessation. The record-keeping feature provides convenience for users who uninstall
the app and download it again, and users can pick up their achievements without
losing data and progress. It increases long-term user engagement because users
are more likely to continue using the app if they know their data and progress are

saved with continuity.

“I downloaded this app again, and it kept my records in it. | have an account in it so
that the app will record my progress and data all the time.” (Interviewee 22, Male,
Smoking Cessation Army)

Interview data showed that the record-keeping feature required users to create an
account within the app, meaning smokers needed to register. Allowing apps to store
previous data on their servers can raise data security concerns. However, due to the
trust in these apps (Subtheme 10.1), no interviewee reported worrying about their
data security while enjoying the record-keeping feature.

‘I have changed my mobile phone several times but reinstalled this app each time.
As long as my account is still within the app, it won't interrupt the recording. It has
been six years since | started to use this app.” (Interviewee 1, Male, Smoking

Cessation Army)

Overall, the record-keeping feature improves user experience and strengthens the
long-term connection between users and apps, which is crucial for apps that aim for

sustained efforts for behavioural change, such as smoking cessation.
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7.13.3 Subtheme 10.3 Advertising and membership fees

In this study, advertisements and membership fees are two factors that influence
user experience. Some interviewees mentioned that they encountered a few
seconds of advertisements when entering the app. These advertisements could slow

down app loading, increasing user waiting time.

‘I think the advertisements have some impact on my experience. | can directly enter
the app interface if there is no advertisement, but now, | have to wait for several

7

seconds then click ‘skip’.” (Interviewee 13, Male, Smoking Cessation Army)

However, most smokers showed a high tolerance towards advertisements in this
study. This could be related to the brief duration of the advertisements that it was just
a few seconds and users can choose to ‘skip’ advertisements easily. An alternative
explanation might be that these users have become accustomed to seeing
advertisements on various apps since many apps contain advertisements nowadays.
For free-to-use apps like a smoking cessation app in the Chinese market, users may
even be more tolerant of the presence of advertisements as they understand that
this is the financial source that supports the app’s maintenance and operation.

“The app | use now has some advertisements. | see some advertisements when |
enter the app, but | can simply skip them. | think being able to use the app for free is
quite good. Apps also need financial sources to be maintained, and they might rely
on advertising revenue to keep running. | don't see any major issues with that.”

(Interviewee 4, Male, 3 Krystal Smoking Cessation)

Some interviewees mentioned the need to pay a membership fee to unlock some
premium features, which may negatively affect user experience for those who are
accustomed to free content or are uncertain about the app's value. The decision to
pay membership fees largely depends on users’ perception of the value provided by
the app (Wei et al., 2020). If they believe the value offered by the app deserves the
expense, they might be more willing to pay the fee to access advanced features.

Therefore, interviewees who believed that the success of smoking cessation mostly

202



depends on personal persistence were dissatisfied with the membership fees for
accessing premium features, which often have no advertisements. Some even
mentioned that they would not spend time on these advanced features even if they

were free to access them.

“It (the app) used to be pretty good before, but now they have added premium
features, which means you have to pay to access certain functions. That's not so
great because many features are restricted for non-paying users.” (Interviewee 2,

Male, Smoking Cessation Army)

“There's a premium section, which is only accessible to members. Even if they offer
it to me for free, | wouldn't bother to click and check it.” (Interviewee 7, Male,
Smoking Cessation Army)

‘I think the membership fee is one of the things | am not satisfied with. If an app
charges me a costly membership fee to use it, | think | won’t use it anymore.”
(Interviewee 16, Female, Smoking Cessation Army)

Overall, whether advertisements and membership fees negatively affect user
experience depends on users’ perception of their value. On the one hand, they view
advertisements as a necessary trade-off for using the app for free, so they can see
the value of watching the advertisements for a few seconds. On the other hand,
smoking cessation is viewed as a goal that is predominantly achieved through one’s
persistence, and smokers cannot see the value of becoming a premium member of

the app. Thus, interviewees were reluctant to pay for the membership fee.

7.13.4 Subtheme 10.4 Gamification

Gamification is the application of game elements in non-game contexts, such as
smoking cessation apps, aiming to increase user engagement and boost user
experience (Bitrian et al., 2021). Previous research has identified different
gamification features that apps provide to improve user experience, such as the
achievement and progression elements (Bitrian et al., 2021, El-Hilly et al., 2016). In
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this study, the gamification elements mentioned by interviewees included the rank

and reward systems.

Take the Smoking Cessation Army as an example, it employs a rank system which
allows users to unlock new military ranks (Appendix 13) when they have checked in
for certain days. The advancement in the military rank symbolises the achievements
of smoking cessation. Furthermore, the ranking system makes the user experience
more enjoyable, increasing user satisfaction and making users more willing to

engage with the app.

“It can be used to check-in smoke-free days. Viewing these numbers puts you in a
better mood... From the soldier to the commander, there's still a sense of
achievement.” (Interviewee 9, Male, Smoking Cessation Army)

“Your rank gradually increases in a military rank system as you keep checking in. |

find this aspect quite interesting.” (Interviewee 6, Male, Smoking Cessation Army)

In Smoking Cessation Army, another gamified element of the app is providing
rewards to users who achieve specific days of continuous smoking cessation, such
as 21 or 100 days. The rewards, such as a real necklace engraved with the number
of smoke-free days, as a return for their efforts in quitting smoking and as proof of
achievement, greatly encourage smoking cessation efforts, helping them to persist in
quitting. Even if these rewards require them to pay in the app's store, users are
willing to pay for them because they perceive these rewards as valuable. However,
not all smokers were willing to pay for these rewards. Similar to the finding regarding
paying for membership fees, only interviewees who recognised the value of these

souvenirs will spend money on them.
“You can apply for a physical medal, but you need to pay for it. However, if you

successfully quit, receiving that medal can be a significant psychological reward at
the time.” (Interviewee 1, Male, Smoking Cessation Army)
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“‘Because it (buying these physical medals or rewards) is a way to motivate me,
spending this money is actually quite valuable.” (Interviewee 1, Male, Smoking
Cessation Army)

Overall, gamification features boost user experience by making the use of smoking
cessation apps more enjoyable and making the achievements visible. Smokers who
see the value of real rewards are willing to spend money on them since they can

celebrate their achievements.

7.13.5 Subtheme 10.5 Personalisation

Personalisation means apps provide tailored support based on user needs and
preferences. Providing generic and standardised support may not meet the specific
needs of some users. Personalised support that considers users' preferences and
needs can provide customised services or content based on users’ unique needs

and preferences.

Interview data showed that personalised features allow apps to meet different user
needs and preferences. For example, as mentioned in subtheme 9.3, ‘visual design’,
users have different preferences for app design style and colour scheme. If apps
offer personalised style settings, users can freely choose their preferred style, thus

improving their user experience.

However, when asked whether the apps provided personalised features, smokers
felt the apps lacked personalisation, which negatively affected their user experience.

“I quite look forward to these personalised features you mentioned (personalised
reminders or personalised educational contents), but | feel the Smoking Cessation
Army does not have such features, and it lacks these rich, personalised features.”

(Interviewee 13, Male, Smoking Cessation Army)

“It’s boring to use this app sometimes because it doesn't have highly personalised
features.” (Interviewee 4, Male, 3 Krystal Smoking Cessation)
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Interview data also showed that smokers would engage less with generic features for
which they would like to see personalisation on features that they perceive as lacking
personalisation. For example, one interviewee reported that when accessing the
withdrawal symptoms education feature, he found the provided information was
generic. Therefore, his need was not satisfied, and he preferred to search for

information online rather than within apps.

“The app feature that provides methods to manage cravings didn't have a significant
impact; for example, some of the content focuses on quitting smoking methods and
symptoms...you can find similar information elsewhere...so why do | have to use this
app? Searching for information online is more convenient.” (Interviewee 1, Male,

Smoking Cessation Army)

Although personalisation features are expected to meet different user preferences
and needs, interviewees felt that apps generally lacked personalised features. For
smokers who feel the apps are unable to provide personalised support, user
engagement levels will decrease because they could use alternative resources

instead of apps.
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CHAPTER EIGHT: Refinement of programme theories

8.1 Introduction

This chapter describes how the initial programme theories were refined based on the
qualitative data analysis findings in Chapter 7. The refined programme theories were
presented using 11 CMOCs. Programme theory 1 (boosting motivation and self-
efficacy) has four CMOCs, programme theory 2 (social support) has three CMOCs,
programme 3 (relapse prevention) and 4 (sustained user engagement) have two
CMOCs each. These CMOCs were used to explain how smoking cessation apps
help Chinese smokers stop smoking. Specifically, they address the aim of the study
regarding examining what aspects of smoking cessation apps work for Chinese
smokers, under what circumstances, and why. Mind maps were used to present
CMOCs.

8.2 Refined programme theory 1: Boosting motivation and self-efficacy

When motivated smokers engage with app features that show quitting progress
(context), the benefits of smoking cessation, and the risks of smoking (resource
mechanism), they become intrinsically or extrinsically motivated, and their self-
efficacy in smoking cessation is strengthened (reasoning mechanism). This leads to
both short-term and long-term abstinence (outcome). In contrast, when unmotivated
smokers (context) encounter the same app features (resource mechanism), they
may experience negative emotions (reasoning mechanism), which can trigger

cravings (outcome).

When smokers believe smoking will lead to severe diseases and they are likely to
develop these diseases (context), engaging with app features that provide new
information about the risks of smoking (resource mechanism) helps them develop a
deeper understanding of its harmful effects (reasoning mechanism). This increases
their motivation to quit smoking (outcome). However, excessive negative information
(resource mechanism) can evoke emotions such as anxiety and fear (reasoning

mechanism), which may also trigger cravings (outcome). For benefit-oriented
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smokers (context), app features highlighting the benefits of smoking cessation

(resource mechanism) foster a sense of achievement (reasoning mechanism),

further motivating them to quit smoking (outcome). Table 8.1 shows the CMOCs in

programme theory 1.

Contexts

Mechanisms

Outcomes

1. Smokers are motivated to
stop smoking and believe
apps can help them stop
smoking and engage with
app features that meet their
needs

M1: Smokers’ extrinsic motivation is boosted
(reasoning) through engaging with app
features that show quitting progress and
benefits (resource) (e.g., health or financial

benefits, achievement system)

M2: Smokers’ intrinsic motivation is boosted
(reasoning) when they truly understand risks
of smoking and benefits of smoking
cessation through engaging with apps
(resource) and when they get a sense of
achievement and feel their smoking
cessation journey are paying off through

viewing quitting progress (resource)

M3: Smokers’ self-efficacy is strengthened
(reasoning) as they see their quitting
progress and achievements within apps

(resource)

O1: Smokers stay abstinent
in short term

O2: Smokers stay abstinent

in long term

O3: Decreased user
engagement, but stay

abstinent in long term

2. Smokers are not
motivated to stop smoking
or do not believe apps can
help them stop smoking

M1: User engagement, such as viewing
abstinence days (resource), can be
counterproductive by triggering negative

emotions (reasoning), such as anxiety

O1: Cravings to smoking can

be triggered

3. Smokers believe smoking
will lead to severe diseases

M1: Smokers engage with app features that
provide information on risks of smoking that

O1: Smokers are motivated
to stop smoking
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and they are likely to
develop these diseases

they did not know before (resource) and
they gain a deeper understanding of what

harmful effects of smoking (reasoning)

M2: Smokers engage with excessive
negative stimuli (resource) and they link
smoking cessation with negative emotions
because they experience a sense of fear or

anxiety (reasoning)

0O2: Cravings to smoking can
be triggered

4. Smokers are benefit-
oriented

M1: Smokers engage with app features that
provide positive stimuli (resource), such as
benefits of smoking cessation, quitting
progress etc., so they gain a sense of
achievement and believe they are benefiting

from smoking cessation (reasoning)

O1: Smokers are motivated
to stop smoking

Table 8.1: Summary of refined programme theory 1 (Boosting motivation and self-

efficacy)

Self-efficacy boosted

|

Decreased user engagement and
stay abstinent in long term
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Smokers engage with features that showing

Smokers are motivated to stop smoking and believe apps could help them stop
smoking and app features meet different user needs

/

Yes

T N

quitting progress and achievements

/ |

Sense of achievement gained and feel smoking
cessation efforts are paid off and become
reluctant to give up attained achievements

Stay abstinent
in short term

Intrinsic motivation boosted

Stay abstinent in long term

No

Smokers engage with features that help them C productive user
truly understand benefits of smoking cessation
and risks of smoking

/ Extrinsic motivation boosted

Intrinsic motivation boosted

Craving triggered

Stay abstinence in long term




Figure 8.1: Mind map for programme theory 1, CMOC 1 and 2

Evidence from interviews emphasised that having sufficient motivation to stop
smoking is the prerequisite for smokers to engage with smoking cessation apps
effectively. Otherwise, they will not use apps or user engagement can be
counterproductive. However, even though smokers are motivated to stop smoking,
they will have very limited engagement with apps, or user engagement will be
counterproductive if they do not hold the belief that a smoking cessation app can be
an effective tool to assist smoking cessation. In other words, smokers having enough
motivation to quit smoking, intrinsically or extrinsically, is necessary but not sufficient
condition for smoking cessation apps to be effective. Smoking cessation apps can be
effective only when smokers are motivated to stop smoking and also believe apps
can be a useful tool to assist them to stop smoking.

Data from smokers’ interviews also indicated that smokers’ motivation to stop
smoking is influenced by how smokers perceive the benefits and costs of smoking
cessation alongside the merits and costs of smoking, and resources they have put
into smoking cessation such as time. For example, smoking cessation can bring
health benefits, but quitters have to endure withdrawal symptoms, while smoking
harms health but can bring a sense of pleasure. This can be explained through the
Protection Motivation Theory (Rogers, 1975). As introduced in Chapter 2, PMT
indicated that individuals’ motivation to take a protective behaviour, such as smoking
cessation, is influenced by the threat appraisal and coping appraisal. To increase
smokers’ motivation to stop smoking, smoking cessation apps should emphasise the
benefits of smoking cessation and the risks of smoking. Therefore, it outweighs the
merits of smoking and the cost of smoking cessation (Figure 8.2).
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Benefits of smoking cessation Merits of smoking
Risks of smoking Cost of smoking cessation
Resources put into smoking
cessation

Figure 8.2: The way of being motivated to stop smoking

Throughout the long journey of smoking cessation, maintaining motivation plays a
crucial role in persisting with smoking cessation in the long term. Displaying positive
changes, such as health benefits, quitting progress, etc., are the strategies that
smoking cessation apps employ to nurture smokers’ extrinsic motivations. For
example, when apps show how much money has been saved and how much
progress they have made in smoking cessation, smokers’ extrinsic motivation will be
boosted. Apps also employ gamification features to offer extrinsic motivations to
users, such as the achievement system using ranks, which could serve as additional
incentives for them. However, these extrinsic motivations only exist for a short
period. As smokers accumulate achievements in quitting, they gain a sense of
achievement and feel that their efforts to quit smoking are rewarded and are
reluctant to give up the attained achievements, thereby enhancing their intrinsic
motivation and persistence with smoking cessation in the long term. This is the

process of transforming extrinsic motivation into intrinsic motivation.

Smoking cessation apps also have features specifically designed to increase intrinsic
motivation, such as using positive and negative stimuli to help smokers deeply
understand the benefits of quitting smoking and its harms. Intrinsic motivation is the
main driving force for maintaining long-term abstinence. Even when external

incentives are absent, smokers are still motivated to quit smoking.

Except for the aforementioned positive stimuli, smoking cessation apps also provide
negative stimuli, such as educating smokers on the risks of smoking. This is also
specifically designed to increase smokers’ intrinsic motivation. However, interview
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data showed that negative stimuli do not hold a compelling effect as positive stimuli,
as smokers already have a generic knowledge that smoking is harmful to health, yet
they continue to smoke for various personal reasons. This indicated that only
smokers who believe smoking can lead to severe diseases and are likely to get
these diseases will engage with the app feature that educates the risks of smoking.
Smokers who hold the self-exempting belief that negative consequences of smoking
will not happen to them (Chapman et al., 1993, Guillaumier et al., 2016) will not

engage with this feature.

Compared to negative stimuli, some smokers prefer to receive positive stimuli, such
as health benefits, quitting progress, etc. When apps provide instant feedback on the
benefits of smoking cessation, smokers can feel their efforts are paying off. In
contrast, although negative stimuli, such as pictures to show the risks of smoking,
can be a motivator for smokers who believe smoking is harmful, and they are likely
to develop diseases due to smoking, this strategy should be used with caution
because smokers with diverse backgrounds and knowledge level of risks of smoking
may react differently to negative information. An unintended outcome that can
happen to smokers who engage with the negative stimuli features is that too much
negative information will threaten smokers. Therefore, it will produce
counterproductive effects, such as evoking anxiety and fear. It is essential to strike a
balance by providing positive and negative information. Alternatively, for smoking
cessation apps to have the intended impact, apps could give users the autonomy to
decide whether they prefer to receive positive or negative information based on their

preferences.
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Apps provide both positive and negative stimuli

Positive stimuli Negative stimuli

Smokers believe smoking will lead to severe diseases

Smokers gain a sense of and they are likely to develop these diseases

achievement and believe they are
benefiting from smoking cessation

Smokers engage with negative stimuli Smokers engage with too much
and gain a deeper understanding of what negative stimuli so negative emotions
Motivated to stop smoking harmful results of smoking were evoked, such as fear and anxiety
Motivated to stop smoking Cravings triggered

Figure 8.3: Mind map for programme theory 1, CMOC 3 and 4

Self-efficacy is the result of long-term persistence in smoking cessation. Interview
data suggested that as smokers progress in their smoking cessation journey, their
confidence in successfully quitting increases. Achievements along the way boost
their self-efficacy. When smoking cessation apps display all positive changes, they
enhance their belief in their ability to quit. As smokers start to see themselves as
non-smokers rather than someone trying to quit, their engagement with apps tends
to decrease. This highlights why the motivation provided by smoking cessation apps
is particularly beneficial in the early phases of quitting (Prochaska, 2008). Over time,
as users gain confidence in their ability to maintain a smoke-free life, they may use
these apps less frequently.

Overall, this programme theory is about how smoking cessation apps could provide
cognitive support to boost smokers’ motivation to stop smoking. Although existing
apps employ a range of strategies to strengthen users’ motivation, these app
features can be effective only when users are motivated to stop smoking and believe
the effects of smoking cessation apps and app features can meet their needs. If
these conditions are not met, user engagement will be limited or have

counterproductive effects. When smokers decide to stop smoking and choose a
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smoking cessation app to assist them in quitting, app developers should design a
range of features that can meet different user needs to increase user engagement.

An unintended outcome of using smoking cessation apps is decreased user
engagement as smokers gradually gain higher self-efficacy levels. This study found
that smokers who were confident in their ability to stop smoking would decrease their
engagement with apps. App developers should consider developing features
targeting the needs of smokers at the initial stage. For smokers who are in the
maintenance stage, where their self-efficacy level is high, user engagement level
tends to decrease.

8.3 Refined programme theory 2: Social support

When smokers experience social isolation in real life and seek social support within
apps (context), apps can provide a highly inclusive, non-judgmental, and supportive
platform (resource mechanism). This fosters a sense of being supported regardless
of their backgrounds (reasoning mechanism), encouraging smokers to engage with
the social support features of the app (outcome). Conversely, for smokers who view
smoking cessation as a personal issue or dislike socialising (context), the social
features provided by the apps (resource mechanism) may not an appeal to them
(reasoning mechanism), leading to disengagement with these features (outcome).

For smokers who actively engage with social features (context), when they can
connect with other quitters at similar stages of smoking cessation who share
common goals and barriers (resource mechanism), it can create a sense of
belonging and being understood (reasoning mechanism), motivating them to quit
smoking (outcome). When advanced quitters share their experiences of achieving
long-term abstinence within social forums and receive praise from peers (resource
mechanism), they feel a sense of helping others (reasoning mechanism), which
boosts their self-esteem (outcome). When smokers learn quitting strategies from
successful quitters (resource mechanism), they believe they can apply these
strategies to resist cravings and maintain abstinence (reasoning mechanism),

increasing their confidence and skills in smoking cessation (outcome). When
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smokers learn from the failed experiences of others to identify high-risk situations

(resource mechanism), they become more vigilant against relapse (reasoning

mechanisms), therefore, they are more likely to resist cravings (outcome).

Additionally, when smokers share their quitting achievements within the app

(resource mechanism), it fosters a positive sense of competition (reasoning

mechanism), further motivating them to quit smoking (outcome). However, when

social features are poorly managed or regulated (resource mechanisms), negative

comments from others can demotivate smokers (reasoning mechanism), decreasing

their engagement with these features (outcome). Table 8.2 presents the CMOCs in

programme theory 2.

Contexts

Mechanisms

Outcomes

1. Smokers face social
isolation in real life and seek
social support within apps

M1: Apps provide a highly inclusive, non-
judgmental and supportive platform that
provides social support to smokers
(resource), so smokers feel being
supported regardless of their

backgrounds (e,g, gender) (reasoning)

O1: Smokers engage with

social features within apps

2. Smokers view smoking
cessation as a personal
issue and do not seek social
support, or they do not like

socialising activities

M1: Apps provide social features
(resource) but are not appealing to
smokers (reasoning)

O1: Disengagement with social
features

3. Smokers engage with
social features within apps

M1: Smokers can always find other
quitters situated in similar smoking
cessation stage who share similar goals
and barriers (resource) and they feel a
sense of belonging and being understood

(reasoning)

M2: Advanced quitters share experience
of achieving long-term abstinence within

social forums and may receive praise

O1: Smokers are motivated to
stop smoking

0O2: Advances quitters self-
esteem boosted
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from fellows (resource) and they feel they
are helping others (reasoning)

M3: Smokers learn quitting strategies 0O3: Smokers become more
from successful advanced quitters skilled and confident to stop
(resource) and believe they can apply smoking

these strategies to resist cravings and

maintain abstinence (reasoning)

M4: Smokers learn from failed experience | O4: More likely to resist
to identify high-risk situations (resource) | cravings
and become vigilant to relapse

(reasoning)

MS5: Smokers share their quitting O5: Smokers are motivated to
achievement within apps (resource) and | stop smoking
create a positive sense of competition

(reasoning)

M6: Social features are poorly managed | O6: Decreased engagement
and regulated (resource), and smokers with social features
are demotivated by negative comments

(reasoning)

Table 8.2: Summary of programme theory 2 (social support)

Social support within apps can be effective when it meets the needs of smokers who
seek social support and perceive social support as useful (Shumaker and Brownell,
1984, Algassim et al., 2022). This study found that Chinese smokers often face
significant social isolation in their daily lives, caused by the social stigma associated
with smoking and lack of support from people around them. Interview data also
showed that social stigma associated with smoking often weighs more heavily on
female smokers due to traditional cultural norms concerning women's roles and

responsibilities in China. The social expectations on females can make it particularly
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challenging for female smokers to seek and receive social support in real-life
settings, as they may face harsher judgment compared to male smokers.

Online platforms, especially those within smoking cessation apps, offer a more
neutral and inclusive environment because the diverse backgrounds in terms of
reasons for smoking and smoking cessation, dependency levels, and personal traits
such as gender are overshadowed by the collective goal of overcoming the addiction
on nicotine and live independently of smoking. The social features of apps are
specifically designed to facilitate social support for all users, including female
smokers, allowing them to speak out about their challenges and experiences openly

and benefit from this non-judgmental environment without the fear of stigma.

Except for the social stigma associated with smoking, Chinese smokers can always
receive resistance to stop smoking in real life. First, their decisions to quit smoking
may not be taken seriously by people around them due to various factors, including
past failed attempts and the smoking culture in China, which regards smoking as a
well-accepted way to establish relationships or show friendliness (Wang et al., 2014,
Barnett et al., 2022). Furthermore, non-smokers may struggle to fully comprehend
the challenges of smoking cessation, leading to a lack of empathy and
understanding. This research also found that even among smoking peers, they may
not take the smoking cessation decision seriously, either due to a perceived lack of
necessity of smoking cessation or the belief that smoking cessation is an
unattainable goal. Therefore, smokers who decide to stop smoking may lack social

support in real life.

Experiencing social isolation in real life, including social stigma and lack of social
support from other people, underscores the crucial role of social support features in
smoking cessation apps (Li et al., 2024). This study found that social support
features only work for smokers who seek social support during smoking cessation
because they are more likely to engage with the social support features. However,
the social support features may not work for smokers who view smoking cessation
as a private matter, independent of social support or do not like socialising activities.
As a result, social support features may not be appealing to them, leading to
disengagement with social support features.
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For smokers who face social isolation and seek social support through apps, the
social features of smoking cessation apps can be effective by providing emotional
support, informational support, and boosting self-esteem. The first type of social
support is emotional support, which was mentioned most by participants in this
study. Being a part of a social group that shares the same goal gives them a sense
of belonging. Furthermore, since app users share the same goal and strive to quit
smoking, they may also face similar barriers and challenges. Consequently,
compared to people in real life, the quitting peers in apps are more likely to offer
encouragement and show empathy to each other. This positive feedback loop
motivates smokers to persist in their cessation journey because they feel being

understood and supported.

The second type of social support is informational support from both successful and
failed quitters. First of all, smokers will benefit from learning smoking cessation skills
and experience from advanced quitters. Therefore, they will become more confident
in keeping abstinence and skilled in managing cravings. When advanced quitters
share their experiences, including how they have maintained abstinence for such a
long time and the challenges they have faced before, it boosts their self-esteem as
they feel they are helping others and often receive praise from fellow smokers. In
addition to gaining insights from those who have successfully quit smoking, users
can also benefit significantly from relapsed smokers. When relapsed smokers share
their experiences that highlight the circumstances that led to their relapse, the
sharing of failed experiences is also a valuable resource for smokers. This is
because it helps current smokers to consider the possibility of facing similar
challenges and identifying high-risk situations. Therefore, they become more
prepared for these situations. At the same time, hearing about the regret and
disappointment conveyed by relapsed smokers also is a lesson for smokers, which

makes them more vigilant to relapse and more determined to resist cravings.

The last type of social support identified in this study was the sense of healthy
competition, acting as a strong motivational force. When quitters share their
achievements, such as the number of days they have remained abstinent, it may
naturally inspire a sense of competition, which prompts smokers to strive to surpass
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the achievements of their peers. The sense of competition is more prominent among
those who start smoking cessation on the same day, as they share the same starting
point and can see their peers dropping out of the 'battle' due to relapse.

This study identified an undesirable mechanism for the social support features.
Although app developers specifically designed the social features for users to seek
social support, if the social features are not managed and regulated well, particularly
with regard to language governance, user engagement could suffer. Negative
comments that convey negative attitudes towards smoking cessation may
demotivate smokers to quit. Additionally, since the groups within apps are focused
on smoking cessation, discussions should be highly relevant to quitting smoking, and
off-topic conversations should be appropriately restricted. If most discussions in the
group are unrelated to smoking cessation, it could reduce users' trust in the app and
make it difficult for those seeking social support to find help.

Figure 8.4 shows the mind map of programme theory in relation to social support.

Smokers face social isolation
in real life and seek social
support within apps

Yes, apps provide a highly inclusive,
active, and supportive platform No, smokers do not seek social support or
do not seek socialising activities

Smokers engage with social
features within apps Social features are not

appealing to users
Smokers feel being understood and receive /
positive feedback since they can always

find other quitters situate in similar smoking
cassation stages and share similar barriers

Social features are poorly
jed and smoks
Smokers learn from failed managed and smokers are

Smokers leam strategies from | experience and become Advanced quitters share demotivated by negative comments

' i e Smokers compete sirategies fo help others.
others' successful experince vigilant to relapse with other quit’:efs 9 P Disengagament with
social featrues

Motivated to stop smoking

Decreased engagement

More skilled to mange cravings and Self-esteem boosted with social features
confident to keep abstinent Motivated to stop smoking

More likely to resist cravings

Figure 8.4: Mind map for programme theory 2, CMOC 1,2, and 3
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In summary, social support features are essential in smoking cessation apps.
However, for those who do not seek socialising activities or do not seek social
support in smoking cessation, social support features are not appealing, and they
are likely to disengage with them. The social support features are useful only when
users seek social support during the smoking cessation journey. For smokers
seeking social support within smoking cessation apps, the social support features
provide informational support, emotional support, a healthy sense of competition,
and also boost their self-esteem. This study also found that if the social support
features are poorly managed and regulated, for example, allowing the existence of
excessive negative comments and irrelevant topics, smokers may be demotivated to
stop smoking rather than receiving social support as they desire, therefore reducing

the engagement level with social support features.

8.4 Refined programme theory 3: Relapse prevention

For smokers who expect to benefit from the withdrawal symptoms education feature
and engage with it (context), apps can provide information on why withdrawal
symptoms occur (resource mechanism), helping smokers feel less anxious about
these symptoms (reasoning mechanism), which reduces craving triggers (outcome).
However, if the management skills provided by the app lack personalisation or
detailed guidance (resource mechanism), smokers may perceive this feature as
useless (reasoning mechanism), leading to decreased engagement with the

withdrawal symptoms education feature (outcome).

For smokers who engage with the withdrawal symptoms recording feature due to
their open and realistic attitude toward cravings and their expectation of benefits
(context), apps allow them to record their cravings (resource mechanism). This
enables smokers to better understand their craving patterns (reasoning mechanism),
helping them actively avoid high-risk situations or become more prepared to handle
them (outcome). Additionally, smokers can record their real-time experience of
withdrawal symptoms in apps (resource mechanism), allowing them to vent negative
emotions (reasoning mechanism), which reduces relapse triggers (outcome).

Moreover, apps allow users to track their cravings over time (resource mechanism),
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providing smokers with a sense of control over their smoking cessation journey

(reasoning mechanism). As a result, smokers gain greater confidence in their ability

to quit smoking (outcome). Table 8.3 summarises the CMOC:s in refined programme

theory 3.

Contexts

Mechanisms

Outcomes

1. Smokers expect to benefit
from the withdrawal
symptoms education feature
and engage with it

M1: Smokers know why withdrawal
symptoms happen through engaging with
withdrawal symptoms education feature
(resource) and become less anxious

about it (reasoning)

M2: The management skills provided by
apps lack personalisation and further
guidance (resource), so smokers
perceive this feature as useless

(reasoning)

O1: Reduced relapse triggers

O2: Decreased user
engagement with the withdrawal

symptoms education feature

2. Smokers have an open
and realistic attitude towards
cravings, and they expect to
benefit from the withdrawal
symptoms recording feature,
and engage with it

M1: Apps enable users to record their
cravings (resource), including time, place,
reason, intensity etc., so smokers will be
clearer about their craving patterns

(reasoning)

M2: Apps enable users to record their
real-time experience of withdrawal
symptoms (resource), so smokers can

vent their negative emotions (reasoning)

M3: Apps enable users to record their
cravings and smoker can see their
cravings change over time (resource), so
they gain a sense of control on smoking

cessation (reasoning)

O1: Smokers avoid high risk
situations or are more prepared

to cope with them

0O2: Reduction in relapse

triggers

0O3: Smokers become more
confident to stop smoking
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Table 8.3: Summary of refined programme theory 3 (relapse prevention)

To prevent relapse, smoking cessation apps provide withdrawal symptoms education
and recording features. The withdrawal symptoms education feature was intended to
equip smokers with withdrawal symptoms-related knowledge, including the reasons
why these symptoms can occur, how long they will last, and the skills to deal with
them. Therefore, smokers will be more knowledgeable and skilled in coping with
these symptoms. Interview data showed that only smokers who expect to benefit
from this feature will engage with it. However, this study found that the engagement
level of this feature was low as smokers found the provided educational information
was not personalised, with low-intensity, and lacked further instructions. In the
context of expecting to benefit from and engage with the withdrawal symptoms
education feature and engage with it, the undesirable mechanism is the generic and
low-intensity support provided by apps, leading to decreased user engagement. For
example, when educating smokers on how to distract themselves from cravings,
apps just provide textual suggestions, such as ‘Do some exercise’ rather than
incorporating videos to guide smokers to do exercise.

Smokers expect to benefit from the withdrawal
symptoms education feature and engage with it

Smoker know why withdrawal

symptoms happen and become The educational information lack personalisation and with
less anxious about it low-intensity, so smokers perceive this feature as useless
Reduced relapse triggers Decreased user engagement

Figure 8.5: Mind map for programme theory 3, CMOC 1

The second feature to help smokers prevent relapse is the withdrawal symptoms
recording feature. Interview data showed that only smokers who have an open
attitude towards cravings and believe they can benefit from the withdrawal symptoms
recording feature will engage with it. This study found that among interviewees who
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regularly engaged with the craving recording feature, their attitudes towards cravings
were open and realistic and viewed the ability to control cravings and the reduction in
craving frequency or intensity as signs of smoking cessation progress. It indicates
that smokers’ open and realistic attitudes towards cravings increase smokers’
expectations of the withdrawal symptoms recording feature. Therefore, these
smokers will engage with this feature.

The desired outcome of the withdrawal symptoms recording feature in smoking
cessation apps that allows users to journalise withdrawal symptoms was designed to
serve as a way to help smokers become clearer about their craving patterns, so they
can identify high-risk situations and be more prepared and vigilant to them. However,
this desired outcome was only found among smokers who believe they can benefit
from the recording feature.

It was interesting to find two unintended outcomes of the withdrawal symptoms
recording feature. The first unintended outcome is that smokers vented the negative
emotions caused by smoking cessation through journalising their experience with
withdrawal symptoms, although this outcome was only observed in the smokers who
had the pre-existing habit of keeping a record of their withdrawal symptoms. In other
words, this outcome only happened to smokers who expected to benefit from this
feature and were willing to engage with it. As long-lasting negative emotions can be
a trigger for relapse (Robinson et al., 2019, Miguez and Pereira, 2021), venting
negative emotions through journalising withdrawal symptoms can reduce relapse

triggers.

Another unintended outcome was that smokers who engaged with the withdrawal
symptoms recording feature gained a sense of control over their smoking cessation
progress, thereby becoming more confident in their ability to quit successfully.
Recording cravings allows smokers to go back to review the intensity and frequency
change of their addiction, which is also one of the indicators of quitting smoking
progress.
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Smokers have an open and realistic attitude
towards cravings, and they expect to benefit
from recording their withdrawal symptoms

!

Yes

Pl M O

Smokers record their cravings Smoker vent their negative emotions Smokers record their cravings and can
e RS A A e e through journalising their withdrawal see their cravings are diminishing.
craving patterns symptoms experience Smokers get a sense of control over

their smoking cessation progress

/ Smoker become more

Smoker are more prepared to cope Reduction in smoking triggers confident to stop smoking
with high-risk situations

Figure 8.6 Mind map for programme theory 3, CMOC 2

In summary, when smokers expect to benefit from the withdrawal symptoms
education feature, if the provided information is generic and with low intensity, the
user engagement level will be quite low. App developers should note that providing
personalised information and increasing the intervention intensity is important. The
withdrawal symptoms recording feature only works for smokers who hold an open
and realistic attitude towards having cravings and expect to benefit from this feature.

8.5 Refined programme theory 4: Sustained user engagement

For smokers who expect the apps to be usable (context), apps provide multiple
media formats and personalised visual design (resource mechanism), so smokers
could engage with different features intuitively, effectively, and with satisfaction
(reasoning mechanism). Then smokers are more likely to engage with the apps

(outcome).

For smokers who expect to have a positive user experience (context), if apps have
reliable origins (resource mechanism), then smokers will believe their privacy and
security data are protected and they can use strategies to protect their privacy
(reasoning mechanism), then user engagement will not be affected by privacy and
security issues (outcome). If apps provide the record keeping feature which allows
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them to access their data whenever they reinstall the app (resource mechanism),

smokers will find this feature satisfying (reasoning mechanism), increasing the

likelihood of long-term engagement with the app (outcome). When apps provide

gamification features (resource mechanism), smokers will feel the smoking cessation

journey more enjoyable and their achievements visible (reasoning mechanism),

leading to increased user engagement on gamification features (outcome). When

apps have advertisement (resource mechanism), smokers view watching

advertisements as trade-off for using the app freely and they are tolerant to

advertisements (reasoning mechanism), so user engagement will not be influenced

by advertisments (outcome). In contrast, when apps have premium features that

need payment (resource mechanism), smokers will be dissatisfied with it because of

the low perceived value of apps (reasoning mechanism), then user engagement on

the premium features will be limited (outcome). When app features lack

personalisation and cannot meet smokers’ diverse needs (resource mechanism),

and smokers perceive low usefulness of these features (reasoning mechanism), user

engagement with features that lack personalisation will decrease (outcome). Table

8.4 presents the CMOCs in progamme theory 4.

Contexts

Mechanisms

Outcomes

1. Smokers expect the apps to
be usable, so they can use the
apps to help them stop
smoking effectively, efficiently,
and with satisfaction

M1: Apps provides multiple media formats
and personalised visual design (resource),
so smokers can engage with different
features intuitively (efficiently) and choose
their preferred visual design (satisfaction),
and also use different media formats to
meet their needs (effectively) (reasoning)

O1: Smokers are more
likely to engage with the

apps

2. Smokers expect to have a
better user experience when

using the apps

M1: Smokers believe their privacy and data
security are protected or they use strategies
to protect their privacy (reasoning) because
apps are from official app stores (resource)

M2: Smokers are satisfied (reasoning) with
the record keeping feature because it allows

O1: User engagement not
affected by privacy and

security issues
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them to access historical data whenever 0O2: Smokers are more
they download the app again (resource) likely to engage with the

app in the long-term

M3: Apps provide gamification features

(resource) and smokers feel the smoking

. , O3: Increased user
cessation journey more enjoyable and

. L . engagement on
achievements visible (reasoning) ga9

gamification features

M4: If apps have advertisement (resource),

smokers view watching advertisements as

trade-off for using the app freely and they O4: User engagement not

, . influenced b
are tolerant to advertisements (reasoning) i y

advertisments

MS5: If apps have premium features

(resource), smokers who perceive low value

of apps are dissatisfied with the premium ©5: Limited engagement

: ith ium feat
features that need payment (reasoning) with premium teatures

M6: App features lack personalisation and
cannot meet smokers’ diverse needs
(resource), and smokers perceive low

. O6: Decreased user
usefulness of these features (reasoning)
engagement with features

that lack personalisation

Table 8.4: Summary of programme theory 4 (sustained user engagement)

This programme theory is mainly about how usability and user experience affect user
engagement levels. Interview data showed that smokers expect the apps to be more
usable so they can engage with the apps to stop smoking more effectively,
efficiently, and with satisfaction. The ease-of-use attribute allows smokers to engage
with different app features intuitively and efficiently, without confusion. In addition,
this study found smokers have diverse needs in terms of how they access resources
within apps. For example, when accessing short pieces of information, they would
prefer a textual format. However, when displaying the risks of smoking, images may
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have a greater visual impact and can strengthen their motivation to quit smoking
more effectively than textual descriptions. Interview data also showed that smokers
have different preferences in terms of visual design elements. Thus, providing

personalised style settings allows smokers to engage with the apps with satisfaction.

Smokers expect the apps to be usable

Apps are deisgned to be easy to use, provide multiple
media format and personalised visual design

|

smokers can engage with different features intuitively (efficiently) and
choose their preferred visual design (satisfaction), and also use different
media formats to meet their needs (effectively)

Smokers are more likely to engage more with the apps

Figure 8.7 Mind map for programme theory 4, CMOC 1

Interview data showed that user experience design could affect user engagement
levels. It was interesting to find that smokers were not worried about their privacy
and security issues if the apps were downloaded within official app stores or if they
believed their privacy and security could be protected using their evolved strategies,
such as using the anonymity feature. For these smokers who believed their privacy
and security were protected well, their engagement level will not be affected by this
issue. However, it is possible that Chinese smokers’ trust in institutions such as
official app stores is misplaced or that their privacy protection strategies are
insufficient. Although this study found that user engagement levels were not affected
by privacy and security concerns, app developers should still fully consider user data
protection issues and explicitly explain the privacy terms to users before they start
using the app.
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This study found that the record-keeping feature was important for long-term
engagement. As found in theme 3 (self-efficacy), smokers will decrease their
engagement levels with apps when they believe in their abilities to stop smoking.
However, since relapse is common in the process of quitting smoking (Marlatt and
Gordon, 1985, Melemis, 2015), smokers may download the app again and continue
using its features to help them quit smoking. Interview data found that if smokers
discovered that their previous data was still saved, they were more likely to continue

using the app they used before, as they wanted to see their historical quitting data.

The gamification features were effective in boosting user experience and making the
smoking cessation journey more enjoyable. For example, the achievement system,
such as the rank system, made smokers’ achievements visible. Smokers who found
the apps enjoyable to use will be more likely to engage with these gamification
features.

Interview data showed that advertisements and the membership fee affect user
engagement levels differently. In this study, smokers viewed watching a few seconds
of advertisements as the trade-off for using the app for free. Therefore, they were
highly tolerant of advertisements, and they did not affect their user experience and
engagement level on the apps. In contrast, smokers who perceived the low value of
smoking cessation apps were dissatisfied with the membership fee, which negatively
affected the user engagement level of these premium features.

Lastly, although personalisation was expected by interviewees, smokers denied that
the apps had provided personalised features. For smokers who seek support within
apps but cannot receive support to meet their needs due to the lack of
personalisation, their user experience will be negatively affected. Therefore, the

engagement level of the features that lack personalisation will decrease.
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Smokers are more likely to engage Limited engagement with
with the app in the long-term premium features

Smokers are satisfied with the record Smokers who perceive low value of
keeping feature because it allows them to apps are dissatisfied with the premium
access historical data whenever they features that need payment
download the app again
Increased user engagement
on gamification features
Smokers expect to have a better user e e
. h NG iheanne S— CaNNOt meet smokers' diverse needs, and
i o experience when using PP smokers perceive low usefulness of these
Apps provide gamification features that make features

the smoking cessation journey more enjoyable

and achievements visible \

Decreased user engagement with
features that lack personalisation

. o Smokers view watching advertisements as
Smokers believe their privacy and trade-off for using the app freely and they are
data security are protected tolerant to advertisements

User engagement not
influenced by
advertisement

User engagement not affected by
privacy and security issues

Figure 8.8 Mind map for programme theory 4, CMOC 2

In summary, smokers expect smoking cessation apps to be more usable. Smoking
cessation apps that are easy to use and provide multiple modalities and
personalised interface design allow users to engage with the apps effectively,
efficiently, and with satisfaction. Smokers’ experience of using the apps to quit
smoking was linked with user engagement levels. This study found the recording-
keeping feature was effective in increasing long-term user engagement levels for
smokers who expect to access their historical quitting smoking data. For quitting
smoking, which requires long-term commitment and may involve multiple attempts,
the record-keeping feature is essential. Whether advertising and membership fees
affect user experience depends on whether users perceive them as valuable. For
smokers who perceived the advertisements as a trade-off of using the app for free,
their engagement level was not affected. However, membership fees dissatisfied
smokers who perceive smoking cessation apps as less valuable and believe
smoking cessation mainly depends on an individual’s efforts. Despite smokers
expecting smoking cessation apps to provide personalised support to meet their
varying needs, they found the personalisation features of the apps to be
unsatisfactory. Therefore, the user engagement level was negatively affected.
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CHAPTER NINE: Discussion

9.1 Introduction

This last chapter outlines the contributions of this study to knowledge, reflexivity, the
strengths and limitations of this research, and implications for future practice and
research. When deciding on the format for writing the contributions to knowledge, |
initially considered using the research questions as subheadings. However, since
each programme theory emphasises different aspects of contexts, mechanisms, and
outcomes, introducing various contexts, mechanisms, and outcomes under separate
subheadings could lead to confusion. Moreover, considering that it is difficult to
explain intended and unintended outcomes without the introduction of context-
mechanism interplay, | finally decided to articulate the contributions under important
areas of the programme theories.

9.2 Contributions to knowledge

The overall aim of this study was to examine what aspects of smoking cessation
apps work for Chinese smokers, under what circumstances, and why. This
evaluation starts with the identification of IPTs about how smoking cessation apps
help Chinese smokers stop smoking through two systematic reviews (Chapters 4
and 5) and interviews with Chinese health workers (Chapter 6). Four IPTs were
formulated: boosting motivation and self-efficacy, social support, relapse prevention,
and sustained user engagement. The first three IPTs were about how smoking
cessation apps achieve their desired outcome of helping smokers stop smoking, and
the last IPT was about how different aspects of smoking cessation apps affect user
engagement levels. To start theory testing and refinement, each IPT was formulated
into CMOCs and ‘if...then...because...’ statements (Chapter 6).

Overall, the findings of this research are consistent with previous research,
demonstrating that smoking cessation apps can assist motivated smokers in
stopping smoking by boosting their motivation and self-efficacy (Rajani et al., 2021a),
providing social support (Smith et al., 2017, Granado-Font et al., 2018), and
providing educational knowledge, as well as keeping a record of withdrawal

symptoms, including cravings (El-Hilly et al., 2016, Herbst et al., 2020).
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Lastly, this study found different aspects of usability and user experience design
affect user engagement levels, which is also consistent with a previous literature
review (Garett et al., 2016). User engagement level is an important influencing factor
in the success of mHealth interventions (Borghouts et al., 2021), although whether a
higher user engagement level could lead to better health outcomes is still a debate.
The relationship between the user engagement level of smoking cessation apps and
their effects on smoking cessation outcomes was explored by previous research. For
example, Bricker (2021) found that the effect of the iCanQuit app on smoking
cessation was influenced by various indicators of user engagement, such as the
number of logins, number of days of use, etc. However, not all previous research
supports the idea that user engagement can be directly related to better smoking
cessation outcomes. For example, Smith et al. (2017) found productive
disengagement and counterproductive engagement can both exist during the use of
smoking cessation apps. In this study, smokers with high efficacy levels tend to
decrease engagement levels but still persist in smoking cessation. In such cases,
user engagement levels cannot be directly linked with smoking cessation outcomes,
such as abstinence days.

The following sections discuss the key findings of this study to explain what
contextual factors and mechanisms interact with each other to cause the success or
failure of smoking cessation apps.

9.2.1 Motivations for short-term and long-term abstinence

The results of this evaluation suggest that smoking cessation apps only work for
smokers who are motivated and believe in the effects of smoking cessation apps.
This finding was consistent with previous research on the transtheoretical model,
which found that individuals in the preparation stage should be the target population
and can benefit more from behaviour change interventions (Prochaska, 2008). If
smokers are not motivated to stop smoking, or if they do not believe smoking
cessation apps could be effective tools, they will not choose to use apps, or user
engagement could be counterproductive. Through app features that show the

benefits of smoking cessation, such as health gains and financial savings, etc.,
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progress of quitting smoking, such as abstinence days and rank system, etc., and
educate the risks of smoking, smokers’ extrinsic and intrinsic motivation could be
boosted. In addition, smokers’ self-efficacy will be boosted through the accumulation
of quitting achievements and progress. Although smoking cessation apps provide a
diversity of components showing smoking cessation gains and progress, which app
features engage smokers more depends on users’ specific needs. Therefore, it is
important to design various app features to show quitting progress and gains to

boost smokers’ motivation, considering that smokers’ needs can be distinct.

Specifically, this research found that both intrinsic and extrinsic motivation play a role
in helping smokers make the decision to continue with abstinence. The findings of
this research also indicate that intrinsic motivation has a longer-lasting effect
compared to extrinsic motivation. The key driving force that continuously encourages
smokers to quit smoking is their intrinsic motivation, which is the understanding of
the benefits of quitting smoking and the risks of smoking. This finding echoes
previous studies that smokers with a higher level of intrinsic motivation are more
likely to quit smoking successfully compared to those primarily driven by extrinsic
motivation (Curry et al., 1990, Choi et al., 2014). Another study also found that after
a 12-month follow-up, even though financial incentives increased the use of
intervention, they did not improve the abstinence rates among smokers (Curry et al.,
1991). App features that enhance intrinsic motivation are crucial as they solidify
smokers' determination to quit, allowing them to continue their efforts to quit smoking
even without external incentives or the use of the app, which is vital for long-term

success in quitting smoking.

This study also found that self-efficacy plays a vital role in long-term abstinence. The
effect of self-efficacy in behaviour change is confirmed by research evidence over
decades (Bandura and Adams, 1977, Bandura and Wessels, 1994, Gwaltney et al.,
2009). When smokers are more confident in their ability to quit smoking successfully,
they are more likely to persist in smoking cessation in the long term. Smoking
cessation apps provide extrinsic motivation, such as tracking quitting progress, which
acts as a key factor in enhancing self-efficacy. When their quitting achievements and
capabilities are confirmed by various data displayed in the app, their self-efficacy is
boosted. Overall, while the extrinsic motivation provided by the app attracts smokers
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to use the app and persist in smoking cessation in the short term, these extrinsic
incentives can enhance smokers' self-efficacy, which also plays a role in long-term

abstinence.

Drawing on the self-determination theory (SDT) can help to understand and explain
the first programme theory about how smoking cessation apps provide cognitive
support to assist smokers in stopping smoking (Chapter 2). SDT focuses on the
three psychological needs when striving for personal goals, namely autonomy,
competence, and relatedness (Deci and Ryan, 2013, Ryan, 2023). The
psychological need for autonomy explains why smoking cessation apps are only
effective for those who are already motivated to quit smoking, which is an important
contextual factor for the success of smoking cessation apps. If smokers lack
autonomy, for example, if they are quitting under external pressure, then the use of
apps may backfire. For those who are not autonomously quitting or not considering
quitting at all, the presence of the app might produce an unintended consequence by
reminding them of how many days they have left cigarettes, which could trigger
stronger cravings to smoke. What the app can do in this regard is to reinforce the
dangers of smoking and the benefits of quitting, thus motivating them to make
autonomous decisions to stop smoking. App features that nurture extrinsic
motivation meet the psychological need for competence. App features that track
progress, such as the number of abstinence days, money saved, and health
recovery, as well as gamification features like reward systems and rank systems, all

play a role in enhancing the smoker's sense of competence.

9.2.2 Positive and negative information

As introduced in Chapter 2, Protection Motivation Theory (PMT) suggests that
behaviour change is influenced by two pathways, namely the threat pathway and the
coping pathway (Rogers, 1975). In the context of smoking cessation, the threat
pathway involves smokers’ consideration of the severity and vulnerability of smoking,
along with the perceived benefits they get from smoking, such as temporary pleasure
or social connections. The coping pathway, on the other hand, refers to the benefits
of smoking cessation, perceived self-efficacy, and the costs associated with quitting

smoking, such as failing to smoke to alleviate stress or maintain social connections.
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The consideration of both pathways influences smokers’ decision to quit. The ‘carrot
and stick’ motivational approach is often employed by smoking cessation apps to
combine an emphasis on the risks of smoking and the benefits of smoking cessation
(Volpp and Galvin, 2014, Mahmoodi et al., 2018).

However, this study found that positive stimuli were more attractive to smokers, such
as the benefits of quitting smoking, compared to negative stimuli, such as the risks of
smoking. This finding is consistent with previous research findings (Paay et al., 2014,
Edwards et al., 2018, Schick et al., 2018, Luna-Perejon et al., 2019, Struik et al.,
2019). For instance, Edwards et al. (2018) found that smokers preferred apps to
focus more on positive emotional content to promote relaxation and happiness
during smoking cessation. Although app developers design smoking cessation apps
that leverage the strengths of both pathways to motivate smokers to quit, the use of
negative stimuli should be carefully considered due to potential unintended
outcomes that trigger cravings. The research findings indicate that while positive
stimuli benefit most app users, negative stimuli should be employed with caution
because smokers have different backgrounds and knowledge levels of the risks of
smoking. For example, if smokers inherently dislike receiving negative feedback,
frequent negative information may backfire, triggering negative emotions such as
fear and anxiety, which can be a significant risk factor for future smoking behaviour
(Yan et al., 2019). App developers should consider providing personalisation in
terms of functionality (Romeo et al., 2019), for example, giving users the autonomy
to choose which information they prefer to receive rather than overwhelming users

with considerable unsolicited information.

9.2.3 Fight alone or embrace social support

Social support is defined as beneficial interactions between support providers and
recipients that help someone reduce uncertainty about the situation and enhance a
sense of control over their experiences (Albrecht and Adelman, 1987). This study
found that experiencing social isolation, including social stigma and a sense of
loneliness (Chapter 7), is the contextual factor for the success of social support
features. Smokers may face social isolation and lack social support in real life

because non-smokers or smokers who are not motivated to stop smoking cannot
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fully understand their smoking cessation journey and empathise with them.
Therefore, they seek social support from other quitting peers in smoking cessation

apps.

According to SDT (Deci and Ryan, 2012b), the third psychological need of smokers
when striving for long-term abstinence is relatedness. However, this study found that
not all smokers are keen to receive social support during smoking cessation. The
reasons why they perceive social support as unnecessary can be rather
complicated. First, smokers are individuals with diverse personalities (Roccas et al.,
2002), and preferences for types of assistance (Owen and Davies, 1990). In
addition, this study found that the acceptance level of social support is also linked
with past quitting experiences and smokers’ background. For example, smokers who
have sought social support from their friends to stop smoking but failed will be
demotivated by this experience to rely on social support for smoking cessation in the
future. This indicates that social support is not universally effective but rather
depends on the specific circumstances of different smokers.

This study found that smokers who do not like socialising activities or do not seek
social support in smoking cessation are less likely to engage with social support
features. This finding is consistent with previous research, which suggested that
social support is most effective when it matches the needs and preferences of
people who require it and it is perceived as useful and effective by these individuals
(Shumaker and Brownell, 1984, Cutrona and Russell, 1990).

Social support covers different domains. The exact number and definition vary
between authors. For the purpose of this study, | distinguish between five types of
social support: informational support (offering suggestions, guidance, information,
and feedback), emotional support (showing empathy, encouragement, and
understanding), esteem support (offering affirmation and respect), network support
(providing social connections and interactions), and tangible support (providing,
practical help, such as financial assistance) (Cobb, 1978, Schaefer et al., 1981,
Barrera, 1986, Cutrona and Russell, 1990, Westmaas et al., 2010, Algassim et al.,
2022). This research identified informational support, emotional support, and esteem
support from the social features of apps. However, network support and tangible
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support were not found in the interview data with smokers. The possible reason is
that users lack sufficient trust in other smokers they met on online platforms or they

are concerned about personal information and privacy.

Informational support in smoking cessation indicates that smokers provide
information on how to deal with different situations regarding smoking cessation. It
can include how to deal with cravings and skills to manage withdrawal symptoms
(Westmaas et al., 2010). In this study, smokers can receive informational support
through learning quitting strategies from experienced quitters and being alert to high-
risk situations by knowing the failed experiences of relapsed smokers. Emotional
support in smoking cessation indicates providing emotional feedback, such as
encouragement, understanding, and empathy, to other smokers (Westmaas et al.,
2010). In this study, smokers provide emotional support to each other by showing
empathy and understanding and sharing their similar experiences on social platforms
within apps. Another type of social support identified in this study was esteem
support, which existed among successful quitters who shared their experiences with
other smokers and were regarded as ‘role models’ by other smokers, thereby
boosting their self-esteem.

It was interesting to find that smokers who were situated in a social group where
group members share the same goal of pursuing abstinence, for instance, will
automatically get a sense of healthy competition to motivate them to remain
abstinent. This finding was consistent with a previous study, which found that
competing with other quitters to stay smoke-free for a longer period was highly
motivational (Paay et al., 2015b). The effects of competition have been discussed by
other research over decades (Deci et al., 1981, Tauer and Harackiewicz, 2004,
DiMenichi and Tricomi, 2015). Tauer and Harackiewicz (2004) found competition
boosts performance and intrinsic motivation, while in Deci et al. (1981), competition
is regarded as extrinsic motivation in nature and can shift attention from the task
itself, thereby decreasing intrinsic motivation to the target activity, such as smoking
cessation. DiMenichi and Tricomi (2015) found competition is effective in physical
activities but not in memory activities. Overall, the effects of competition are complex
and multifaceted. While competition can potentially boost motivation and
performance, it may also lead to a shift in attention to the target activity. Therefore,
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when introducing a competition mechanism in a smoking cessation app, it is
necessary to ensure that the competition mechanism does not interfere with the
target goal of quitting smoking. Although competition is not traditionally included in
the types of social support, this study found that the positive competition generated
during the use of social support features can motivate smokers to stay abstinent,
even though the sense of competition is not the primary goal of the social features.

This study also found that poorly managed and regulated social support features will
lead to decreased user engagement on these features. To ensure the positive
effects of social features within apps, it is crucial to implement robust management
practices. Therefore, app developers should consider two things. Firstly, implement
language management strategies to keep the social group atmosphere positive and
supportive, possibly by developing features that allow users to block posts they find
negative. Secondly, implement topic management to maintain the focus of the social
groups within the app, which might be achieved through reminders by system

administrators that this is a group for quitting smoking.

9.2.4 Relapse prevention

The relapse prevention features mainly include educating smokers on tips to
manage withdrawal symptoms and recording them within apps. The study findings
showed that the user engagement level with the withdrawal symptoms education
feature was low because the provided information lacked personalisation and
practicality. This finding echoed previous research that explored the effectiveness of
relapse prevention interventions in smoking cessation. Lancaster et al. (2006)
conducted a systematic review to assess whether relapse prevention interventions
were effective in decreasing the rate of relapse after a successful quitting attempt.
This systematic review found that behavioural interventions that incorporated skills
training to identify and resolve high-risk situations to manage cravings were not
effective. The authors suggested that the possible reason was that most included
interventions had low intensity, such as only providing written materials, mailings,

etc., which were less likely to produce significant effectiveness in preventing relapse.
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The current study identified two possible reasons for the low engagement of
withdrawal symptom education features. The first possible reason was the
mismatching between user needs and the feature. In this study, when smokers
believed they did not benefit from the skills to overcome withdrawal symptoms, this
feature remained mismatched with user needs, leading to a low engagement level
(Chapter 7). For example, some smokers felt that cravings pass quickly, and seeking
help from apps was unrealistic and meaningless during this brief period. The second
reason for the low engagement level was the low-intensity and non-personalised
support provided by apps. When smokers decide to use the withdrawal symptoms
education feature, their engagement level decreases if they find the provided
information lacking personalisation and practicality (Chapter 7).

In this study, the withdrawal symptom recording feature worked for smokers who
held an open and realistic attitude towards cravings and believed they could benefit
from recording their cravings. Previous studies also emphasised the importance of
accepting having cravings as a normal part of smoking cessation. For example,
mindfulness-based smoking cessation interventions aim to increase smokers'
awareness of their cravings by observing thoughts, emotions, and sensations when
cravings arise (Maglione et al., 2017, Oikonomou et al., 2017).

For smokers who are unfamiliar with their smoking patterns, documenting cravings
can help them identify high-risk situations and develop appropriate strategies
(Bendotti et al., 2022). Meanwhile, for those who are keen to track changes in their
cravings, maintaining a record and observing a decline in craving frequency or
intensity can boost their confidence in managing cravings and maintaining
abstinence. Previous research also posed evidence that viewing cravings frequency
decrease within apps can produce pleasure among smokers (Armin et al., 2017).

9.2.5 Sustained user engagement

This study found that usability and user experience design are linked with user
engagement levels. Good usability and positive user experience can predict higher
user engagement levels, helping smokers interact with apps more effectively,
efficiently, and with satisfaction.
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The findings of this study indicated that usability could improve through ease of use,
providing different media formats and visually appealing interfaces that allow
customisation to meet different user needs, and considering different user needs to
increase accessibility. This finding was consistent with previous research, which also
found that simplicity, graphical representations, readability, etc., are essential design
elements for higher user engagement (Naumann, 2008, Garett et al., 2016).

Moreover, this study found that users had a positive user experience when apps
were more enjoyable and made them feel they were safe and their privacy was
protected. Although users expected safe and privacy-protective apps, their
awareness of privacy protection did not seem high. They often underestimated the
capabilities and possibilities of online information theft. Previous research has
confirmed that user experience can be improved by having anonymity features or
allowing virtual avatars or profile photos, which makes users trust the app more,

thereby increasing user engagement level (Kang et al., 2013).

When asked which aspects of smoking cessation apps affected user experience,
smokers most frequently mentioned the impact of advertisements and membership
fees. Although past research has found the negative impacts of advertisements on
online interventions, such as reducing usability or causing negative emotions (Brajnik
and Gabrielli, 2010), this study found that smokers have a high tolerance for
advertisements included in smoking cessation apps. This may be because they view
watching advertisements as a trade-off for using apps for free, and advertisements
are generally short, allowing users to "skip" after a few seconds. However, this study
found that app features which required membership fees would negatively affect
user experience, therefore, reducing user engagement level on these paid features.

Lack of personalisation was another factor that negatively influenced user
experience in this study. Interestingly, there is a discrepancy between the findings of
this study and previous research regarding the personalisation characteristic. The
qualitative systematic review in Chapter 4 (Zhang et al., 2023) found that amongst
some studies, smokers liked personalised features. However, when asked in which
directions apps could improve, few interviewees mentioned enhancing personalised

239



features. This discrepancy may be because smokers had low perceived usefulness
of smoking cessation apps and did not expect them to provide personalised features
or because smokers were not aware of the potential benefits of personalised

features, leading them to underestimate the significance of personalisation.

9.3 Reflexivity

This research is a realist evaluation using qualitative methods. Qualitative research
is contextual (Ritchie and Lewis, 2003). If qualitative researchers describe the
contextual relationships between the research elements, such as participants, place,
time, etc., and themselves, the credibility of qualitative research is increased (Watt,
2007). To ensure the rigour and quality of the qualitative research, it is the
researcher’s responsibility to clarify all self-knowledge, personal beliefs, past
experiences, and potential biases that can have an impact on the research
(Dodgson, 2019). Reflexivity is a concept that has been used for over a century,
which not only improves the credibility of the research findings but also deepens
readers’ understanding (Mitchell et al., 2018). Reflexivity is the process in which
researchers critically reflect on themselves, recognising their influence on the
research topic and participants and how the research experience impacts them
(Malterud, 2001, Dodgson, 2019). Since qualitative research was developed based
on the interaction between the researcher and participants., | self-reflected this
research in several aspects, including recruitment, data collection, data analysis and

interpretation (Finlay, 2002).

In realist evaluation, to formulate and test IPTs, interviewing different stakeholders is
common to gain their insights on how the intervention works (Westhorp et al., 2011).
During the first stage of formulating IPTs, along with the two systematic reviews, |
conducted interviews with Chinese health workers who were working in a smoking
cessation clinic and respiratory departments in two hospitals (hospital A in an urban
city and hospital B in a rural city). All institutions that allowed me to recruit
participants were accessed through my social or academic connections. One of my
undergraduate professors introduced Hospital A to me. The professor also
introduced me to the smoking cessation clinic, which had cooperations with hospital
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A. The other hospital B, which is located in a rural city, also agreed for me to recruit
participants in their hospital through my social connections.

| self-reflected that although the recruitment process was conducted by myself, the
recruited health workers might know that | knew someone they had connections to.
This has some advantages for the research because they can fully trust that | am a
PhD student from a legitimate institution and that my research was strictly adhering
to ethical requirements, which perhaps gave them reassurance to participate in my
interviews. However, this indirect social relationship was also of concern to me as |
worried that they would say what they thought | wanted to get. To avoid this, as part
of the recruitment process, | sent them an electronic information sheet and explained
the purpose of the research to them, emphasising that their genuine thoughts are
crucial to the research. | also briefly introduced that both positive and negative
comments on smoking cessation apps were valuable. During the interview process, |
often emphasised the purpose of this research and encouraged them to be honest

and talk about their opinions openly because the data was going to be anonymised.

Recruiting smokers via online social media offered several advantages. Firstly,
participants came from different regions across China, and secondly, it increased the
possibility of recruiting participants using a range of smoking cessation apps, which
might increase the richness of data. However, online recruitment also has some
challenges. For example, it was essential to build their trust in me and my research.
Therefore, | included all research details in the information sheet, including the
research aim, participants’ rights and obligations, and how the collected data would
be used and protected, etc. When potential participants showed interest, | first
introduced myself as a PhD candidate from the University of Edinburgh and showed
my student card to build their trust in me, followed by sending them the electronic

information sheet and consent form if they were willing to take part.

This research generally aimed to explore how smoking cessation apps help smokers
stop smoking. | am a non-smoker and have not used any smoking cessation apps
before, but | have used other types of behaviour change apps, such as an app for
tracking fasting times. In addition, since IPTs were formulated from existing
literature, it was challenging to refrain from incorporating my pre-understanding of
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how smoking cessation apps might work based on my past experience of using
health apps and the existing behaviour change concepts and theories (Krefting,
1991). To prevent my pre-existing views from influencing the interview process, |
used semi-structured interviews to give participants space to express their own
opinions and modulated the IPTs formulated in stage one to be used in the interview
guide with smokers by removing some specific details instead of presenting smokers
with beautifully crafted and insightful CMOCs (Pawson and Tilley, 1997b). The
modulation of IPTs to form the realist interview questions was advantageous
(Manzano, 2016). First, it gave participants some space to fill in the gaps and
contributed more causal insights, and secondly, it minimised the influence of my
opinions on their responses since the way | phrased interview questions inevitably

guided their responses.

In the testing stage, | conducted interviews with Chinese smokers, with the
transcription of interviews from smokers interviewed earlier as well as later
interviews occurring simultaneously. This means that as the interviews progressed, |
gradually became more familiar with how smoking cessation apps help smokers quit.
In qualitative research, the way researchers subjectively comprehend and interpret
the data can impact the study's credibility and reliability (Noble and Smith, 2015). In
this PhD project, | was the data collector and also the data analyst, which could
potentially lead to bias influenced by my subjective thoughts (Miles and Huberman,
1994). To address this issue, | checked my understanding of previous smokers’
meanings by presenting them to the following interviewees. For example, as
interviews progressed, | had a sense that smokers who reduced engagement with
apps might have gained strong self-efficacy to stop smoking. In the following
interviews, | asked the interviewees, ‘Previous participants said they will not use the
app anymore if they believe they are confident enough to keep abstinent without the

help of apps. What do you think about it?’.

Considering the impact of Covid-19 at that time, it was difficult to meet participants
from different regions in person. Thus, online interviews were deemed appropriate.
To improve the quality of the collected data, | tested the Internet before entering the
formal interview process in case a poor Internet connection influenced the interview

process (de Villiers et al., 2022). To reduce the sense of disconnect of participants, |
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used a casual tone to ask about their daily lives during formal interview processes.
Furthermore, to build rapport with them, | also reminded them to move beyond the

formalities of interviewer and interviewee and have a friendly conversation.

During the data analysis stage, | always self-reflected whether the interpretation was
centred on the interviewees’ views or experiences. Data analysis reports with
selected quotes were also regularly sent to the supervision team to check the
accuracy of interpretation. When the supervision team was skeptical about the
findings, | went back to the original transcripts to interrogate a wider scope of what

the interviewee said to accurately understand participants’ meanings.

Interviews with smokers could only be undertaken using Mandarin because English
is not one of the official languages in mainland China, and Mandarin is the standard
language across different regions of mainland China (Mandarin is also my mother
tongue). Therefore, translating transcripts into English for data analysis could lead to
a lack of comprehensive understanding or misinterpretation of the interviewees'
genuine meanings (Temple and Young, 2004, Squires, 2009). After a discussion with
the supervision team, | decided to analyse the transcripts in the original language
and only translate selected quotes into English in this thesis. To ensure that the
English translations of the quotes retain their original meaning, the words in English
were carefully chosen. When ambiguities arose, | used a bilingual dictionary to check
the meanings of specific English words to determine whether to replace them with

another word.

9.4 Strengths and limitations of this research

9.4.1 Strengths of this research

Throughout the whole research progress, transparency was guaranteed through
clearly recorded and reported details to the supervision team, ensuring a high level
of clarity and accountability. To ensure the rigour of this PhD research, several

measures were undertaken.
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Firstly, the literature reviews adhered closely to the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins et al., 2022), with each phase of the
review process being thoroughly discussed with and agreed upon with the
supervision team. Expert assistance was sought to guarantee comprehensive and
systematic literature searches, including consultation with the librarian in the School
of Health in Social Science at the University of Edinburgh. Secondly, before field
interviews started, this research obtained ethical approval and a sponsorship letter
from the University of Edinburgh (Appendix 1 and 10) and maintained strict
adherence to these ethical guidelines throughout the research process. Thirdly,
before starting the interviews, | had a practical session with another doctoral student
who was experienced in realist interview techniques to strengthen my interviewing
skills. Fourthly, to thoroughly understand how to collect, analyse, and interpret data
in realist evaluation, | attended realist evaluation methodology training and presented
my work at a realist conference to gain other realists’ feedback. | also extensively
searched realist evaluation studies published in the past five years, identifying
commonalities and limitations and considering which data analysis method was
suitable for this research. This exercise influenced my choice of content thematic
analysis as a data analysis method for this study. Last but not least, in stage one,
IPTs were formulated and presented in both CMOCs and narrative

‘if...then...because’ descriptions to ensure each IPT was thoroughly conceptualised.

The flexibility of semi-structured interviews also benefits this study, which aims to
explore the contexts, mechanisms and outcomes of using smoking cessation apps. It
not only allows the use of previously formulated IPTs to shape the interview guide
through realist interviewing but also enables the exploration of deeper insights based
on the interviewee's answers to gather richer data. For example, when a smoker
mentioned that he used to engage with the daily check-in feature in the app during
the first year of using it, but he rarely opened the app to check in now, although he
still kept abstinent, semi-structured interviews allowed me to ask follow-up questions
to clarify the context or reasoning behind this response (Maxwell, 2012a). This is
very important for realist evaluation studies, as interviewees sometimes only report
the outcomes after using the intervention, but the contexts and mechanisms that
produce these outcomes often require deeper exploration by the interviewer
(Pawson and Tilley, 1997b).
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9.4.2 Limitations of this study

This study also has some limitations. Firstly, during the initial phase of formulating
IPTs, all recruited health workers were from the central region of China, which may
impact the applicability of the study findings. Therefore, the results of this study
should be applied with caution to other contexts with different economic and cultural
backgrounds. In addition, the transferability of the findings may also be influenced by
the homogeneity of the sample considering gender, age, and education level. The
majority of the participants were relatively young, highly educated, and there were
few women among them. This may limit the transferability of the results to other
smoker groups, such as women, older adults, or individuals with lower levels of

education.

Secondly, to understand how smoking cessation apps help smokers in China to quit
smoking, important stakeholders include app developers, tobacco control
policymakers, health workers who assist smokers in quitting smoking, and app
users. Ideally, it would involve all these stakeholders to gain a more comprehensive
and deeper understanding of how underlying mechanisms are activated under
different contexts to achieve intended outcomes. However, since all smoking
cessation apps available on the Chinese market are commercial products and not
developed by governmental or research institutions, it is challenging to contact app
developers directly because they rarely display their contact information in the app
store. Despite this challenge, | still managed to contact an app developer of one
smoking cessation app on the market through its website. To confirm his
appropriateness for the study as a key stakeholder who could contribute data to
formulate IPTs, | had some basic chats with him to identify his logic for designing this
app. In preliminary discussions, the app developer mentioned that the app was
created based on his personal smoking cessation experiences and that all features
and characteristics of the app were designed based on personal ideas rather than
being evidence-based. Therefore, | did not interview this app developer. Moreover, in
China, including policymakers in research is hardly approachable. Although some
smoking cessation studies collaborate with Chinese government bodies, such as the
Chinese Center for Disease Control and Prevention (CDC) or prestigious higher
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education institutions, this PhD project did not collaborate with such departments,
making it difficult to access policymakers or obtain their information. Although | sent
emails to the authors of publications in relation to smoking cessation apps in China,
who are affiliated with the Chinese CDC, | did not receive replies from them.
Therefore, only health workers who assist smokers in quitting smoking and app

users were interviewed in this study.

Thirdly, due to time and resource constraints within this PhD project, the formulated
IPTs were tested once. As scientific realism suggests, there is no final truth in
science (Pawson and Tilley, 1997b). Therefore, the programme theories developed
in this study are merely an approximation of reality. Theory testing and refinement is

an ongoing process that extends beyond the completion of the study.

Fourthly, since interviews with smokers were conducted online, some important
visual cues, such as postures or facial expressions, might be missed (Fielding and
Thomas, 2001). In addition, rapport between researchers and participants is
essential to guarantee the quality of collected data and improve the understanding of
it (Shuy, 2001). Face-to-face interviews are originally favoured by researchers
because they make it easier to build and maintain rapport with participants (Shuy,
2001).

Last but not least, the last programme theory of this research found how different
usability and user experience attributes link with user engagement levels. As a
complementary result of this programme theory, it would be ideal to include a user
study to further explore to what extent different usability and user experience
attributes affect user engagement levels. However, this idea was not put into practice
due to the time and resource limitations of the PhD project.

9.4.3 Practical challenges

The Covid-19 outbreak posed significant challenges to my research. From
September 2021 to March 2022, | was busy looking for hospitals willing to allow me
to conduct recruitment. At that time, the pandemic prevention policies in China were

the strictest, with many hospitals implementing strict policies to prohibit external
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visitors. Even inpatients were required to have at most one family member to stay in
the hospital, and they were not allowed to leave the hospital during the
accompaniment period, or they had to undergo one more set of complicated
procedures to be readmitted. As an 'external visitor' who had returned from abroad, it
was very difficult for me to even enter hospitals, so | had to contact my academic
and social connections for help.

This research is an interdisciplinary study that combines perspectives from HCI and
addictive behaviour recovery as well as public health intervention evaluation. When |
started this PhD project, all my academic background was public health-related,
which encompasses knowledge of medicine and social science. Although |
previously had some basic programming skills and successfully developed a
prototype app for managing chronic diseases, my expertise in informatics and HCI
was limited. To address this gap, | audited HCI-related courses during the first and
second years of my PhD. Furthermore, following the advice of my supervision team,
| also read books related to user-centered design. In addition, during the data
analysis stage, HCI-related codes and themes were discussed with another PhD
candidate from the Informatics School at the University of Edinburgh to gain his
insights on how to name, map, and categorise these codes and themes.

9.5 Implications for future practice

It is important to consider how evidence from this research can inform app
developers to design smoking cessation apps that better meet user needs.

To inform future practice, the 15t qualitative systematic review (Chapter 4) has been
published in a peer-reviewed journal (Zhang et al., 2023), and the manuscript of the
24 systematic review (Chapter 5) will be submitted to the International Journal of
Medical Informatics after submitting this thesis.

9.5.1 Implications for app developers

Since the four programme theories identified in this study are evidence-based, they
can be used to develop a smoking cessation app that meets user needs better.
When designing a smoking cessation app, it is crucial to have an app feature that
displays the positive changes that occur after quitting smoking to boost smokers’
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motivation to quit. However, app developers should also consider that different users
have varying tolerance levels for negative information. Therefore, when showing
negative information, such as the harms of smoking, developers should carefully
consider the volume of negative information to avoid causing negative emotions
among users. Alternatively, giving users the autonomy to choose the information
they need can be beneficial. Incorporating social features in the app can be effective
for those who believe social support is essential during the quitting process, but
developers should employ strategies to regulate and manage the social platform

better to ensure a positive and supportive environment.

Although this study found that user engagement with features that educate
withdrawal symptoms management skills was low, this may be due to the lack of
personalisation or the low intensity of provided support, for example, remaining at
the textual level rather than providing practical guidance, leading users to perceive
these functions as having very limited effect. When adding skills education features,
app developers should consider personalised information or provide knowledge they
did not know before. When offering distraction support, apps should provide not only
textual descriptions but also further guidance to increase the intervention’s practical
content consisting of actionable information and tools. For example, when educating
smokers to do some exercise to distract themselves from cravings, additional

exercise videos could be added.

Finally, apps should be as intuitive as possible, easy to navigate, incorporate various
media formats and give users some autonomy in the interface style to enhance
usability. In addition, when designing app features, developers should consider the
personalisation of each feature to meet different user preferences and needs,
thereby improving the user experience. Although no evidence in this study showed
data security concerns, app developers should take adequate measures to ensure
data security and clearly inform users about how their data will be used and
protected, thereby building user trust in the app.

9.5.2 Implications for health workers
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Health workers can identify smokers who may benefit most from smoking cessation
apps by assessing their levels of motivation and social support. Based on the
findings of this study, smokers with high motivation to quit but low social support in
their immediate environment are ideal users for these apps, as the social platforms
within smoking cessation apps can provide the encouragement and resources they
might lack from friends and family. Health workers should advise smokers to try
different smoking cessation apps before finding the one that fits their personal
preferences and needs most. This tailored approach can help smokers receive the
support and tools necessary for a successful cessation journey.

For health workers, they should place greater emphasis in their daily work on
educating smokers about the specific harms of smoking and the actual benefits of
quitting to enhance their motivation to quit smoking. Furthermore, health workers
should educate smokers that having cravings is normal in smoking cessation, so
smokers should hold an open and realistic attitude to cravings and relapse. In their
daily work, they can identify the main sources of motivation for smokers to quit and
provide personalised quitting information and advice tailored to the specific situations
of different smokers. For instance, when smokers care more about the health of
children, health workers could emphasise the risk of second-hand smoking.

9.6 Implications for future research

It is worth exploring whether different stages of behaviour change affect users’ needs
and expectations about how apps work to help them stop smoking. This would allow
app developers to design features targeting different user groups, thereby increasing

the accessibility of apps.

Additionally, this study found that smokers with diverse backgrounds have different
acceptance levels of social features. Further research could be conducted to explore
whether different personal traits of smokers, such as affinity to technology, the
existence of in-person support networks, the existence of tangible support, and
nicotine dependence level, etc., will affect the engagement level of social features.
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The effectiveness of smoking cessation apps can be assessed from multiple
dimensions, such as intentions to quit, the ability to resist cravings, self-efficacy, etc.,
rather than simply counting the smoke-free days (King et al., 2022). This study
employs a qualitative method to explore the contextual factors which influence the
effects and user engagement level of smoking cessation apps and how the interplay
between contexts and mechanisms affects intended and unintended outcomes.
Future research could include a quantitative design to examine the extent to which
different app features impact various outcomes. Additionally, based on the findings
of this research, a new round of theory or hypothesis testing could be considered to
refine further the programme theories developed from this study.

Finally, although this study found that good usability and positive user experience
can predict user engagement, it was interesting to find that smokers may decrease
their engagement levels on apps when they have high self-efficacy. It is worth
conducting research to explore the relationship between user engagement levels

and smoking cessation outcomes.

9.7 Implications for policy

This study found that social support is important in smoking cessation. The Chinese
government could consider making funding available to develop or finance
community-based support groups that provide a platform for smokers to share their
smoking cessation experiences and tips or to encourage each other. Launching
public health campaigns that emphasise the role of family, friends, health workers,

and smoking cessation peers in pursuing smoking cessation would also be useful.

Despite the international focus on the quality and reliability of health apps, the
market is still flooded with low-quality health apps (WHO, 2019a). This indicates that
government institutions do not place enough importance on these official guidelines,
leading to their low application, or it may be due to the fact that each country has its
own unique requirements for developing health apps, including the transparency of
design steps, app content, and user privacy and security policy, making the
standardised process difficult to achieve (Essén et al., 2022). This study found that

good usability and positive user experience of smoking cessation apps are linked
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with higher user engagement levels. Government institutions should collaborate with
higher education institutions or research organisations to design evidence-based
apps that better meet user needs rather than merely developing apps based on
personal ideas or the commercial interests of developers. By setting certain
development standards, the minimum requirement for developing health-related
apps can be raised, enhancing their overall quality and strengthening users' trust and
perceived usefulness of these apps.

This study found that the paid membership features will negatively influence user
experience and decrease user engagement levels on the premium features. To
achieve universal health coverage, one of WHO's recommendations for health-
related digital interventions is to ensure accessibility and affordability. In other words,
governments should ensure all those in need can access these interventions without
causing financial burden. While collaborating with research organisations or higher
education institutions to design high-quality smoking cessation apps, Chinese
policymakers should also consider linking these apps with national smoking
cessation services. This will allow more smokers who want to quit smoking to access

these apps through official channels and also enable them to use them for free.

9.8 Conclusion

This research aimed to examine what aspects of smoking cessation apps work for
Chinese smokers, under what circumstances, and why. In line with this aim, this
study employed the realist evaluation approach and identified several contextual
factors that lead to the success or failure of smoking cessation apps for Chinese

smokers.

This study has provided contributions to the knowledge of using mHealth
interventions in addictive behaviour recovery. Four IPTs were formulated through
two systematic reviews and interviews with Chinese health workers. Interviews with
Chinese smokers were conducted, and data was gathered to test the IPTs. Based on
the interview data of smokers, the programme theories were refined and presented
using CMOCs to provide guidance to design apps that can meet user needs and

promote addictive behaviour recovery with effectiveness, efficiency, and satisfaction.
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This study showed motivation plays an important role in breaking the addiction cycle.
For smokers who are motivated to stop smoking and believe in the effects of
smoking cessation apps, apps could be effective in boosting users’ motivations to
quit by increasing their knowledge level on the risks of smoking and the benefits of
smoking cessation and showing positive changes due to smoking cessation.

Smokers who need social support but fail to get it in real life may appreciate the
social features within apps. Apps are advantageous in providing social support to
smokers as peers in the social groups share similar barriers and can easily
empathise and understand each other, although smokers who engage with the social
features may be dissuaded by the poor management and regulations of the social
platforms within apps.

Although apps provide features to manage withdrawal symptoms, the user
engagement level on the withdrawal symptom education feature was quite low
because the support provided in apps lacks practicality and personalisation, failing to
offer in-depth support. For smokers who believe they can benefit from recording
withdrawal symptoms, this feature has the potential to be effective through acting as
a way to vent negative emotions or helping smokers be more aware of their craving
patterns. In addition, viewing craving diminishing could also increase smokers’

confidence in smoking cessation.

Finally, this study found different attributes of usability and user experience could
affect user engagement levels. Governments should employ strategies to design
high-quality smoking cessation apps with better usability and user experience design
and make them available and affordable to smokers.

252



REFERENCE

ABDULLAH, A. S. M., MAK, Y. W., LOKE, A. Y. & LAM, T. H. 2005. Smoking
cessation intervention in parents of young children: a randomised controlled
trial. Addiction, 100, 1731-1740. https://doi.org/10.1111/j.1360-
0443.2005.01231.x

ABROMS, L. C., BOAL, A. L., SIMMENS, S. J., MENDEL, J. A. & WINDSOR, R. A.
2014. A randomized trial of Text2Quit: a text messaging program for smoking
cessation. American journal of preventive medicine, 47, 242-250.
https://doi.org/10.1016/[.amepre.2014.04.010

ABROMS, L. C., PADMANABHAN, N., THAWEETHAI, L. & PHILLIPS, T. 2011.
iPhone apps for smoking cessation: a content analysis. American journal of
preventive medicine, 40, 279-285.
https://doi.org/10.1016/[.amepre.2010.10.032

ADAM, F. 2014a. Measuring national innovation performance: The innovation union
scoreboard revisited, Slovenia, Springer.

ADAM, F. 2014b. Methodological and epistemic framework: from positivism to post-
positivism, Heidelberg, Springer.

ADAMS, W. C. (2015). Conducting semi-structured interviews. Handbook of practical
program evaluation. United States: John Wiley & Sons.

ADHIKARI, R., RICHARDS, D. & SCOTT, K. Security and privacy issues related to
the use of mobile health apps. the 25th Australasian Conference on
Information Systems, 2014 Auckland, New Zealand. ACIS.

AKTER, S., RAY, P. & D’AMBRA, J. 2013. Continuance of mHealth services at the
bottom of the pyramid: the roles of service quality and trust. Electronic
markets, 23, 29-47. https://doi.org/10.1007/s12525-012-0091-5

AL-SHARO, Y. M. 2019. Networking Issues for Security and Privacy in Mobile Health
Apps. International journal of advanced computer science & applications, 10.
https://doi.org/10.14569/IJACSA.2019.0100225

ALBRECHT, T. L. & ADELMAN, M. B. 1987. Communicating social support,
Newbury Park, Sage Publications, Inc.

ALIYU, A. A., BELLO, M. U., KASIM, R. & MARTIN, D. 2014. Positivist and non-
positivist paradigm in social science research: Conflicting paradigms or
perfect partners. J. Mgmt. & Sustainability, 4, 79.
https://doi.org/10.5539/ims.v4n3p79

ALQAHTANI, J. S., ALDHAHIR, A. M., OYELADE, T., ALGHAMDI, S. M. &
ALMAMARY, A. S. 2021. Smoking cessation during COVID-19: the top to-do
list. NPJ primary care respiratory medicine, 31, 22-22.
https://doi.org/10.1038/s41533-021-00238-8

ALQASSIM, M. Y., KRESNYE, K. C., SIEK, K. A., LEE, J. & WOLTERS, M. K. 2022.
The miscarriage circle of care: towards leveraging online spaces for social
support. BMC women's health, 22, 23. https://doi.org/10.1186/s12905-022-
01597-1

ALSHAGRAWI, S. & ABIDI, S. T. 2023. Efficacy of an mHealth Behavior Change
Intervention for Promoting Physical Activity in the Workplace: Randomized
Controlled Trial. Journal of medical Internet research, 25, e44108-e44108.
https://doi.org/10.2196/44108

ALTAS, T. T. 2022. Health Effects [Online]. Available:
https://tobaccoatlas.org/challenges/health-effects/ [Accessed July 15th 2023].

253



AMBROSE, J. A. & BARUA, R. S. 2004. The pathophysiology of cigarette smoking
and cardiovascular disease: An update. Journal of the American College of
Cardiology, 43, 1731-1737. https://doi.org/10.1016/j.jacc.2003.12.047

ARCHER, M. S. 1995. Realist social theory: The morphogenetic approach,
Cambridge university press.

ARMIN, J., JOHNSON, T., HINGLE, M., GIACOBBI JR, P. & GORDON, J. S. 2017.
Development of a multi-behavioral mHealth app for women smokers. Journal
of health communication, 22, 153-162.
https://doi.org/10.1080/10810730.2016.1256454

ASAYUT, N., OLSON, P. S., KANJANASILP, J., THANARAT, P., SENKRAIGUL, B.,
SITTISARN, C. & SUKSAWAT, S. 2022. A community pharmacist-led
smoking cessation intervention using a smartphone app (PharmQuit): A
randomized controlled trial. PloS one, 17, €0265483.
https://doi.org/10.1371/journal.pone.0265483

ASH. 2017. The economics of tobacco [Online]. Available:
https://ash.org.uk/uploads/Economics-of-Tobacco.pdf?v=1650642285
[Accessed July 8th 2023].

AUTON, A., ZAMAN, S., PADAYACHEE, Y., SAMWAYS, J. W., QUAIFE, N. M.,
SWEENEY, M., TENORIO, I, LINTON, N. W. F., COLE, G. D., PETERS, N.
S., MAYET, J., BARTON, C. & PLYMEN, C. 2023. Smartphone-Based
Remote Monitoring for Chronic Heart Failure: Mixed Methods Analysis of User
Experience From Patient and Nurse Perspectives. JMIR nursing, 6, e44630-
e44630. https://doi.org/10.2196/44630

BALFOUR, D. J. K. & MUNAFO, M. R. 2015. Nicotine Withdrawal. The
Neuropharmacology of Nicotine Dependence, 24, 99-123.
https://doi.org/10.1007/978-3-319-13482-6 4

BANDURA, A. 1977. Social learning theory, Englewood Cliffs, Prentice-Hall.

BANDURA, A. & ADAMS, N. E. 1977. Analysis of self-efficacy theory of behavioral
change. Cognitive therapy and research, 1, 287-310.
https://doi.org/10.1007/BF01663995

BANDURA, A. & WESSELS, S. (1994). Self-efficacy. Encyclopedia of Human
Behavior. New York: Academic Press.

BARNETT, J. R., YANG, X. Y. & YANG, T. 2022. Smoking environments in China :
challenges for tobacco control, Cham, Switzerland, Springer.

BARRERA, M. 1986. Distinctions between social support concepts, measures, and
models. American journal of community psychology, 14, 413-445.
https://doi.org/10.1007/BF00922627

BARROSO-HURTADO, M., SUAREZ-CASTRO, D., MARTINEZ-VISPO, C.,
BECONA, E. & LOPEZ-DURAN, A. 2021. Smoking Cessation Apps: A
Systematic Review of Format, Outcomes, and Features. International journal
of environmental research and public health, 18, 11664.
https://doi.org/10.3390/ijerph182111664

BASKERVILLE, N. B., STRUIK, L. L. & DASH, D. 2018a. Crush the crave:
development and formative evaluation of a smartphone app for smoking
cessation. JIMIR mHealth and uHealth, 6, €9011.
https://doi.org/10.2196/mhealth.9011

BASKERVILLE, N. B., STRUIK, L. L., GUINDON, G. E., NORMAN, C. D.,
WHITTAKER, R., BURNS, C., HAMMOND, D., DASH, D. & BROWN, K. S.
2018b. Effect of a mobile phone intervention on quitting smoking in a young

254



adult population of smokers: randomized controlled trial. JIMIR mHealth and
uHealth, 6, e10893. https://doi.org/10.2196/10893

BEAUCHAMP, T. L. 2003. Methods and principles in biomedical ethics. Journal of
Medical ethics, 29, 269-274. https://doi.org/10.1136/jme.29.5.269

BENDOTTI, H., LAWLER, S., IRELAND, D., GARTNER, C., HIDES, L. &
MARSHALL, H. M. 2022. What do people want in a smoking cessation app?
An analysis of user reviews and app quality. Nicotine and Tobacco Research,
24, 169-177. https://doi.org/10.1093/ntr/ntab174

BENOWITZ, N. L. 2010. Nicotine Addiction. The New England journal of medicine,
362, 2295-2303. https://doi.org/10.1056/NEJMra0809890

BERGER, J. S., BHATT, D. L., STEINHUBL, S. R., SHAO, M., STEG, P. G.,
MONTALESCOT, G., HACKE, W., FOX, K. A., LINCOFF, A. M. & TOPOL, E.
J. 2009. Smoking, clopidogrel, and mortality in patients with established
cardiovascular disease. Circulation, 120, 2337-2344.
https://doi.org/https://doi.org/10.1161/CIRCULATIONAHA.109.866533

BHASKAR, R. 1975. “Forms of realism”. Philosophica, 15.
https://doi.org/https://doi.org/10.21825/philosophica.82713

BHASKAR, R. (1998). Critical realism and dialectic. In: ARCHER, M. S. (ed.) Critical
Realism: Essential Readings. London: Routledge.

BHASKAR, R. P. 2010. Reclaiming reality: A critical introduction to contemporary
philosophy, London:, Routledge.

BITRIAN, P., BUIL, |. & CATALAN, S. 2021. Enhancing user engagement: The role
of gamification in mobile apps. Journal of Business Research, 132, 170-185.
https://doi.org/10.1016/j.jbusres.2021.04.028

BLISS, R. E., GARVEY, A. J., HEINOLD, J. W. & HITCHCOCK, J. L. 1989. The
Influence of Situation and Coping on Relapse Crisis Outcomes After Smoking
Cessation. Journal of consulting and clinical psychology, 57, 443-449.
https://doi.org/10.1037/0022-006X.57.3.443

BORGHOUTS, J., EIKEY, E., MARK, G., DE LEON, C., SCHUELLER, S. M.,
SCHNEIDER, M., STADNICK, N., ZHENG, K., MUKAMEL, D. & SORKIN, D.
H. 2021. Barriers to and facilitators of user engagement with digital mental
health interventions: systematic review. Journal of medical Internet research,
23, €24387. https://doi.org/10.2196/24387

BOUSQUET, J., CHAVANNES, N. H., GULDEMOND, N., HAAHTELA, T.,
HELLINGS, P. W. & SHEIKH, A. 2017. Realising the potential of mHealth to
improve asthma and allergy care: how to shape the future. The European
respiratory journal, 49, 1700447-1700447.
https://doi.org/10.1183/13993003.00447-2017

BOYATZIS, R. E. 1998. Transforming qualitative information : thematic analysis and
code development Thousand Oaks, Calif. ;, Sage.

BOYD, R. N., FINE, A., GLYMOUR, C., HACKING, I., LAUDAN, L., LAYMON, R.,
LEPLIN, J., LEVIN, M., MCMULLIN, E., PUTNAM, H. & VAN FRAASSEN, B.
C. 1984. Scientific Realism, Berkeley, CA, University of California Press.

BRAJNIK, G. & GABRIELLI, S. 2010. A review of online advertising effects on the
user experience. International Journal of Human-Computer Interaction, 26,
971-997. https://doi.org/10.1080/10447318.2010.502100

BRAUN, J., SIEPER, J. & ZINK, A. 2012. The risks of smoking in patients with
spondyloarthritides. Postgraduate medical journal, 88, 617-618.
https://doi.org/10.1136/postgradmedj-2011-200954rep

255



BRAUN, V. & CLARKE, V. 2006. Using thematic analysis in psychology. Qualitative
research in psychology, 3, 77-101.
https://doi.org/10.1191/1478088706gp0630a

BRAUN, V. & CLARKE, V. 2013. Successful qualitative research : a practical guide
for beginners / Virginia Braun & Victoria Clarke, London, SAGE.

BRAUN, V. & CLARKE, V. 2019. Reflecting on reflexive thematic analysis.
Qualitative research in sport, exercise and health, 11, 589-597.
https://doi.org/10.1080/2159676X.2019.1628806

BRAUN, V., CLARKE, V., HAYFIELD, N. & TERRY, G. (2019). Thematic Analysis.
In: LIAMPUTTONG, P. (ed.) Handbook of Research Methods in Health Social
Sciences. Singapore: Springer Singapore.

BREKKE, J. S. & ANASTAS, J. W. 2019. Shaping a science of social work:
Professional knowledge and identity, USA, Oxford University Press,.

BRENDRYEN, H., DROZD, F. & KRAFT, P. 2008. A digital smoking cessation
program delivered through internet and cell phone without nicotine
replacement (happy ending): randomized controlled trial. Journal of Medical
Internet Research, 10, e1005. https://doi.org/10.2196/jmir.1005

BRENDRYEN, H. & KRAFT, P. 2008. Happy Ending: a randomized controlled trial of
a digital multi-media smoking cessation intervention. Addiction, 103, 478-484.
https://doi.org/10.1111/j.1360-0443.2007.02119.x

BRICKER, J. B. 2021. Mechanisms of Smartphone Apps for Cigarette Smoking
Cessation: Results of a Serial Mediation Model From the iCanQuit
Randomized Trial. JMIR mHealth and uHealth, 9(11).
https://doi.org/10.2196/32847

BRINKMANN, S. (2014). Unstructured and semi-structured interviewing. The Oxford
handbook of qualitative research. Oxford: Oxford University Press.

BUCZKOWSKI, K., MARCINOWICZ, L., CZACHOWSKI, S. & PISZCZEK, E. 2014.
Motivations toward smoking cessation, reasons for relapse, and modes of
quitting: Results from a qualitative study among former and current smokers.
Patient preference and adherence, 8, 1353-1363.
https://doi.org/10.2147/PPA.S67767

CAMPBELL, M., FITZPATRICK, R., HAINES, A., KINMONTH, A. L.,
SANDERCOCK, P., SPIEGELHALTER, D. & TYRER, P. 2000. Framework for
design and evaluation of complex interventions to improve health. BMJ, 321,
694-696. https://doi.org/10.1136/bmj.321.7262.694

CARD, S. K. 2018. The psychology of human-computer interaction, Boca Raton,
CRC Press.

CARLETON, R. N. 2012. The intolerance of uncertainty construct in the context of
anxiety disorders: Theoretical and practical perspectives. Expert review of
neurotherapeutics, 12, 937-947. https://doi.org/10.1586/ern.12.82

CARRASCO-HERNANDEZ, L., JODAR-SANCHEZ, F., NUNEZ-BENJUMEA, F.,
CONDE, J. M., GONZALEZ, M. M., CIVIT-BALCELLS, A., HORS-FRAILE, S.,
PARRA-CALDERON, C. L., BAMIDIS, P. D. & ORTEGA-RUIZ, F. 2020. A
mobile health solution complementing psychopharmacology-supported
smoking cessation: randomized controlled trial. JIMIR mHealth and uHealth, 8,
e17530. https://doi.org/10.2196/17530

CARROLL, J. M. (2003). Introduction: Toward a Multidisciplinary Science of Human-
Computer Interaction. United States: Elsevier Science & Technology.

CASP. 2020. CASP Randomised Controlled Trial Checklist [Online]. Available:
https://casp-uk.net/casp-tools-checklists/ [Accessed July 15th 2022].

256



CASTILLO, M. 2013. The scientific method: a need for something better? American
Journal of Neuroradiology, 34(9), 1669-1671.
https://doi.org/10.3174/ajnr.a3401

CDC. 2020. Health Effects of Secondhand Smoke [Online]. Available:
https://www.cdc.gov/tobacco/data_statistics/fact sheets/secondhand smoke/
health effects/index.htm [Accessed December 1st 2020].

CDC. 2022. 7 Common Withdrawal Symptoms [Online]. Available:
https://www.cdc.gov/tobacco/campaign/tips/quit-smoking/7-common-
withdrawal-symptoms/index.html [Accessed August 8th 2023].

CDC. 2023. Smoking & Tobacco Use: Fast Facts and Fact Sheets [Online].
Available:
https://www.cdc.gov/tobacco/data_statistics/fact sheets/fast facts/index.htm
[Accessed May 18th 2023].

CHAN, S., GODWIN, H., GONZALEZ, A., YELLOWLEES, P. M. & HILTY, D. M.
2017. Review of use and integration of mobile apps into psychiatric
treatments. Current psychiatry reports, 19, 1-9.
https://doi.org/10.1007/s11920-017-0848-9

CHAN, S. S., WONG, D. C., CHEUNG, Y. T.D., LEUNG, D. Y., LAU, L., LALL V. &
LAM, T.-H. 2015. A block randomized controlled trial of a brief smoking
cessation counselling and advice through short message service on
participants who joined the Quit to Win Contest in Hong Kong. Health
education research, 30, 609-621. https://doi.org/10.1093/her/cyv023

CHAPMAN, S., WONG, W. L. & SMITH, W. 1993. Self-exempting beliefs about
smoking and health: differences between smokers and ex-smokers. American
Journal of public health (1971), 83, 215-219.
https://doi.org/10.2105/AJPH.83.2.215

CHEN, C.-Y. 2020. Smartphone addiction: psychological and social factors predict
the use and abuse of a social mobile application. Information, communication
& society, 23, 454-467. https://doi.org/10.1080/1369118X.2018.1518469

CHENG, F., XU, J., SU, C., FU, X. & BRICKER, J. 2017. Content analysis of
smartphone apps for smoking cessation in China: empirical study. JMIR
mHealth and uHealth, 5, e7462. https://doi.org/10.2196/mhealth.7462

CHERNOFF, F. 2007. Critical realism, scientific realism, and International Relations
theory. Millennium, 35, 399-407.
https://doi.org/10.1177/03058298070350021701

CHERVONSKY, E. & HUNT, C. 2017. Suppression and Expression of Emotion in
Social and Interpersonal Outcomes: A Meta-Analysis. Emotion (Washington,
D.C.), 17, 669-683. https://doi.org/10.1037/emo0000270

CHEUNG, K. L., DE RUIJTER, D., HILIGSMANN, M., ELFEDDALI, I., HOVING, C.,
EVERS, S. M. A. A. & DE VRIES, H. 2017. Exploring consensus on how to
measure smoking cessation. A Delphi study. BMC Public Health, 17, 890.
https://doi.org/10.1186/s12889-017-4902-7

CHIASSON, P. 2005. Abduction as an Aspect of Retroduction. Semiotica, 2005,
223-242. https://doi.org/10.1515/semi.2005.2005.153-1-4.223

CHOI, J., NOH, G.-Y. & PARK, D.-J. 2014. Smoking cessation apps for
smartphones: content analysis with the self-determination theory. Journal of
medical Internet research, 16, e44. https://doi.org/10.2196/imir.3061

CHU, A., JIANG, N. & GLANTZ, S. A. 2011. Transnational tobacco industry
promotion of the cigarette gifting custom in China. Tobacco control, 20, e3-e3.
https://doi.org/10.1136/tc.2010.038349

257



CLYDE, M., PIPE, A., ELS, C., REID, R. & TULLOCH, H. 2017. Factor structure of
the Smoking Cessation Self-Efficacy Questionnaire among smokers with and
without a psychiatric diagnosis. Psychology of Addictive Behaviors, 31, 162.
https://doi.org/10.1037/adb0000250

COBB, S. 1978. Social Support and Health Through the Life Cycle. the Annual
Meeting of the American Association for the Advancement of Science.
Washington, D.C.

COBOS-CAMPOS, R., DE LAFUENTE, A. S., APINANIZ, A., PARRAZA, N.,
LLANOS, I. P. & ORIVE, G. 2020. Effectiveness of mobile applications to quit
smoking: Systematic review and meta-analysis. Tobacco prevention &
cessation, 6, 1-11. https://doi.org/10.18332/tpc/127770

COLLIER, A. 1994. Critical realism: an introduction to Roy Bhaskar's philosophy,
London, Verso.

COSCI, F., PISTELLI, F., LAZZARINI, N. & CARROZZI, L. 2011. Nicotine
dependence and psychological distress: outcomes and clinical implications in
smoking cessation. Psychology Research and Behavior Management, 4, 119-
128. https://doi.org/10.2147/PRBM.S14243

COVIDENCE. 2021. Covidence systematic review software, Veritas Health
Innovation, Melbourne, Australia. [Online]. Available: www.covidence.org.
[Accessed Dec 15th 2022].

COWIE, R., DOUGLAS-COWIE, E., TSAPATSOULIS, N., VOTSIS, G., KOLLIAS,
S., FELLENZ, W. & TAYLOR, J. G. 2001. Emotion recognition in human-
computer interaction. IEEE Signal processing magazine, 18, 32-80.
https://doi.org/10.1109/79.911197

CRESWELL, J. W. & POTH, C. N. 2018. Qualitative inquiry & research design :
choosing among five approaches, Los Angeles, SAGE.

CROSS, E. S. & RAMSEY, R. 2021. Mind Meets Machine: Towards a Cognitive
Science of Human—Machine Interactions. Trends in cognitive sciences, 25,
200-212. https://doi.org/10.1016/j.tics.2020.11.009

CUMMINS, S. E., TEDESCHI, G. J., ANDERSON, C. M. & ZHU, S.-H. 2016.
Telephone intervention for pregnant smokers: a randomized controlled trial.
American journal of preventive medicine, 51, 318-326.
https://doi.org/10.1016/[.amepre.2016.02.022

CUNNINGHAM, J. A. 2012. Smokers and Non-smokers Differ in Their Beliefs About
Their Addiction: Public Health Implications. Canadian journal of public health,
103, 159-159. https://doi.org/10.1007/BF03404224

CURRY, S., WAGNER, E. H. & GROTHAUS, L. C. 1990. Intrinsic and extrinsic
motivation for smoking cessation. Journal of Consulting and Clinical
Psychology, 58, 310-316. https://doi.org/10.1037/0022-006X.58.3.310

CURRY, S. J., WAGNER, E. H. & GROTHAUS, L. C. 1991. Evaluation of intrinsic
and extrinsic motivation interventions with a self-help smoking cessation
program. Journal of consulting and clinical psychology, 59, 318.
https://doi.org/10.1037/0022-006X.59.2.318

CUTRONA, C. E. & RUSSELL, D. W. (1990). Type of social support and specific
stress: Toward a theory of optimal matching. Social Support: An Interactional
View. New York: John Wiley & Sons.

DACIN, M. T., BEAL, B. D. & VENTRESCA, M. J. 1999. The embeddedness of
organizations: Dialogue & directions. Journal of management, 25, 317-356.
https://doi.org/10.1177/014920639902500304

258



DALKIN, S. M., GREENHALGH, J., JONES, D., CUNNINGHAM, B. & LHUSSIER,
M. 2015. What's in a mechanism? Development of a key concept in realist
evaluation. Implementation science, 10, 1-7. https://doi.org/10.1186/s13012-
015-0237-x

DANERMARK, B. 2001. Explaining society : an introduction to critical realism in the
social sciences, London ;, Routledge.

DAVEY, G. & ZHAO, X. 2012. ‘A real man smells of tobacco smoke’—Chinese
youth's interpretation of smoking imagery in film. Social science & medicine
(1982), 74, 1552-1559. https://doi.org/10.1016/j.socscimed.2012.01.024

DAVEY, G. & ZHAO, X. 2020. Turning Points to Becoming a Tobacco Smoker:
Smoking Initiation and Identity Change among Chinese Youth. Symbolic
interaction, 43, 308-331. https://doi.org/10.1002/symb.442

DAVIES, A. & MUELLER, J. 2020. Developing Medical Apps and mHealth
Interventions A Guide for Researchers, Physicians and Informaticians / by
Alan Davies, Julia Mueller, Cham, Springer International Publishing.

DE SOUZA, D. E. 2013. Elaborating the Context-Mechanism-Outcome configuration
(CMOc) in realist evaluation: A critical realist perspective. Evaluation, 19, 141-
154. https://doi.org/10.1177/1356389013485194

DE VILLIERS, C., FAROOQ, M. B. & MOLINARI, M. 2022. Qualitative research
interviews using online video technology—challenges and opportunities.
Meditari Accountancy Research, 30, 1764-1782.
https://doi.org/10.1108/MEDAR-03-2021-1252

DECI, E. L. 1985. Intrinsic motivation and self determination in human behavior /
Edward L. Deci and Richard M. Ryan, New York ;, Planum Press.

DECI, E. L., BETLEY, G., KAHLE, J., ABRAMS, L. & PORAC, J. 1981. When trying
to win: Competition and intrinsic motivation. Personality and social psychology
bulletin, 7, 79-83. https://doi.org/10.1177/014616728171012

DECI, E. L. & RYAN, R. M. 2012a. Motivation, personality, and development within
embedded social contexts: An overview of self-determination theory. The
Oxford handbook of human motivation, 18, 85-107.
https://doi.org/0.1093/oxfordhb/9780195399820.013.0006

DECI, E. L. & RYAN, R. M. (2012b). Self-determination theory. Handbook of theories
of social psychology. Los Angeles: SAGE.

DECI, E. L. & RYAN, R. M. 2013. Intrinsic motivation and self-determination in
human behavior, New York, Springer

DELEUZE, G. & GUATTARI, F. L. 1994. What is philosophy?, London, Verso.

DENNISON, L., MORRISON, L., CONWAY, G. & YARDLEY, L. 2013. Opportunities
and challenges for smartphone applications in supporting health behavior
change: qualitative study. Journal of medical Internet research, 15, e2583.
https://doi.org/0.2196/jmir.2583

DERMODY, S. S. & SHIFFMAN, S. 2020. The time-varying effect of alcohol use on
cigarette smoking relapse risk. Addictive behaviors, 102, 106192.
https://doi.org/10.1016/j.addbeh.2019.106192

DIMENICHI, B. C. & TRICOMI, E. 2015. The power of competition: Effects of social
motivation on attention, sustained physical effort, and learning. Frontiers in
psychology, 6, 145588. https://doi.org/10.3389/fpsyq.2015.01282

DIXON-WOODS, M., SUTTON, A., SHAW, R., MILLER, T., SMITH, J., YOUNG, B.,
BONAS, S., BOOTH, A. & JONES, D. 2007. Appraising qualitative research
for inclusion in systematic reviews: a quantitative and qualitative comparison

259



of three methods. Journal of health services research & policy, 12, 42-47.
https://doi.org/10.1258/135581907779497486

DO, H. P., TRAN, B. X., PHAM, Q. L., NGUYEN, L. H., TRAN, T. T., LATKIN, C. A,
DUNNE, M. P. & BAKER, P. R. A. 2018. Which eHealth interventions are
most effective for smoking cessation? A systematic review. Patient
Preference and Adherence, 12, 2065-2084.
https://doi.org/http://dx.doi.org/10.2147/PPA.S169397

DODGSON, J. E. 2019. Reflexivity in Qualitative Research. Journal of human
lactation, 35, 220-222. https://doi.org/10.1177/0890334419830990

DOGAR, O. F., PILLAI, N., SAFDAR, N., SHAH, S. K., ZAHID, R. & SIDDIQI, K.
2015. Second-hand smoke and the risk of tuberculosis: a systematic review
and a meta-analysis. Epidemiology and infection, 143, 3158-3172.
https://doi.org/10.1017/S0950268815001235

DOI, L., JEPSON, R. & CHEYNE, H. 2015. A realist evaluation of an antenatal
programme to change drinking behaviour of pregnant women. Midwifery, 31,
965-972. https://doi.org/10.1016/j.midw.2015.06.007

DREW, D. A, NGUYEN, L. H., STEVES, C. J., MENNI, C., FREYDIN, M.,
VARSAVSKY, T., SUDRE, C. H., CARDOSO, M. J., OURSELIN, S., WOLF,
J., SPECTOR, T. D. & CHAN, A. T. 2020. Rapid implementation of mobile
technology for real-time epidemiology of COVID-19. Science, 368, 1362-1367.
https://doi.org/10.1126/science.abc0473

DUNBAR, A., GOTSIS, W. & FRISHMAN, W. 2013. Second-hand tobacco smoke
and cardiovascular disease risk: an epidemiological review. Cardiology in
review, 21, 94-100. https://doi.org/10.1097/CRD.0b013e31827362e4

EDWARDS, E. A,, CATON, H., LUMSDEN, J., RIVAS, C., STEED, L., PIRUNSARN,
Y., JUMBE, S., NEWBY, C., SHENVI, A. & MAZUMDAR, S. 2018. Creating a
theoretically grounded, gamified health app: lessons from developing the
cigbreak smoking cessation mobile phone game. JMIR Serious Games, 6,
e10252. https://doi.org/10.2196/10252

EL-HILLY, A. A, IQBAL, S. S., AHMED, M., SHERWANI, Y., MUNTASIR, M.,
SIDDIQUI, S., AL-FAGIH, Z., USMANI, O. & EISINGERICH, A. B. 2016.
Game on? Smoking cessation through the gamification of mHealth: A
longitudinal qualitative study. JMIR serious games, 4, e5678.
https://doi.org/10.2196/games.5678

EL-TOUKHY, S. 2021. Insights from the smokefree.gov initiative regarding the use of
smoking cessation digital platforms during the COVID-19 Pandemic: Cross-
sectional trends analysis study. Journal of medical Internet research, 23,
e24593-e24593. https://doi.org/10.2196/24593

ESSEN, A., STERN, A. D., HAASE, C. B., CAR, J., GREAVES, F., PAPAROVA, D.,
VANDEPUT, S., WEHRENS, R. & BATES, D. W. 2022. Health app policy:
international comparison of nine countries’ approaches. NPJ digital medicine,
5, 31-31. https://doi.org/10.1038/s41746-022-00573-1

EVANS, D. 2003. Hierarchy of evidence: a framework for ranking evidence
evaluating healthcare interventions. Journal of clinical nursing, 12, 77-84.
https://doi.org/10.1046/j.1365-2702.2003.00662.x

EVERETT, S. P., BYRNE, M. D. & GREENE, K. K. 2006. Measuring the Usability of
Paper Ballots: Efficiency, Effectiveness, and Satisfaction. Proceedings of the
Human Factors and Ergonomics Society Annual Meeting, 50, 2547-2551.
https://doi.org/10.1177/154193120605002407

260



FIELDING, N. & THOMAS, H. (2001). Qualitative interviewing. Researching social
life. London: Sage Publications.

FINLAY, L. 2002. “Outing” the researcher: The provenance, process, and practice of
reflexivity. Qualitative health research, 12, 531-545.
https://doi.org/10.1177/104973202129120052

FLEETWOOQD, S. 2017. The critical realist conception of open and closed systems.
Journal of economic methodology, 24, 41-68.
https://doi.org/10.1080/1350178X.2016.1218532

FLETCHER, A. J. 2017. Applying critical realism in qualitative research:
methodology meets method. International journal of social research
methodology, 20, 181-194. https://doi.org/10.1080/13645579.2016.1144401

FREE, C., KNIGHT, R., ROBERTSON, S., WHITTAKER, R., EDWARDS, P., ZHOU,
W., RODGERS, A., CAIRNS, J., KENWARD, M. G. & ROBERTS, I. 2011.
Smoking cessation support delivered via mobile phone text messaging
(txt2stop): a single-blind, randomised trial. The Lancet, 378, 49-55.
https://doi.org/10.1016/S0140-6736(11)60701-0

FRITH, K. H. 2019. User Experience Design: The Critical First Step for App
Development. Nursing education perspectives, 40, 65-66.
https://doi.org/10.1097/01.NEP.0000000000000451

FROKJAR, E., HERTZUM, M. & HORNBZK, K. 2000. Measuring usability: are
effectiveness, efficiency, and satisfaction really correlated? Proceedings of
the SIGCHI conference on Human Factors in Computing Systems. The
Hague, The Netherlands: Association for Computing Machinery.

FROST-ARNOLD, G. 2010. The no-miracles argument for realism: Inference to an
unacceptable explanation. Philosophy of Science, 77, 35-58.
https://doi.org/10.1086/650207

FULTON, E. A., KWAH, K. L., WILD, S. & BROWN, K. E. 2018. Lost in translation:
transforming behaviour change techniques into engaging digital content and
design for the StopApp. Healthcare, 6, 75.
https://doi.org/10.3390/healthcare6030075

FUNNELL, S. C. & ROGERS, P. J. 2011. Purposeful program theory: Effective use
of theories of change and logic models, San Francisco, John Wiley & Sons.

FUSCH, P. & NESS, L. 2015. Are We There Yet? Data Saturation in Qualitative
Research. Qualitative report, 20, 1408. https://doi.org/10.46743/2160-
3715/2015.2281

GALE, N. K., HEATH, G., CAMERON, E., RASHID, S. & REDWOOD, S. 2013.
Using the framework method for the analysis of qualitative data in multi-
disciplinary health research. BMC medical research methodology, 13, 117-
117. https://doi.org/10.1186/1471-2288-13-117

GARETT, R,, CHIU, J., ZHANG, L. & YOUNG, S. D. 2016. A literature review:
website design and user engagement. Online journal of communication and
media technologies, 6, 1. https://doi.org/10.29333/0jcmt/2556

GEORGSSON, M. & STAGGERS, N. 2016. Quantifying usability: an evaluation of a
diabetes mHealth system on effectiveness, efficiency, and satisfaction metrics
with associated user characteristics. Journal of the American Medical
Informatics Association : JAMIA, 23, 5-11.
https://doi.org/10.1093/jamia/ocv099

GERMOVSEK, E., HANSSON, A., KARLSSON, M. O., WESTIN, A., SOONS, P. A,,
VERMEULEN, A. & KJELLSSON, M. C. 2021. A Time-to-Event Model
Relating Integrated Craving to Risk of Smoking Relapse Across Different

261



Nicotine Replacement Therapy Formulations. Clinical Pharmacology &
Therapeutics, 109, 416-423. https://doi.org/10.1002/cpt.2000

GHORAI, K., AKTER, S., KHATUN, F. & RAY, P. 2014. mHealth for smoking
cessation programs: a systematic review. Journal of personalized medicine, 4,
412-423. https://doi.org/10.3390/jpm4030412

GIBBS, J., HOWARTH, A. R., SHERINGHAM, J., JACKSON, L. J., WONG, G.,
COPAS, A., CRUNDWELL, D. J., MERCER, C. H., MOHAMMED, H., ROSS,
J., SULLIVAN, A. K., MURRAY, E. & BURNS, F. M. 2022. Assessing the
impact of online postal self-sampling for sexually transmitted infections on
health inequalities, access to care and clinical outcomes in the UK: protocol
for ASSIST, a realist evaluation. BMJ open, 12, e067170-e067170.
https://doi.org/10.1136/bmjopen-2022-067170

GLASS, I. B. 1991. The International handbook of addiction behaviour / edited by
llana Belle Glass, London, Tavistock/Routledge.

GONCALVES-SILVA, R. M. V., VALENTE, J. G., LEMOS-SANTOS, M. G. F. &
SICHIERI, R. 2006. Household smoking and respiratory disease in under-five
children. Cadernos de saude publica, 22, 579. https://doi.org/10.1590/s0102-
311x2006000300013

GOODMAN, A. 1990. Addiction: definition and implications. Addiction (Abingdon,
England), 85, 1403-1408. https://doi.org/10.1111/].1360-0443.1990.tb01620.x

GOWARTY, M. A, KUNG, N. J.,, MAHER, A. E., LONGACRE, M. R. & BRUNETTE,
M. F. 2020. Perceptions of mobile apps for smoking cessation among young
people in community mental health care: qualitative study. JMIR formative
research, 4, e19860. https://doi.org/10.2196/19860

GOWARTY, M. A., LONGACRE, M. R, VILARDAGA, R., KUNG, N. J., GAUGHAN-
MAHER, A. E. & BRUNETTE, M. F. 2021. Usability and acceptability of two
smartphone apps for smoking cessation among young adults with serious
mental illness: mixed methods study. JMIR mental health, 8, e26873.
https://doi.org/10.2196/26873

GRAHAM, F., WILLIMAN, J., SUTHERLAND, L. & WIJNINCKX, M. 2023. Telehealth
delivery of paediatric rehabilitation for children with neurodisability: A mixed
methods realist evaluation of contexts, mechanisms and outcomes. Child :
care, health & development, 49, 156-169. https://doi.org/10.1111/cch.13028

GRANADO-FONT, E., FERRE-GRAU, C., REY-RENONES, C., PONS-VIGUES, M.,
RIBERA, E. P., BERENGUERA, A., BARRERA-URIARTE, M. L., BASORA,
J., VALVERDE-TRILLO, A. & DUCH, J. 2018. Coping strategies and social
support in a mobile phone chat app designed to support smoking cessation:
qualitative analysis. JIMIR mHealth and uHealth, 6, e11071.
https://doi.org/10.2196/11071

GRANOVETTER, M. 1985. Economic action and social structure: The problem of
embeddedness. American journal of sociology, 91, 481-510.
https://doi.org/10.1086/228311

GROFF, R. 2004. Critical realism, post-positivism and the possibility of knowledge /
Ruth Groff, London, Routledge.

GUBA, E. G. & LINCOLN, Y. S. (2005). Paradigmatic controversies, contradictions,
and emerging confluences. The Sage Handbook of Qualitative Research.
Thousand Oaks: Sage Publications Ltd.

GUILLAUMIER, A., BONEVSKI, B., PAUL, C., D'ESTE, C., TWYMAN, L., PALAZZI,
K. & OLDMEADOW, C. 2016. Self-Exempting Beliefs and Intention to Quit
Smoking within a Socially Disadvantaged Australian Sample of Smokers.

262



International journal of environmental research and public health, 13, 1-1.
https://doi.org/10.3390/ijerph13010118

GUO, C. & WAN, B. 2022. The digital divide in online learning in China during the
COVID-19 pandemic. Technology in society, 71, 102122.
https://doi.org/10.1016/].techsoc.2022.102122

GUO, H. & QUAN, G. 2020. Tobacco control in China and the road to Healthy China
2030. The international journal of tuberculosis and lung disease, 24, 271-277.
https://doi.org/10.5588/ijtld.19.0106

GUO, Y.-Q., CHEN, Y., DABBS, A. D. & WU, Y. 2023. The Effectiveness of
Smartphone App-Based Interventions for Assisting Smoking Cessation:
Systematic Review and Meta-analysis. Journal of medical Internet research,
25, e43242-e43242. https://doi.org/10.2196/43242

GWALTNEY, C. J., METRIK, J., KAHLER, C. W. & SHIFFMAN, S. 2009. Self-
efficacy and smoking cessation: a meta-analysis. Psychology of Addictive
Behaviors, 23, 56. https://doi.org/10.1037/a0013529

GWALTNEY, C. J., SHIFFMAN, S., BALABANIS, M. H. & PATY, J. A. 2005.
Dynamic Self-Efficacy and Outcome Expectancies: Prediction of Smoking
Lapse and Relapse. Journal of abnormal psychology (1965), 114, 661-675.
https://doi.org/10.1037/0021-843X.114.4.661

HALL, W. P., CARTER, A. P. & FORLINI, C. P. 2015. The brain disease model of
addiction: is it supported by the evidence and has it delivered on its promises?
The Lancet. Psychiatry, 2, 105-110. https://doi.org/10.1016/S2215-
0366(14)00126-6

HARRE, R. 1985. The philosophies of science / Rom Harré, Oxford, Oxford
University Press.

HARRINGTON, K. F., KIM, Y.-I., CHEN, M., RAMACHANDRAN, R., PISU, M.,
SADASIVAM, R. S., HOUSTON, T. K. & BAILEY, W. C. 2016. Web-based
intervention for transitioning smokers from inpatient to outpatient care: an
RCT. American Journal of Preventive Medicine, 51, 620-629.
https://doi.org/10.1016/[.amepre.2016.04.008

HASKINS, B. L., LESPERANCE, D., GIBBONS, P. & BOUDREAUX, E. D. 2017. A
systematic review of smartphone applications for smoking cessation.
Translational Behavioral Medicine, 7, 292-299.
https://doi.org/10.1007/s13142-017-0492-2

HASSENZAHL, M. & TRACTINSKY, N. 2006. User experience - a research agenda.
Behaviour & information technology, 25, 91-97.
https://doi.org/10.1080/01449290500330331

HATSUKAMI, D. K., HUGHES, J. R., PICKENS, R. W. & SVIKIS, D. 1984. Tobacco
withdrawal symptoms: an experimental analysis. Psychopharmacologia, 84,
231-236. https://doi.org/10.1007/BF00427451

HAUG, S., MEYER, C. & JOHN, U. 2011. Efficacy of an internet program for
smoking cessation during and after inpatient rehabilitation treatment: a quasi-
randomized controlled trial. Addictive Behaviors, 36, 1369-1372.
https://doi.org/10.1016/j.addbeh.2011.08.004

HEBERLEIN, T. A. 1988. Improving interdisciplinary research: integrating the social
and natural sciences. Society & natural resources, 1, 5-16.
https://doi.org/10.1080/08941928809380634

HEFLIN, H., SHEWMAKER, J. & NGUYEN, J. 2017. Impact of mobile technology on
student attitudes, engagement, and learning. Computers and education, 107,
91-99. https://doi.org/10.1016/j.compedu.2017.01.006

263



HEILIG, M., MACKILLOP, J., MARTINEZ, D., REHM, J., LEGGIO, L.,
VANDERSCHUREN, L. J. M. J., NEUROSCIENCE, A. B. & D, A. B. 2021.
Addiction as a brain disease revised: why it still matters, and the need for
consilience. Neuropsychopharmacology (New York, N.Y.), 46, 1715-1723.
https://doi.org/10.1038/s41386-020-00950-y

HEIT, E. & ROTELLO, C. M. 2010. Relations between inductive reasoning and
deductive reasoning. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 36, 805. https://doi.org/10.1037/a0018784

HERBST, E., MCCASLIN, S. E., HASSANBEIGI DARYANI, S., LAIRD, K. T.,
HOPKINS, L. B., PENNINGTON, D. & KUHN, E. 2020. A qualitative
examination of stay quit coach, a mobile application for veteran smokers with
posttraumatic stress disorder. Nicotine and Tobacco Research, 22, 560-569.
https://doi.org/10.1093/ntr/ntz037

HERNANDEZ-LOPEZ, M., LUCIANO, M. C., BRICKER, J. B., ROALES-NIETO, J.
G. & MONTESINOS, F. 2009. Acceptance and Commitment Therapy for
Smoking Cessation: A Preliminary Study of lts Effectiveness in Comparison
With Cognitive Behavioral Therapy. Psychology of addictive behaviors, 23,
723-730. https://doi.org/10.1037/a0017632

HIGGINS, J., THOMAS, J., CHANDLER, J., M, C., LI, T., PAGE, M. & WELCH, V. E.
2022. Cochrane Handbook for Systematic Reviews of Interventions version
6.3 (updated February 2022) [Online]. Available:
www.training.cochrane.org/handbook. [Accessed June 10th 2023].

HO, S. Y. & BODOFF, D. 2014. The Effects of Web Personalization on User Attitude
and Behavior: An Integration of the Elaboration Likelihood Model and
Consumer Search Theory. MIS quarterly, 38, 497-A10.
https://doi.org/10.25300/MISQ/2014/38.2.08

HOENS, S., SMETCOREN, A. S., SWITSERS, L. & DE DONDER, L. 2022.
Community health workers and culturally competent home care in Belgium: A
realist evaluation. Health & social care in the community, 30, e1966-e1976.
https://doi.org/10.1111/hsc.13630

HOLLIS, M. 1994. The philosophy of social science: An introduction, Cambridge,
Cambridge University Press.

HOPKINS, P. D., SPEARS, C. A., HOOVER, D. S, LI, L., CAMBRON, C., POTTER,
L. N., CINCIRIPINI, P. M., LAM, C. Y. & WETTER, D. W. 2022. Trajectories of
motivation and self-efficacy during a smoking quit attempt: An ecological
momentary assessment study. Psychology of Addictive Behaviors, 36, 78.
https://doi.org/10.1037/adb0000734

HOWDEN-CHAPMAN, P., SIRI, J., CHISHOLM, E., CHAPMAN, R., DOLL, C. N. &
CAPON, A. (2017). SDG 3: Ensure healthy lives and promote wellbeing for all
at all ages. A guide to SDG interactions: from science to implementation.
Paris, France: International Council for Science. Paris, France: International
Council for Science.

HU, M., RICH, Z. C., LUO, D. & XIAO, S. 2012. Cigarette Sharing and Gifting in
Rural China: A Focus Group Study. Nicotine & tobacco research, 14, 361-
367. https://doi.org/10.1093/ntr/ntr262

HUANG, A., WU, K., CAI, Z., LIN, Y., ZHANG, X. & HUANG, Y. 2021. Association
between postnatal second-hand smoke exposure and ADHD in children: a
systematic review and meta-analysis. Environmental science and pollution
research international, 28, 1370-1380. https://doi.org/10.1007/s11356-020-
11269-y

264



HUANG, W. 2019. Treatment for smoking addiction without the use of any
medication. J Pul Med Respi Ther.

HUBEI PROVINCE GOVERNMENT. 2024. Wuhan's GDP surpassed 2 trillion yuan,
reaching a new milestone [Online]. Available:
https://www.hubei.gov.cn/zwgk/hbyw/hbywqb/202401/t20240127 5064376.sh
tml [Accessed July 10th 2024].

HUGHES, J. R. 2010. Craving among long-abstinent smokers: an Internet survey.
Nicotine & Tobacco Research, 12, 459-462. https://doi.org/10.1093/ntr/ntq009

HUNT, W. A. 2017. Learning mechanisms in smoking, London, Taylor & Francis.

HUSSAIN, Z., GRIFFITHS, M. D. & BAGULEY, T. 2012. Online gaming addiction:
Classification, prediction and associated risk factors. Addiction Research &
Theory, 20, 359-371.
https://doi.org/https://doi.org/10.3109/16066359.2011.640442

ISENSEE, B. & HANEWINKEL, R. 2012. Meta-analysis on the effects of the smoke-
free class competition on smoking prevention in adolescents. S. Karger AG
Basel, Switzerland.

ISO 2010. Ergonomics of Human-system Interaction: Part 210: Human-centred
Design for Interactive Systems. Geneva: International Organization for
Standardization.

ISO. 2013. Usability of consumer products and products for public use — Part 2:
Summative test method [Online]. Available:
https://www.iso.org/obp/ui/#iso:std:iso:ts:20282:-2:ed-2:v1:en [Accessed
September 19th 2023].

ISO 2019. Ergonomics of human-system interaction: Human-centred design for
interactive systems. Geneva: International Organization for Standardization.

ISO, 1. 2018. Ergonomics of human-system interaction—Part 11: Usability:
Definitions and concepts Geneva: International Organization for
Standardization.

JACQUETTE, D. 2002. Ontology, London, Routledge.

JAGOSH, J. 2020. Retroductive theorizing in Pawson and Tilley's applied scientific
realism. Journal of critical realism, 19, 121-130.
https://doi.org/10.1080/14767430.2020.1723301

JAGOSH, J., STOTT, H., HALLS, S., THOMAS, R., LIDDIARD, C., CUPPLES, M.,
CRAMP, F., KERSTEN, P., FOSTER, D. & WALSH, N. E. 2022. Benefits of
realist evaluation for rapidly changing health service delivery. BMJ open, 12,
e060347. https://doi.org/10.1136/bmjopen-2021-060347

JAYES, L., HASLAM, P. L., GRATZIOU, C. G., POWELL, P., BRITTON, J.,
VARDAVAS, C., JIMENEZ-RUIZ, C. & LEONARDI-BEE, J. 2016. SmokeHaz:
Systematic Reviews and Meta-analyses of the Effects of Smoking on
Respiratory Health. Chest, 150, 164-179.
https://doi.org/10.1016/j.chest.2016.03.060

JOHNSON, D., ALEXANDER, G., KAPKE, A., MCCLURE, J., WIESE, C., GREENE,
S. & STRECHER, V. 2009. The relationship of social support and smoking
cessation among African Americans enrolled in the Project Quit Study. Clin
Res Med, 137, PS1-28. https://doi.org/10.3121/cmr.6.3-4.137-a

JORDAN, P. W. 2020. An introduction to usability, London, CRC Press.

JORDAN, S. J., WHITEMAN, D. C., PURDIE, D. M., GREEN, A. C. & WEBB, P. M.
2006. Does smoking increase risk of ovarian cancer? A systematic review.
Gynecologic oncology, 103, 1122-1129.
https://doi.org/10.1016/j.ygyno.2006.08.012

265



JOSEPH, R. M., MOVAHEDI, M., DIXON, W. G. & SYMMONS, D. P. M. 2017. Risks
of smoking and benefits of smoking cessation on hospitalisations for
cardiovascular events and respiratory infection in patients with rheumatoid
arthritis: a retrospective cohort study using the Clinical Practice Research
Datalink. Rheumatic & musculoskeletal diseases open, 3, e000506-e000506.
https://doi.org/10.1136/rmdopen-2017-000506

KANG, R., BROWN, S. & KIESLER, S. Why do people seek anonymity on the
internet? Informing policy and design. Proceedings of the SIGCHI conference
on human factors in computing systems, 2013. 2657-2666.

KIM, D. & GILMAN, D. A. 2008. Effects of text, audio, and graphic aids in multimedia
instruction for vocabulary learning. Journal of educational technology &
society, 11, 114-126.

KIM, H. M., XU, Y. & WANG, Y. 2022. Overcoming the mental health stigma through
m-health apps: results from the healthy minds study. Telemedicine and e-
Health, 28, 1534-1540. https://doi.org/https://doi.org/10.1089/tmj.2021.0418

KIM, K.-H., KIM, K.-J., LEE, D.-H. & KIM, M.-G. 2019. Identification of critical quality
dimensions for continuance intention in mHealth services: Case study of
onecare service. International journal of information management, 46, 187-
197. https://doi.org/10.1016/j.ijinfomgt.2018.12.008

KING, E., CHEYNE, H., ABHYANKAR, P., ELDERS, A., GRINDLE, M., HAPCA, A.,
JONES, C., OCARROLL, R., STEELE, M. & WILLIAMS, B. 2022. Promoting
smoking cessation during pregnancy: A feasibility and pilot trial of a digital
storytelling intervention delivered via text-messaging. Patient education and
counseling, 105, 2562-2572. https://doi.org/10.1016/j.pec.2021.12.019

KLEIN, P., LAWN, S., TSOURTOS, G. & VAN AGTEREN, J. 2019. Tailoring of a
smartphone smoking cessation app (kick. it) for serious mental iliness
populations: qualitative study. JMIR human factors, 6, e14023.
https://doi.org/10.2196/14023

KODRIATI, N., PURSELL, L. & HAYATI, E. N. 2018. A scoping review of men,
masculinities, and smoking behavior: The importance of settings. Global
health action, 11, 1589763-1589763.
https://doi.org/10.1080/16549716.2019.1589763

KOZHEVNIKOQV, A., VINCENT, S., ATKINSON, P., DELAMONT, S., CERNAT, A.,
SAKSHAUG, J. W. & WILLIAMS, R. A. 2020. Critical realism London, SAGE
Publications Ltd.

KREFTING, L. 1991. Rigor in qualitative research: The assessment of
trustworthiness. The American journal of occupational therapy, 45, 214-222.
https://doi.org/10.5014/ajot.45.3.214

KRIPPENDORFF, K. 2019. Content analysis : an introduction to its methodology /
Klaus Krippendorff, Los Angeles, SAGE.

KRUSE, G. R. 2019. mHealth solutions for engaging smokers unmotivated to quit.
The Lancet Digital Health, 1, e153-e154. https://doi.org/10.1016/S2589-
7500(19)30089-5

KUKLA, A. 2013. Social constructivism and the philosophy of science, London,
Routledge.

KUMAR, S., NILSEN, W. J., HEDEKER, D., HONAVAR, V., KRAVITZ, R.,
LEFEBVRE, R. C., MOHR, D. C., MURPHY, S. A., QUINN, C.,
SHUSTERMAN, V., SWENDEMAN, D., ABERNETHY, A., ATIENZA, A.,
PATRICK, K., PAVEL, M., RILEY, W. T., SHAR, A., SPRING, B. & SPRUIJT-
METZ, D. 2013. Mobile Health Technology Evaluation: The mHealth Evidence

266



Workshop. American journal of preventive medicine, 45, 228-236.
https://doi.org/10.1016/[.amepre.2013.03.017

LADEIRAS-LOPES, R., PEREIRA, A. K., NOGUEIRA, A., PINHEIRO-TORRES, T.,
PINTO, I., SANTOS-PEREIRA, R. & LUNET, N. 2008. Smoking and Gastric
Cancer: Systematic Review and Meta-Analysis of Cohort Studies. Cancer
causes & control, 19, 689-701. https://doi.org/10.1007/s10552-008-9132-y

LAKIER, J. B. 1992. Smoking and cardiovascular disease. The American journal of
medicine, 93, S8-S12. https://doi.org/https://doi.org/10.1016/0002-
9343(92)90620-Q

LANCASTER, T., HAJEK, P., STEAD, L. F., WEST, R. & JARVIS, M. J. 2006.
Prevention of Relapse After Quitting Smoking: A Systematic Review of Trials.
Archives of internal medicine (1960), 166, 828-835.
https://doi.org/10.1001/archinte.166.8.828

LAO, L., XU, L. & XU, S. (2012). Traditional chinese medicine. Integrative pediatric
oncology. Berlin: Springer.

LARSON, R. W. & RUSK, N. 2011. Intrinsic motivation and positive development.
Advances in child development and behavior, 41, 89-130.
https://doi.org/10.1016/B978-0-12-386492-5.00005-1

LEE, E.-H., SHIN, S.-H. & JEONG, G.-C. 2022. Smoking Awareness and Intention to
Quit Smoking in Smoking Female Workers: Secondary Data Analysis.
International journal of environmental research and public health, 19, 2841.
https://doi.org/10.3390/ijerph19052841

LEE, J. Y., KIM, J. Y., YOU, S. J,,KIM, Y. S., KOO, H. Y., KIM, J. H., KIM, S., PARK,
J. H., HAN, J. S, KIL, S., KIM, H., YANG, Y. S. & LEE, K. M. 2019.
Development and Usability of a Life-Logging Behavior Monitoring Application
for Obese Patients. Journal of Obesity & Metabolic Syndrome, 28, 194-202.
https://doi.org/10.7570/JOMES.2019.28.3.194

LEONARDI-BEE, J., ELLISON, T. & BATH-HEXTALL, F. 2012. Smoking and the
Risk of Nonmelanoma Skin Cancer: Systematic Review and Meta-analysis.
Archives of dermatology (1960), 148, 939-946.
https://doi.org/10.1001/archdermatol.2012.1374

LI, M., FRITZ, J., GONZALEZ, G., LEONARDI, C., PHILLIPPI, S., TRAPIDO, E.,
CELESTIN, M., YU, Q. & TSENG, T. S. 2024. Social support moderates the
relationship between minority stress and stage of change among LGBTQ
Smokers in the Deep South. Current psychology (New Brunswick, N.J.), 43,
1555-1563. https://doi.org/10.1007/s12144-023-04416-4

LI, R., WANG, D., CHEN, J., CHAI, J. & TANG, M. 2015. Regional Differences in
Smoking, Drinking, and Physical Activities of Chinese Residents. Asia-Pacific
Journal of public health, 27, NP230-NP239.
https://doi.org/10.1177/1010539512437604

LIN, H.-X. & CHANG, C. 2021. Factors associated with the quitting intention among
Chinese adults: Application of protection motivation theory. Current
Psychology. https://doi.org/10.1007/s12144-021-01500-5

LINK, B. G. & PHELAN, J. C. 2001. Conceptualizing stigma. Annual review of
Sociology, 27, 363-385. https://doi.org/10.1146/annurev.soc.27.1.363

LIVINGSTONE-BANKS, J., NORRIS, E., HARTMANN-BOYCE, J., WEST, R,,
JARVIS, M. & HAJEK, P. 2019. Relapse prevention interventions for smoking
cessation. Cochrane database of systematic reviews, 2, CD003999-
CDO003999. https://doi.org/10.1002/14651858.CD003999.pub5

267



LOPEZ-FERNANDEZ, O., HONRUBIA-SERRANO, L., FREIXA-BLANXART, M. &
GIBSON, W. 2014. Prevalence of problematic mobile phone use in British
adolescents. CyberPsychology, Behavior, and social networking, 17, 91-98.
https://doi.org/10.1089/cyber.2012.0260

LU, A.-P., JIA, H.-W., XIAO, C. & LU, Q.-P. 2004. Theory of traditional Chinese
medicine and therapeutic method of diseases. World journal of
gastroenterology : WJG, 10, 1854-1856.
https://doi.org/10.3748/wjg.v10.i13.1854

LUNA-PEREJON, F., MALWADE, S., STYLIADIS, C., CIVIT, J., CASCADO-
CABALLERO, D., KONSTANTINIDIS, E., ABDUL, S. S., BAMIDIS, P. D.,
CIVIT, A. & LI, Y.-C. J. 2019. Evaluation of user satisfaction and usability of a
mobile app for smoking cessation. Computer methods and programs in
biomedicine, 182, 105042. https://doi.org/10.1016/j.cmpb.2019.105042

LV, J., SU, M., HONG, Z., ZHANG, T., HUANG, X., WANG, B. & LI, L. 2011.
Implementation of the WHO Framework Convention on Tobacco Control in
mainland China. Tobacco control, 20, 309-314.
https://doi.org/10.1136/tc.2010.040352

MACKENCZIE, I. S. 2013. Human-computer interaction : an empirical research
perspective / I. Scott MacKenzie, Amsterdam ;, Elsevier Science.

MADDUX, J. E. & ROGERS, R. W. 1983. Protection motivation and self-efficacy: A
revised theory of fear appeals and attitude change. Journal of experimental
social psychology, 19, 469-479. https://doi.org/10.1016/0022-1031(83)90023-
9

MAGLIONE, M. A., MAHER, A. R., EWING, B., COLAIACO, B., NEWBERRY, S.,
KANDRACK, R., SHANMAN, R. M., SORBERO, M. E. & HEMPEL, S. 2017.
Efficacy of mindfulness meditation for smoking cessation: A systematic review
and meta-analysis. Addictive behaviors, 69, 27-34. https://doi.org/
10.1016/j.addbeh.2017.01.022

MAHMOODI, J., PRASANNA, A., HILLE, S., PATEL, M. K. & BROSCH, T. 2018.
Combining “carrot and stick” to incentivize sustainability in households.
Energy Policy, 123, 31-40. https://doi.org/10.1016/j.enpol.2018.08.037

MAKRI, A. 2019. Bridging the digital divide in health care. The Lancet. Digital health,
1, e204-e205. https://doi.org/10.1016/S2589-7500(19)30111-6

MALTERUD, K. 2001. Qualitative research: standards, challenges, and guidelines.
The lancet, 358, 483-488. https://doi.org/10.1016/S0140-6736(01)05627-6

MANZANO, A. 2016. The craft of interviewing in realist evaluation. Evaluation, 22,
342-360. https://doi.org/10.1177/1356389016638615

MAO, A. 2013. Space and power: Young mothers' management of smoking in
extended families in China. Health & place, 21, 102-109.
https://doi.org/10.1016/j.healthplace.2013.01.015

MAO, A., BOTTORFF, J. L., OLIFFE, J. L., SARBIT, G. & KELLY, M. T. 2015. A
qualitative study of Chinese Canadian fathers' smoking behaviors: intersecting
cultures and masculinities. BMC public health, 15, 286-286.
https://doi.org/10.1186/s12889-015-1646-0

MAO, A., BRISTOW, K. & ROBINSON, J. 2013. Caught in a dilemma: why do non-
smoking women in China support the smoking behaviors of men in their
families? Health education research, 28, 153-164.
https://doi.org/10.1093/her/cys078

MAO, A., YANG, T., BOTTORFF, J. L. & SARBIT, G. 2014. Personal and social
determinants sustaining smoking practices in rural China: a qualitative study.

268



International journal for equity in health, 13, 12-12.
https://doi.org/10.1186/1475-9276-13-12

MARAMIS, C., MYLONOPOULOU, V., STIBE, A., ISOMURSU, M. & CHOUVARDA,
|. Developing a smartphone application to support smoking behavior change
through social comparison. 2019 41st Annual International Conference of the
IEEE Engineering in Medicine and Biology Society (EMBC), 2019. IEEE,
6922-6925.

MARCHAL, B., VAN BELLE, S., VAN OLMEN, J., HOEREE, T. & KEGELS, G. 2012.
Is realist evaluation keeping its promise? A review of published empirical
studies in the field of health systems research. Evaluation, 18, 192-212.
https://doi.org/10.1177/1356389012442444

MARLATT, G. A. & GORDON, J. R. 1985. Relapse prevention : maintenance
strategies in the treatment of addictive behaviors / edited by G. Alan Marlatt,
Judith R. Gordon; foreword by G. Terence Wilson, New York ;, Guilford Press.

MARTINEZ-PEREZ, B., DE LA TORRE-DIEZ, |. & LOPEZ-CORONADO, M. 2013.
Mobile health applications for the most prevalent conditions by the world
health organization: Review and analysis. Journal of medical Internet
research, 15, e120-e120. https://doi.org/10.2196/jmir.2600

MARTINS, R. S., JUNAID, M. U., KHAN, M. S., AZIZ, N., FAZAL, Z. Z., UMOOQDI,
M., SHAH, F. & KHAN, J. A. 2021. Factors motivating smoking cessation: a
cross-sectional study in a lower-middle-income country. BMC Public Health,
21, 1-11. https://doi.org/10.1186/s12889-021-11477-2

MASCIA, M. B., BROSIUS, J. P.,, DOBSON, T. A, FORBES, B. C., HOROWITZ, L.,
MCKEAN, M. A. & TURNER, N. J. 2003. Conservation and the social
sciences. Conservation Biology, 17(3), 649-650.
https://doi.org/10.1046/j.1523-1739.2003.01738.x

MATTHEWS, G. 1994. The philosophy of childhood, Cambridge, Harvard University
Press.

MAXWELL, J. A. 2012a. Qualitative research design: An interactive approach,
California, Sage publications.

MAXWELL, J. A. 2012b. A realist approach for qualitative research Los Angeles,
Sage.

MCCLURE, J. B., HARTZLER, A. L. & CATZ, S. L. 2016. Design considerations for
smoking cessation apps: feedback from nicotine dependence treatment
providers and smokers. JMIR mHealth and uHealth, 4, €5181.
https://doi.org/10.2196/mhealth.5181

MCDONNELL, D. D., KAZINETS, G., LEE, H.-J. & MOSKOWITZ, J. M. 2011. An
internet-based smoking cessation program for Korean Americans: results
from a randomized controlled trial. Nicotine & Tobacco Research, 13, 336-
343. https://doi.org/10.1093/ntr/ntq260

MCKEE, S. A., SINHA, R., WEINBERGER, A. H., SOFUOGLU, M., HARRISON, E.
L., LAVERY, M. & WANZER, J. 2011. Stress decreases the ability to resist
smoking and potentiates smoking intensity and reward. Journal of
psychopharmacology, 25, 490-502.
https://doi.org/10.1177/0269881110376694

MEIJER, E., KORST, J. S., OOSTING, K. G., HEEMSKERK, E., HERMSEN, S.,
WILLEMSEN, M. C., VAN DEN PUTTE, B., CHAVANNES, N. H. & BROWN,
J. 2021. “At least someone thinks I’'m doing well”: a real-world evaluation of
the quit-smoking app StopCoach for lower socio-economic status smokers.

269



Addiction science & clinical practice, 16, 1-14. https://doi.org/10.1186/s13722-
021-00255-5

MELEMIS, S. 2010. | Want to Change My Life: How to Overcome Anxiety.
Depression and Addiction. Toronto: Modern Therapies.

MELEMIS, S. M. 2015. Relapse prevention and the five rules of recovery. The Yale
Journal of biology & medicine, 88, 325-332.

MEULE, A. 2020. The psychology of food cravings: the role of food deprivation.
Current nutrition reports, 9, 251-257. https://doi.org/10.1007/s13668-020-
00326-0

MEYEROWITZ-KATZ, G., RAVI, S., ARNOLDA, L., FENG, X., MABERLY, G. &
ASTELL-BURT, T. 2020. Rates of Attrition and Dropout in App-Based
Interventions for Chronic Disease: Systematic Review and Meta-Analysis.
Journal of medical Internet research, 22, e20283-e20283.
https://doi.org/10.2196/20283

MIGUEZ, M. C. & PEREIRA, B. 2021. Factors Associated with Smoking Relapse in
the Early Postpartum Period: A Prospective Longitudinal Study in Spain.
Maternal and child health journal, 25, 998-1006.
https://doi.org/10.1007/s10995-020-03019-w

MILES, B. M. & HUBERMAN, M. A. 1994. An expanded sourcebook: Qualitative
data analysis, California, Sage publications.

MINISTRY OF EDUCATION OF THE PEOPLE'S REPUBLIC OF CHINA. 2016.
Notice from the Ministry of Education on Hosting the Second China "Internet+"
College Student Innovation and Entrepreneurship Competition [Online].
Available:
http://www.moe.gov.cn/srcsite/A08/s5672/201603/t20160323 234807.html
[Accessed May 22th 2023].

MITCHELL, J., BOETTCHER-SHEARD, N., DUQUE, C. & LASHEWICZ, B. 2018.
Who Do We Think We Are? Disrupting Notions of Quality in Qualitative
Research. Qualitative health research, 28, 673-680.
https://doi.org/10.1177/1049732317748896

MOON, K. & BLACKMAN, D. 2014. Guide to Understanding Social Science
Research for Natural Scientists. Conservation biology, 28, 1167-1177.
https://doi.org/10.1111/cobi.12326

MORRIS, L. S., GREHL, M. M., RUTTER, S. B., MEHTA, M. & WESTWATER, M. L.
2022. On what motivates us: a detailed review of intrinsic v. extrinsic
motivation. Psychological medicine, 52, 1801-1816.
https://doi.org/10.1017/S0033291722001611

MORSE, J. M. 1995. The Significance of Saturation. Qualitative health research, 5,
147-149. https://doi.org/10.1177/104973239500500201

MORVILLE, P. & SULLENGER, P. 2010. Ambient Findability: Libraries, Serials, and
the Internet of Things. The Serials librarian, 58, 33-38.
https://doi.org/10.1080/03615261003622999

MOWBRAY, C. T., HOLTER, M. C., TEAGUE, G. B. & BYBEE, D. 2003. Fidelity
Criteria: Development, Measurement, and Validation. The American journal of
evaluation, 24, 315-340. https://doi.org/10.1177/109821400302400303

MUKUMBANG, F. C., DE SOUZA, D. E. & EASTWOOQD, J. G. 2023. The
contributions of scientific realism and critical realism to realist evaluation.
Journal of critical realism, ahead-of-print, 1-21.
https://doi.org/10.1080/14767430.2023.2217052

270



MURAVEN, M. 2010. Practicing Self-Control Lowers the Risk of Smoking Lapse.
Psychology of addictive behaviors, 24, 446-452.
https://doi.org/10.1037/a0018545

NAHUM-SHANI, I., SMITH, S. N., SPRING, B. J., COLLINS, L. M., WITKIEWITZ, K.,
TEWARI, A. & MURPHY, S. A. 2018. Just-in-Time Adaptive Interventions
(JITAIs) in Mobile Health: Key Components and Design Principles for
Ongoing Health Behavior Support. Annals of behavioral medicine, 52, 446-
462. https://doi.org/10.1007/s12160-016-9830-8

NAUGHTON, F. 2017. Delivering “Just-In-Time” smoking cessation support via
mobile phones: current knowledge and future directions. Nicotine & Tobacco
Research, 19, 379-383. https://doi.org/10.1093/ntr/ntw143

NAUGHTON, F., HOPEWELL, S., LATHIA, N., SCHALBROECK, R., BROWN, C.,
MASCOLO, C., MCEWEN, A. & SUTTON, S. 2016. A context-sensing mobile
phone app (Q sense) for smoking cessation: a mixed-methods study. JIMIR
mHealth and uHealth, 4, e5787. https://doi.org/10.2196/mhealth.5787

NAUGHTON, F., JAMISON, J., BOASE, S., SLOAN, M., GILBERT, H., PREVOST,
A.T., MASON, D., SMITH, S., BRIMICOMBE, J. & EVANS, R. 2014.
Randomized controlled trial to assess the short-term effectiveness of tailored
web-and text-based facilitation of smoking cessation in primary care (i Q uit in
P ractice). Addiction, 109, 1184-1193. htips://doi.org/10.1111/add.12556

NAUMANN, A. B., POHLMEYER, A. E., HUSSLEIN, S., KINDSMULLER, M. C.,
MOHS, C., & ISRAEL, J. H. 2008. Design for intuitive use: beyond usability. /n
CHI'08 Extended Abstracts on Human Factors in Computing Systems.

NCI. 2022. Handling Nicotine Withdrawal and Triggers When You Decide To Quit
Tobacco [Online]. Available: https://www.cancer.gov/about-cancer/causes-
prevention/risk/tobacco/withdrawal-fact-sheet [Accessed March 10th 2024].

NCI & WHO 2016. The Economics of Tobacco and Tobacco Control. National
Cancer Institute Tobacco Control Monograph 21. NIH Publication No. 16-CA-
8029A. Bethesda, MD: U.S. Department of Health and Human Services,
National Institutes of Health, National Cancer Institute; and Geneva,

CH: World Health Organization; 2016.

NEWING, H. 2011. Conducting research in conservation social science methods and
practice New York, Routledge.

NGUYEN THANH, V., GUIGNARD, R., LANCRENON, S., BERTRAND, C., DELVA,
C., BERLIN, I., PASQUEREAU, A. & ARWIDSON, P. 2019. Effectiveness of a
fully automated internet-based smoking cessation program: a randomized
controlled trial (STAMP). Nicotine and Tobacco Research, 21, 163-172.
https://doi.org/10.1093/ntr/nty016

NHS. 2016. Statistics on smoking: England, 2016 [Online]. Available:
https://digital.nhs.uk/data-and-information/publications/statistical/statistics-on-
smoking/statistics-on-smoking-england-2016 [Accessed March 3rd 2023].

NHS. 2023. Quit smoking [Online]. Available: https://www.nhs.uk/better-health/quit-
smoking/ [Accessed July 12th 2023].

NOBLE, H. & SMITH, J. 2015. Issues of validity and reliability in qualitative research.
Evidence-based nursing, 18, 34-35. https://doi.org/10.1136/eb-2015-102054

NOWELL, L. S., NORRIS, J. M., WHITE, D. E. & MOULES, N. J. 2017. Thematic
Analysis: Striving to Meet the Trustworthiness Criteria. International journal of
qualitative methods, 16, 1-13. https://doi.org/10.1177/1609406917733847

O'BRIEN, H. & CAIRNS, P. (2016). Designing for User Experience and Engagement.
Switzerland: Springer International Publishing AG.

271



O'BRIEN, H. L. & TOMS, E. G. 2008. What is user engagement? A conceptual
framework for defining user engagement with technology. Journal of the
American Society for Information Science and Technology, 59, 938-955.
https://doi.org/10.1002/asi.20801

O'CONNOR, S. & ANDREWS, T. 2018. Smartphones and mobile applications (apps)
in clinical nursing education: A student perspective. Nurse education today,
69, 172-178. https://doi.org/10.1016/j.nedt.2018.07.013

O’BRIEN, H. L., CAIRNS, P. & HALL, M. 2018. A practical approach to measuring
user engagement with the refined user engagement scale (UES) and new
UES short form. International Journal of Human-Computer Studies, 112, 28-
39. https://doi.org/https://doi.org/10.1016/j.ijhcs.2018.01.004

O’CONNOR, M., WHELAN, R., BRICKER, J. & MCHUGH, L. 2020. Randomized
controlled trial of a smartphone application as an adjunct to acceptance and
commitment therapy for smoking cessation. Behavior therapy, 51, 162-177.
https://doi.org/10.1016/j.beth.2019.06.003

OAKES, W., CHAPMAN, S., BORLAND, R., BALMFORD, J. & TROTTER, L. 2004.
“Bulletproof skeptics in life's jungle”: which self-exempting beliefs about
smoking most predict lack of progression towards quitting? Preventive
medicine, 39, 776-782. https://doi.org/10.1016/].ypmed.2004.03.001

OFFICE OF THE SURGEON GENERAL. 2020. Facing Addiction in America: The
Surgeon General’s Report on Alcohol, Drugs, and Health [Online]. Available:
https://www.ncbi.nlm.nih.gov/books/NBK424849/#ch2.s8 [Accessed August
3rd 2023].

OH, J., BELLUR, S. & SUNDAR, S. S. 2018. Clicking, assessing, immersing, and
sharing: An empirical model of user engagement with interactive media.
Communication Research, 45, 737-763.
https://doi.org/10.1177/0093650215600493

OIKONOMOU, M. T., ARVANITIS, M. & SOKOLOVE, R. L. 2017. Mindfulness
training for smoking cessation: a meta-analysis of randomized-controlled
trials. Journal of Health Psychology, 22, 1841-1850.
https://doi.org/10.1177/1359105316637667

OONO, I. P., MACKAY, D. F. & PELL, J. P. 2011. Meta-analysis of the association
between secondhand smoke exposure and stroke. Journal of public health
(Oxford, England), 33, 496-502. https://doi.org/10.1093/pubmed/fdr025

OSBORNE, J. F. 1996. Beyond constructivism. Science education, 80, 53-82.
https://doi.org/10.1002/(SICI1)1098-237X(199601)80:1<53::AlD-
SCE4>3.0.C0O;2-1

OWEN, N. & DAVIES, M. J. 1990. Smokers' preferences for assistance with
cessation. Preventive medicine, 19, 424-431. https://doi.org/10.1016/0091-
7435(90)90040-Q

PAAY, J., KIELDSKOQOV, J., BRINTHAPARAN, U., LICHON, L., RASMUSSEN, S.,
SRIKANDARAJA, N., SMITH, W., WADLEY, G. & PLODERER, B. Quitty:
using technology to persuade smokers to quit. Proceedings of the 8th Nordic
Conference on Human-Computer Interaction: Fun, Fast, Foundational, 2014.
551-560.

PAAY, J., KIELDSKOV, J., SKOV, M., BRINTHAPARAN, U., SRIKANDARAJAH, N.
& RAPTIS, D. QuittyLink: A Mobile Application that helps people Quit
Smoking. Proceedings of the 17th International Conference on Human-
Computer Interaction with Mobile Devices and Services Adjunct, 2015a. 599-
606.

272



PAAY, J., KIELDSKOQV, J., SKOV, M. B., LICHON, L. & RASMUSSEN, S.
Understanding individual differences for tailored smoking cessation apps.
Proceedings of the 33rd Annual ACM Conference on Human Factors in
Computing Systems, 2015b. 1699-1708.

PAAY, J., KIELDSKOV, J., SKOV, M. B., SRIKANDARAJAH, N. &
BRINTHAPARAN, U. Quittylink: Using smartphones for personal counseling
to help people quit smoking. Proceedings of the 17th International
Conference on Human-Computer Interaction with Mobile Devices and
Services, 2015c. 98-104.

PAGE, M. J., MCKENZIE, J. E., BOSSUYT, P. M., BOUTRON, I., HOFFMANN, T.
C., MULROW, C. D., SHAMSEER, L., TETZLAFF, J. M., AKL, E. A,,
BRENNAN, S. E., CHOU, R., GLANVILLE, J., GRIMSHAW, J. M.,
HROBJARTSSON, A., LALU, M. M,, LI, T., LODER, E. W., MAYO-WILSON,
E., MCDONALD, S., MCGUINNESS, L. A., STEWART, L. A.,, THOMAS, J.,
TRICCO, A. C.,, WELCH, V. A., WHITING, P. & MOHER, D. 2021. The
PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Systematic Reviews, 10, 89. https://doi.org/10.1186/s13643-021-
01626-4

PARTALA, T. & SAARI, T. 2015. Understanding the most influential user
experiences in successful and unsuccessful technology adoptions. Computers
in human behavior, 53, 381-395. https://doi.org/10.1016/j.chb.2015.07.012

PATRA, J., BHATIA, M., SURAWEERA, W., MORRIS, S. K., PATRA, C., GUPTA, P.
C. & JHA, P. 2015. Exposure to second-hand smoke and the risk of
tuberculosis in children and adults: a systematic review and meta-analysis of
18 observational studies. PLoS medicine, 12, e1001835; discussion
e1001835-e1001835; discussion e1001835.
https://doi.org/10.1371/journal.pmed.1001835

PAWSON, R. 1996. Theorizing the interview. British Journal of Sociology, 295-314.
https://doi.org/10.2307/591728

PAWSON, R. 2013. The science of evaluation: a realist manifesto, London, sage.

PAWSON, R., GREENHALGH, T., HARVEY, G. & WALSHE, K. 2005. Realist
review-a new method of systematic review designed for complex policy
interventions. Journal of health services research & policy, 10, 21-34.
https://doi.org/10.1258/1355819054308530

PAWSON, R. & MANZANO-SANTAELLA, A. 2012. A realist diagnostic workshop.
Evaluation, 18, 176-191. https://doi.org/10.1177/1356389012440912

PAWSON, R. & TILLEY, N. (1997a). An introduction to scientific realist evaluation.
Evaluation for the 21st century: A handbook. United States: SAGE
Publications.

PAWSON, R. & TILLEY, N. 1997b. Realistic evaluation London, Sage.

PEIRIS, D., WRIGHT, L., ROGERS, K., REDFERN, J., CHOW, C. & THOMAS, D.
2019. A smartphone app to assist smoking cessation among aboriginal
australians: Findings from a pilot randomized controlled trial. JMIR mHealth
and uHealth, 7, e12745. https://doi.org/10.2196/12745

PERIS, M., DE LA BARRERA, U., SCHOEPS, K. & MONTOYA-CASTILLA, 1. 2020.
Psychological Risk Factors that Predict Social Networking and Internet
Addiction in Adolescents. International journal of environmental research and
public health, 17, 4598. https://doi.org/10.3390/ijerph17124598

PEW RESEARCH CENTER. 2019. Smartphone Ownership Is Growing Rapidly
Around the World, but Not Always Equally [Online]. Available:

273



https://www.pewresearch.org/global/2019/02/05/smartphone-ownership-is-
growing-rapidly-around-the-world-but-not-always-equally/ [Accessed June 7th
2023].

PHILIP, K. E. J., BU, F., POLKEY, M. |, BROWN, J., STEPTOE, A., HOPKINSON,
N. S. & FANCOURT, D. 2022. Relationship of smoking with current and future
social isolation and loneliness: 12-year follow-up of older adults in England.
The Lancet regional health. Europe, 14, 100302-100302.
https://doi.org/10.1016/j.lanepe.2021.100302

PIERCE, J. P. & GILPIN, E. A. 2003. A minimum 6-month prolonged abstinence
should be required for evaluating smoking cessation trials. Nicotine &
Tobacco Research, 5, 151-153.
https://doi.org/10.1080/0955300031000083427

POPAY, J., ROBERTS, H., SOWDEN, A., PETTICREW, M., ARAI, L., RODGERS,
M., BRITTEN, N., ROEN, K. & DUFFY, S. 2006. Guidance on the conduct of
narrative synthesis in systematic reviews. A product from the ESRC methods
programme Version. Lancaster: Institute for Health Research: Lancaster
University.

PRENTICE-DUNN, S. & ROGERS, R. W. 1986. Protection Motivation Theory and
preventive health: beyond the Health Belief Model. Health education research,
1, 153-161. https://doi.org/10.1093/her/1.3.153

PROCHASKA, J. O. 2008. Decision Making in the Transtheoretical Model of
Behavior Change. Medical decision making, 28, 845-849.
https://doi.org/10.1177/0272989X08327068

PROCHASKA, J. O. & DICLEMENTE, C. C. 1982. Transtheoretical therapy: Toward
a more integrative model of change. Psychotherapy (Chicago, lll.), 19, 276-
288. https://doi.org/10.1037/h0088437

PROCHASKA, J. O. & DICLEMENTE, C. C. 1983. STAGES AND PROCESSES OF
SELF-CHANGE OF SMOKING - TOWARD AN INTEGRATIVE MODEL OF
CHANGE. Journal of consulting and clinical psychology, 51, 390-395.
https://doi.org/10.1037//0022-006X.51.3.390

PROCHASKA, J. O. & NORCROSS, J. C. 2018. Systems of psychotherapy: A
transtheoretical analysis, New York, Oxford University Press.

QIAN, Y., GUI, W., MA, F. & DONG, Q. 2021. Exploring features of social support in
a Chinese online smoking cessation community: A multidimensional content
analysis of user interaction data. Health Informatics Journal, 27,
14604582211021472. https://doi.org/10.1177/14604582211021472

RAJANI, N. B., MASTELLOS, N. & FILIPPIDIS, F. T. 2021a. Impact of Gamification
on the Self-Efficacy and Motivation to Quit of Smokers: Observational Study
of Two Gamified Smoking Cessation Mobile Apps. JMIR serious games, 9,
€27290-e27290. https://doi.org/10.2196/27290

RAJANI, N. B., MASTELLOS, N. & FILIPPIDIS, F. T. 2021b. Self-efficacy and
motivation to quit of smokers seeking to quit: Quantitative assessment of
smoking cessation mobile apps. JMIR mHealth and uHealth, 9, e25030-
€25030. https://doi.org/10.2196/25030

REGMI, K., KASSIM, N., AHMAD, N. & TUAH, N. A. 2017. Effectiveness of mobile
apps for smoking cessation: a review. Tobacco Prevention & Cessation, 3.
https://doi.org/10.18332/tpc/70088

REYNOLDS, J., KIZITO, J., EZUMAH, N., MANGESHO, P., ALLEN, E. &
CHANDLER, C. 2011. Quality assurance of qualitative research: A review of

274



the discourse. Health research policy and systems, 9, 43-43.
https://doi.org/10.1186/1478-4505-9-43

RICH, Z. C. & XIAO, S. 2012. Tobacco as a Social Currency: Cigarette Gifting and
Sharing in China. Nicotine & tobacco research, 14, 258-263.
https://doi.org/10.1093/ntr/ntr156

RINK, M., CRIVELLI, J. J., SHARIAT, S. F., CHUN, F. K., MESSING, E. M. &
SOLOWAY, M. S. 2015. Smoking and Bladder Cancer: A Systematic Review
of Risk and Outcomes. European urology focus, 1, 17-27.
https://doi.org/10.1016/j.euf.2014.11.001

RITCHIE, J. & LEWIS, J. 2003. Qualitative research practice: a guide for social
science students and researchers, London, Sage Publications.

RITTER, F. E., BAXTER, G. D. & CHURCHILL, E. F. 2014. Foundations for
designing user-centered systems, London, Springer.

ROBINSON, J. D,, LI, L., CHEN, M., LERMAN, C., TYNDALE, R. F., SCHNOLL, R.
A., HAWK, L. W., GEORGE, T. P., BENOWITZ, N. L. & CINCIRIPINI, P. M.
2019. Evaluating the Temporal Relationships Between Withdrawal Symptoms
and Smoking Relapse. Psychology of addictive behaviors, 33, 105-116.
https://doi.org/10.1037/adb00004 34

ROCCAS, S., SAGIV, L., SCHWARTZ, S. H. & KNAFO, A. 2002. The big five
personality factors and personal values. Personality and social psychology
bulletin, 28, 789-801. https://doi.org/10.1177/0146167202289008

RODGERS, A., CORBETT, T., BRAMLEY, D., RIDDELL, T., WILLS, M., LIN, R.-B. &
JONES, M. 2005. Do u smoke after txt? Results of a randomised trial of
smoking cessation using mobile phone text messaging. Tobacco control, 14,
255-261. https://doi.org/10.1136/tc.2005.011577

ROGERS, R. W. 1975. A protection motivation theory of fear appeals and attitude
change. The journal of psychology, 91, 93-114.
https://doi.org/10.1080/00223980.1975.9915803

ROMEDO, A., EDNEY, S., PLOTNIKOFF, R., CURTIS, R., RYAN, J., SANDERS, I.,
CROZIER, A. & MAHER, C. 2019. Can Smartphone Apps Increase Physical
Activity? Systematic Review and Meta-Analysis. Journal of medical Internet
research, 21, e12053-e12053. https://doi.org/10.2196/12053

RUSU, A, BLAGA, O., BUCEVSCHI, M. & MEGHEA, C. 2020. Co-designing a
mHealth intervention to prevent smoking relapse after birth. Romanian
Journal of Psychology, 22. https://doi.org/10.24913/rjap.22.1.04

RYAN, R. M. 2023. The Oxford handbook of self-determination theory / edited by
Richard M. Ryan, New York, Oxford University Press.

SANTO, K. & REDFERN, J. 2019. The Potential of mHealth Applications in
Improving Resistant Hypertension Self-Assessment, Treatment and Control.
Current hypertension reports, 21, 81-10. https://doi.org/10.1007/s11906-019-
0986-z

SCELLS, H., ZUCCON, G., KOOPMAN, B., DEACON, A., AZZOPARDI, L. & GEVA,
S. Integrating the framing of clinical questions via PICO into the retrieval of
medical literature for systematic reviews. Proceedings of the 2017 ACM on
Conference on Information and Knowledge Management, 2017. 2291-2294.

SCHAEFER, C., COYNE, J. C. & LAZARUS, R. S. 1981. The health-related
functions of social support. Journal of behavioral medicine, 4, 381-406.
https://doi.org/10.1007/bf00846149

SCHICK, R. S., KELSEY, T. W., MARSTON, J., SAMSON, K. & HUMPHRIS, G. W.
2018. MapMySmoke: feasibility of a new quit cigarette smoking mobile phone

275



application using integrated geo-positioning technology, and motivational
messaging within a primary care setting. Pilot and feasibility studies, 4, 1-10.
https://doi.org/10.1186/s40814-017-0165-4

SCHUCK, K., BRICKER, J. B., OTTEN, R., KLEINJAN, M., BRANDON, T. H. &
ENGELS, R. C. 2014. Effectiveness of proactive quitline counselling for
smoking parents recruited through primary schools: results of a randomized
controlled trial. Addiction, 109, 830-841. https://doi.org/10.1111/add.12485

SEIDMAN, 1. 2006. Interviewing as qualitative research: A guide for researchers in
education and the social sciences, New York, Teachers college press.

SELL, V., ETTALA, O., PEREZ, I. M., JARVINEN, R., PEKKARINEN, T., VAARALA,
M., SEPPANEN, M., LIUKKONEN, T., MARTTILA, T., AALTOMAA, S. &
BOSTROM, P. J. 2022. Awareness of Smoking as a Risk Factor in Bladder
Cancer: Results from the Prospective FinnBladder 9 Trial. European urology
focus, 8, 1246-1252. https://doi.org/10.1016/j.euf.2022.01.012

SEO, S., CHO, S.-I.,, YOON, W. & LEE, C. M. 2022. Classification of smoking
cessation apps: quality review and content analysis. JMIR mHealth and
uHealth, 10, e17268. https://doi.org/10.2196/17268

SHARMA, M. K. & ANAND, N. 2019. Abstinence violation effect and pornography
use: Implications for intervention. Australian & New Zealand Journal of
Psychiatry, 53, 367-367. https://doi.org/10.1177/0004867419829219

SHARMA, S., BARNETT, K. G., MAYPOLE, J. & MISHURIS, R. G. 2022. Evaluation
of mHealth Apps for Diverse, Low-Income Patient Populations: Framework
Development and Application Study. JMIR formative research, 6, €29922-
€29922. https://doi.org/10.2196/29922

SHI, L., ZHONG, L. & CAl, Y. 2020. Economic burden of smoking-attributable
diseases in China: A systematic review. Tobacco induced diseases, 18, 1-9.
https://doi.org/10.18332/T1D/120102

SHULTZ, S. & HAND, M. W. 2015. Usability: A Concept Analysis. Journal of theory
construction & testing, 19, 65-70.

SHUMAKER, S. A. & BROWNELL, A. 1984. Toward a theory of social support:
Closing conceptual gaps. Journal of social issues, 40, 11-36.
https://doi.org/10.1111/j.1540-4560.1984.tb01105.x

SHUY, R. W. (2001). In-Person Versus Telephone Interviewing. Thousand Oaks,
California: SAGE Publications, Inc.

SIEVANEN, L., CAMPBELL, L. M. & LESLIE, H. M. 2012. Challenges to
Interdisciplinary Research in Ecosystem-Based Management. Conservation
biology, 26, 315-323. https://doi.org/10.1111/].1523-1739.2011.01808.x

SIGMON, S. C. & PATRICK, M. E. 2012. The use of financial incentives in promoting
smoking cessation. Preventive medicine, 55, S24-S32.
https://doi.org/10.1016/..ypmed.2012.04.007

SILIES, K. T., KOPKE, S. & SCHNAKENBERG, R. 2021. Informal caregivers and
advance care planning: systematic review with qualitative meta-synthesis.
BMJ supportive & palliative care, 12, e472-e483.
https://doi.org/10.1136/bmjspcare-2021-003095

SKOV-ETTRUP, L. S., DALUM, P., BECH, M. & TOLSTRUP, J. S. 2016. The
effectiveness of telephone counselling and internet-and text-message-based
support for smoking cessation: results from a randomized controlled trial.
Addiction, 111, 1257-1266. https://doi.org/10.1111/add.13302

SMIT, E. S., CANDEL, M. J., HOVING, C. & DE VRIES, H. 2016. Results of the PAS
Study: A Randomized Controlled Trial Evaluating the Effectiveness of a Web-

276



Based Multiple Tailored Smoking Cessation Program Combined With Tailored
Counseling by Practice Nurses. Health Communication, 31, 1165 - 1173.
https://doi.org/10.1080/10410236.2015.1049727

SMIT, E. S., DE VRIES, H. & HOVING, C. 2012. Effectiveness of a Web-based
multiple tailored smoking cessation program: a randomized controlled trial
among Dutch adult smokers. Journal of medical Internet research, 14, e1812.
https://doi.org/10.2196/imir. 1812

SMITH, W., PLODERER, B., WADLEY, G., WEBBER, S. & BORLAND, R.
Trajectories of engagement and disengagement with a story-based smoking
cessation app. Proceedings of the 2017 CHI conference on human factors in
computing systems, 2017. 3045-3056.

SPILLERS, F. & ASIMAKOPOULOS, S. Does Social User Experience Improve
Motivation for Runners? A Diary Study Comparing Mobile Health Applications.
Cham. Springer International Publishing, 358-369.

SQUIRES, A. 2009. Methodological challenges in cross-language qualitative
research: A research review. International journal of nursing studies, 46, 277-
287. https://doi.org/10.1016/}.ijnurstu.2008.08.006

STATISTA. 2023. Smartphone penetration rate in China from 2018 to 2022 with
forecasts until 2027 [Online]. Available:
https://www.statista.com/statistics/321482/smartphone-user-penetration-in-
china/#:~:text=Sep%2029%2C%202023%20As%200f,are%2090ing%20t0%2
Ouse%20a [Accessed Oct 20th 2023].

STATISTA. 2024. Number of smartphone users in China 2018-2027 [Online].
Available: https://www.statista.com/statistics/467160/forecast-of-smartphone-
users-in-china/ [Accessed April 5th 2024].

STEELE, L. G. & LYNCH, S. M. 2013. The pursuit of happiness in China:
Individualism, collectivism, and subjective well-being during China’s economic
and social transformation. Social indicators research, 114, 441-451.
https://doi.org/10.1007/s11205-012-0154-1

STEPHANIDIS, C., AKOUMIANAKIS, D., SFYRAKIS, M. & PARAMYTHIS, A.
Universal accessibility in HCI: Process-oriented design guidelines and tool
requirements. Proceedings of the 4th ERCIM Workshop on User Interfaces
for all, Stockholm, Sweden, 1998. 19-21.

STOYANOV, S. R, HIDES, L., KAVANAGH, D. J., ZELENKO, O.,
TJONDRONEGORO, D. & MANI, M. 2015. Mobile app rating scale: a new
tool for assessing the quality of health mobile apps. JMIR mHealth and
uHealth, 3, e3422. https://doi.org/10.2196/mhealth.3422

STRUIK, L. L., BOTTORFF, J. L., BASKERVILLE, N. B., OLIFFE, J. & CRICHTON,
S. 2019. Comparison of Developers’ and End-Users’ Perspectives About
Smoking Cessation Support Through the Crush the Crave App. JMIR mHealth
and uHealth, 7, e10750. https://doi.org/10.2196/10750

STRUIK, L. L., BOTTORFF, J. L., BASKERVILLE, N. B. & OLIFFE, J. L. 2018. The
crush the crave quit smoking app and young adult smokers: qualitative case
study of affordances. JMIR mHealth and uHealth, 6, e9489.
https://doi.org/10.2196/mhealth.9489

STUBER, J., GALEA, S. & LINK, BRUCE G. 2009. Stigma and Smoking: The
Consequences of Our Good Intentions. The Social service review (Chicago),
83, 585-609. https://doi.org/10.1086/650349

SUN, X., PROCHASKA, J. O., VELICER, W. F. & LAFORGE, R. G. 2007.
Transtheoretical principles and processes for quitting smoking: A 24-month

277



comparison of a representative sample of quitters, relapsers, and non-
quitters. Addictive behaviors, 32, 2707-2726.
https://doi.org/10.1016/j.addbeh.2007.04.005

SUTCLIFFE, A. (2016). Designing for user experience and engagement. Why
Engagement Matters: Cross-Disciplinary Perspectives of User Engagement in
Digital Media. Cham: Springer International Publishing.

SZYMANSKI, J., OSTROWSKA, A., PINKAS, J., GIERMAZIAK, W., KRZYCH-
FALTA, E. & JANKOWSKI, M. 2022. Awareness of Tobacco-Related
Diseases among Adults in Poland: A 2022 Nationwide Cross-Sectional
Survey. International journal of environmental research and public health, 19,
5702. https://doi.org/10.3390/ijerph19095702

TAUER, J. M. & HARACKIEWICZ, J. M. 2004. The effects of cooperation and
competition on intrinsic motivation and performance. Journal of personality
and social psychology, 86, 849. https://doi.org/10.1037/0022-3514.86.6.849

TEMPLE, B. & YOUNG, A. 2004. Qualitative research and translation dilemmas.
Qualitative research, 4, 161-178. hittps://doi.org/10.1177/1468794104044430

THE RAMESES Il PROJECT. 2017a. Developing Realist Programme Theories
[Online]. Available:
https://www.ramesesproject.org/media/RAMESES |l Developing realist pro
gramme _theories.pdf [Accessed May 19th 2023].

THE RAMESES Il PROJECT. 2017b. Retroduction in realist evaluation [Online].
Available:
https://www.ramesesproject.org/media/RAMESES |l Retroduction.pdf
[Accessed January 8th 2023].

THE RAMESES Il PROJECT. 2017c. “Theory” in realist evaluation [Online].
Available:
https://www.ramesesproject.org/media/RAMESES |l Theory in realist evalu
ation.pdf [Accessed April 5th 2022].

THE RAMESES Il PROJECT. 2017d. What is a mechanism? What is a programme
mechanism? [Online]. Available:
https://www.ramesesproject.org/media/RAMESES |I_What_is_a_mechanism.

pdf [Accessed April 9th 2023].

THE RAMESES Il PROJECT. 2017e. What realists mean by context [Online].
Available: https://www.ramesesproject.org/media/RAMESES |l Context.pdf
[Accessed May 6th 2023].

THOMSEN, C. (2013). Sustainability (World Commission on Environment and
Development Definition). Berlin, Heidelberg: Springer Berlin Heidelberg.

THORNTON, L., QUINN, C., BIRRELL, L., GUILLAUMIER, A., SHAW, B., FORBES,
E., DEADY, M. & KAY-LAMBKIN, F. 2017. Free smoking cessation mobile
apps available in Australia: a quality review and content analysis. Australian
and New Zealand journal of public health, 41, 625-630.
https://doi.org/10.1111/1753-6405.12688

TONG, A., FLEMMING, K., MCINNES, E., OLIVER, S. & CRAIG, J. 2012.
Enhancing transparency in reporting the synthesis of qualitative research:
ENTREQ. BMC medical research methodology, 12, 1-8.
https://doi.org/10.1186/1471-2288-12-181

TOROUS, J., LIPSCHITZ, J., NG, M. & FIRTH, J. 2020. Dropout rates in clinical
trials of smartphone apps for depressive symptoms: A systematic review and
meta-analysis. Journal of affective disorders, 263, 413-419.
https://doi.org/10.1016/j.jad.2019.11.167

278



TREYSTER, Z. & GITTERMAN, B. 2011. Second hand smoke exposure in children:
environmental factors, physiological effects, and interventions within
pediatrics. https://doi.org/doi.org/10.1515/reveh.2011.026

TRIANDAFILIDIS, Z., USSHER, J. M., PERZ, J. & HUPPATZ, K. 2017. An
Intersectional Analysis of Women’s Experiences of Smoking-Related Stigma.
Qualitative health research, 27, 1445-1460.
https://doi.org/10.1177/1049732316672645

TUDOR-SFETEA, C., RABEE, R., NAJIM, M., AMIN, N., CHADHA, M., JAIN, M.,
KARIA, K., KOTHARI, V., PATEL, T. & SUSEEHARAN, M. 2018. Evaluation
of two mobile health apps in the context of smoking cessation: qualitative
study of cognitive behavioral therapy (CBT) versus non-CBT-based digital
solutions. JMIR mHealth and uHealth, 6, €9405.
https://doi.org/10.2196/mhealth.9405

VELICER, W., PROCHASKA, J., FAVA, J., NORMAN, G. & REDDING, C. (1998).
Detailed overview of the transtheoretical model. Health Behavior and Health
Education: Theory, Research, and Practice. 3rd ed. San Francisco: Jossey-
Bass.

VILARDAGA, R., RIZO, J., KIENTZ, J. A.,, MCDONELL, M. G, RIES, R. K. &
SOBEL, K. 2016. User experience evaluation of a smoking cessation app in
people with serious mental illness. Nicotine & Tobacco Research, 18, 1032-
1038. https://doi.org/10.1093/ntr/ntv256

VILARDAGA, R., RIZO, J., RIES, R. K., KIENTZ, J. A., ZIEDONIS, D. M.,
HERNANDEZ, K. & MCCLERNON, F. J. 2019. Formative, multimethod case
studies of learn to quit, an acceptance and commitment therapy smoking
cessation app designed for people with serious mental illness. Translational
behavioral medicine, 9, 1076-1086. https://doi.org/10.1093/tbm/iby097

VILLABLANCA, A. C., MCDONALD, J. M. & RUTLEDGE, J. C. 2000. Smoking and
cardiovascular disease. Clinics in chest medicine, 21, 159-172.
https://doi.org/https://doi.org/10.1016/S0272-5231(05)70015-0

VOLKOW, N. D., KOOB, G. F. & MCLELLAN, A. T. 2016. Neurobiologic Advances
from the Brain Disease Model of Addiction. The New England journal of
medicine, 374, 363-371. https://doi.org/10.1056/NEJMra1511480

VOLPP, K. G. & GALVIN, R. 2014. Reward-based incentives for smoking cessation:
how a carrot became a stick. Jama, 311, 909-910.
https://doi.org/10.1001/jama.2014.418

VORK, K. L., BROADWIN, R. L. & BLAISDELL, R. J. 2007. Developing Asthma in
Childhood from Exposure to Secondhand Tobacco Smoke: Insights from a
Meta-Regression. Environmental health perspectives, 115, 1394-1400.
https://doi.org/10.1289/ehp.10155

WALKER, H. K., HALL, W. D. & HURST, J. W. 1990. Clinical methods: the history,
physical, and laboratory examinations, Boston, Butterworths.

WANG, J.-W., CUI, Z.-T., DING, N., ZHANG, C.-G., USAGAWA, T., BERRY, H. L.,
YU, J.-M. & LI, S.-S. 2014. A qualitative study of smoking behavior among the
floating population in Shanghai, China. BMC public health, 14, 1138-1138.
https://doi.org/10.1186/1471-2458-14-1138

WANG, M. & LI, X. 2017. Effects of the aesthetic design of icons on app downloads:
evidence from an android market. Electronic Commerce Research, 17, 83-
102. https://doi.org/10.1007/s10660-016-9245-4

WANG, M. P., LUK, T. T., WU, Y., LI, W. H.,, CHEUNG, D. Y., KWONG, A. C., LA,
V., CHAN, S. S. & LAM, T. H. 2019. Chat-based instant messaging support

279



integrated with brief interventions for smoking cessation: a community-based,
pragmatic, cluster-randomised controlled trial. The Lancet Digital Health, 1,
e183-e192. https://doi.org/10.1016/j.cct.2018.12.013

WANK, D. 2000. Cigarettes and domination in Chinese business networks:
institutional change during the market transition. The consumer revolution in
urban China, 1, 268-86. https://doi.org/10.1525/9780520921962-014

WARREN, C. A. B. (2002). Qualitative interviewing. Handbook of interview research:
Context and method. Thousand Oaks, Calif: Sage Publications.

WATT, D. 2007. On becoming a qualitative researcher: the value of reflexivity.
Qualitative Report, 12, 82-101.

WEIL Y., ZHENG, P., DENG, H., WANG, X, LI, X. & FU, H. 2020. Design features
for improving mobile health intervention user engagement: systematic review
and thematic analysis. Journal of medical Internet research, 22, e21687.
https://doi.org/10.2196/21687

WEISS, C. H. 1997. Theory-based evaluation: past, present, and future. New
directions for evaluation, 76, 41-55. https://doi.org/10.1002/ev.225

WEISS, R. S. 1995. Learning from strangers: The art and method of qualitative
interview studies, New York, Simon and Schuster.

WELLER, S. C., VICKERS, B., BERNARD, H. R., BLACKBURN, A. M., BORGATTI,
S., GRAVLEE, C. C. & JOHNSON, J. C. 2018. Open-ended interview
questions and saturation. PloS one, 13, e0198606.
https://doi.org/10.1371/journal.pone.0198606

WEN, C., GAO, W., CHEN, C., WAI, J., WEN, C., LU, P., LEE, J. & HSU, C. 2021.
The case for physical activity as an option in the smoking cessation
guidelines: Short and long term benefits beyond expectation from regular
exercise. Tobacco induced diseases, 19. https://doi.org/10.18332/tid/140898

WEST, R. 2005. Assessing smoking cessation performance in NHS stop smoking
services: The Russell standard (clinical). London: National Centre for
Smoking Cessation and Training.

WEST, R. & BROWN, J. 2013. Theory of addiction Robert West and Jamie Brown,
Chichester, West Sussex, U.K, John Wiley & Sons Inc.

WESTHORRP, G. 2014. Realist impact evaluation: an introduction [Online]. Available:
https://odi.org/en/publications/realist-impact-evaluation-an-introduction/
[Accessed May 28th 2023].

WESTHORP, G., PRINS, E., KUSTERS, C., HULTINK, M., GUIJT, I. &
BROUWERS, J. 2011. Realist Evaluation: an overview. Centre for
Development Innovation, Wageningen University & Research centre.

WESTMAAS, J. L., BONTEMPS-JONES, J. & BAUER, J. E. 2010. Social support in
smoking cessation: reconciling theory and evidence. Nicotine & tobacco
research, 12, 695-707. https://doi.org/10.1093/ntr/ntq077

WHITTAKER, R., BORLAND, R., BULLEN, C., LIN, R. B., MCROBBIE, H. &
RODGERS, A. 2010. Mobile phone-based interventions for smoking
cessation. Sao Paulo Medical Journal, 128, 106-107.
https://doi.org/10.1590/S1516-31802010000200014

WHITTAKER, R., MCROBBIE, H., BULLEN, C., RODGERS, A. & GU, Y. 2016.
Mobile phone-based interventions for smoking cessation. Cochrane database
of systematic reviews. https://doi.org/10.1002/14651858.CD006611.pub4

WHITTAKER, R., MCROBBIE, H., BULLEN, C., RODGERS, A., GU, Y. & DOBSON,
R. 2019. Mobile phone text messaging and app-based interventions for

280



smoking cessation. Cochrane Database of Systematic Reviews.
https://doi.org/10.1002/14651858.CD006611.pub5

WHO. 2003. WHO Framework Convention on Tobacco Control [Online]. Available:
https://fctc.who.int/publications/i/item/9241591013 [Accessed July 9th 2023].

WHO. 2009. Clinical guidelines for withdrawal management and treatment of drug
dependence in closed settings [Online]. Available:
https://apps.who.int/iris/handle/10665/207032 [Accessed August 8th 2023].

WHO 2011. mHealth: new horizons for health through mobile technologies. mHealth:
new horizons for health through mobile technologies.

WHO. 2012. Global strategy for health for all by the year 2000 [Online]. Available:
https://www.who.int/publications/i/item/924 1800038 [Accessed May 19th
2023].

WHO. 2015. Health in 2015: from MDGs, millennium development goals to SDGs,
sustainable development goals [Online]. Available:
https://www.who.int/data/gho/publications/mdgs-sdgs [Accessed Jan 8th
2024].

WHO. 2016. Action plan for the prevention and control of noncommunicable
diseases in the WHO European Region [Online]. World Health Organization.
Regional Office for Europe. Available:
https://www.who.int/europe/publications/i/item/\WHO-EURO-2016-2582-
42338-58618 [Accessed Feb 15th 2024].

WHO 2017a. mHealth: use of appropriate digital technologies for public health:
report by the Director-General. Geneva: World Health Organization.

WHO 2017b. Tobacco control for sustainable development. World Health
Organization, Regional Office for South-East Asia.

WHO. 2018. 2018 China Adult Tobacco Survey Report [Online]. Available:
https://cdn.who.int/media/docs/default-source/ncds/ncd-surveillance/data-
reporting/china/2018-china-adult-tobacco-survey-report _eng.pdf [Accessed
Jan 13rd 2024].

WHO 2019a. Recommendations on digital interventions for health system
strengthening. Geneva: World Health Organization.

WHO. 2019b. World No Tobacco Day Message [Online]. Available:
https://www.who.int/news/item/31-05-2019-world-no-tobacco-day-message
[Accessed July 5th 2023 ].

WHO. 2020a. Tobacco responsible for 20% of deaths from coronary heart disease
[Online]. Available: https://www.who.int/news/item/22-09-2020-tobacco-
responsible-for-20-of-deaths-from-coronary-heart-disease [Accessed July 4th
2023].

WHO. 2020b. Tobacco: Health benefits of smoking cessation [Online]. Available:
https://www.who.int/news-room/g-a-detail/tobacco-health-benefits-of-smoking-
cessation [Accessed July 5th 2021].

WHO. 2020c. Tobacco: Health benefits of smoking cessation [Online]. Available:
https://www.who.int/news-room/questions-and-answers/item/tobacco-health-
benefits-of-smoking-cessation [Accessed March 15th 2023].

WHO. 2021. Tobacco [Online]. Available: https://www.who.int/health-
topics/tobacco#tab=tab 1 [Accessed July 5th 2021].

WHO. 2023a. Tobacco [Online]. Available: https://www.who.int/news-room/fact-
sheets/detail/tobacco [Accessed May 5th 2023].

WHO. 2023b. Tobacco in China [Online]. Available:
https://www.who.int/china/health-topics/tobacco [Accessed Oct 15th 2023].

281



WHO. 2023c. WHO report on the global tobacco epidemic, 2023: protect people
from tobacco smoke [Online]. Available:
https://www.who.int/publications/i/item/9789240077 164 [Accessed August 5th
2023].

WHO, REGIONAL OFFICE FOR, E., EUROPEAN OBSERVATORY ON HEALTH,
S., POLICIES, THOMSON, S., FIGUERAS, J., EVETOVITS, T., JOWETT, M.,
MLADOVSKY, P., MARESSO, A., CYLUS, J., KARANIKOLOS, M. & KLUGE,
H. 2014. Economic crisis, health systems and health in Europe: impact and
implications for policy, Copenhagen, World Health Organization. Regional
Office for Europe.

WIGHT, D., WIMBUSH, E., JEPSON, R. & DOI, L. 2016. Six steps in quality
intervention development (6SQuID). J Epidemiol Community Health, 70, 520-
525. https://doi.org/10.1136/jech-2015-205952

WILLIAMS, G. C., NIEMIEC, C. P., PATRICK, H., RYAN, R. M. & DECI, E. L. 2009.
The importance of supporting autonomy and perceived competence in
facilitating long-term tobacco abstinence. Annals of Behavioral Medicine, 37,
315-324. https://doi.org/10.1007/s12160-009-9090-y

WILLIAMS, G. C., PATRICK, H., NIEMIEC, C. P., RYAN, R. M., DECI, E. L. &
LAVIGNE, H. M. 2011. The smoker's health project: a self-determination
theory intervention to facilitate maintenance of tobacco abstinence.
Contemporary clinical trials, 32, 535-543.
https://doi.org/10.1016/j.cct.2011.03.002

WINCH, P. 1990. The idea of a social science, and its relation to philosophy / by
Peter Winch, London, Routledge.

WONG, G., WESTHORP, G., GREENHALGH, J., MANZANO, A., JAGOSH, J. &
GREENHALGH, T. 2017. Quality and reporting standards, resources, training
materials and information for realist evaluation: the RAMESES Il project.
Health services and delivery research, 5, 1-108.
https://doi.org/10.3310/hsdr05280

WONG, G., WESTHORP, G., MANZANO, A., GREENHALGH, J., JAGOSH, J. &
GREENHALGH, T. 2016. RAMESES |l reporting standards for realist
evaluations. BMC medicine, 14, 96-96. https://doi.org/10.1186/s12916-016-
0643-1

WRIGHT, A., ASH, J. S., AARON, S, Al, A., HICKMAN, T.-T. T., WIESEN, J. F.,
GALANTER, W., MCCOY, A. B., SCHREIBER, R., LONGHURST, C. A. &
SITTIG, D. F. 2018. Best practices for preventing malfunctions in rule-based
clinical decision support alerts and reminders: Results of a Delphi study.
International journal of medical informatics (Shannon, Ireland), 118, 78-85.
https://doi.org/10.1016/j.ijmedinf.2018.08.001

WRIGHT, T. 2004. Security, privacy, and anonymity. XRDS: Crossroads, The ACM
Magazine for Students, 11, 5-5.

WU, C. & ZHU, Z. 2003. Zhong yi ji chu li lun / zhu bian Wu Changguo ; zhu yi Zhu
Zhongbao = Basic theory of traditional Chinese medicine / compiler-in-chief
Wu Changguo ; translator-in-chief Zhu Zhongbao, Shanghai, Shanghai Zhong
yi yao da xue chu ban she.

WU, D., JIAO, G., HU, H., ZHANG, L., HUANG, L. & JIANG, S. 2022. Cigarette
sharing and gifting in China: Patterns, associated factors, and behavioral
outcomes. Tobacco induced diseases, 20, 08-12.
https://doi.org/10.18332/T1D/144054

282



WU, J. 2014. How WeChat, the most popular social network in China, cultivates
wellbeing.

WU, J., TOMBOR, I|., SHAHAB, L. & WEST, R. 2017. Usability testing of a smoking
cessation smartphone application (‘SmokeFree Baby’): A think-aloud study
with pregnant smokers. Digital Health, 3, 2055207617704273.
https://doi.org/10.1177/205520761770427

WUNDERLICH, K. 2020. Running to quit?: exploring predictors of attendance in an
exercise and smoking cessation intervention. University of British Columbia.

XIA, W, LI, H. C. W., CAIl, W., SONG, P., ZHOU, X., LAM, K. W. K., HO, L. L. K,,
CHEUNG, A. T., LUO, Y. & ZENG, C. 2020. Effectiveness of a video-based
smoking cessation intervention focusing on maternal and child health in
promoting quitting among expectant fathers in China: A randomized controlled
trial. PLoS medicine, 17, e1003355.
https://doi.org/10.1371/journal.pmed.1003355

XIAO, S. & ASADULLAH, M. N. 2020. Social norms and gender differences in labor
force participation in China. Feminist Economics, 26, 114-148.
https://doi.org/10.1080/13545701.2020.1758337

XINYANG BUREAU OF STATISTICS. 2024. 2023 Statistical Bulletin on National
Economic and Social Development [Online]. Available:
http://tjj.xinyang.gov.cn/www/tjzl/tjigh/2024/0417/27479.html [Accessed].

XU, J., BRICKER, J., FU, X., SU, C., WANG, P., Ql, T. & CHENG, F. 2019. Design
and development of smoking cessation apps based on smokers’ and
providers’ perspectives in China: survey Study. JMIR mHealth and uHealth, 7,
€12200. https://doi.org/10.2196/12200

XU, L., NAN, J. & LAN, Y. 2020. The Nucleus Accumbens: A Common Target in the
Comorbidity of Depression and Addiction. Frontiers in neural circuits, 14, 37-
37. https://doi.org/10.3389/fncir.2020.00037

XU, X., CHEN, C., ABDULLAH, A. S., SHARMA, M., LIU, H. & ZHAO, Y. 2016.
Knowledge about and sources of smoking-related knowledge, and influencing
factors among male urban secondary school students in Chongging, China.
SpringerPlus, 5, 1879-1879. htips://doi.org/10.1186/s40064-016-3589-z

YAN, Y., JACQUES-TIURA, A. J., CHEN, X., XIE, N., CHEN, J., YANG, N., GONG,
J. & MACDONELL, K. K. 2014. Application of the protection motivation theory
in predicting cigarette smoking among adolescents in China. Addict Behav,
39, 181-8. https://doi.org/10.1016/j.addbeh.2013.09.027

YAN, Y., SUN, S., DENG, S., JIANG, J., DUAN, F., SONG, C., WANG, K., ZHANG,
N., TIAN, Q. & NIE, W. 2019. A systematic review of anxiety across smoking
stages in adolescents and young adults. Substance Use & Misuse, 54, 1408-
1415. https://doi.org/10.1080/10826084.2019.1581222

YANG, H., CHEN, B., GUO, A., SONG, J., CHENG, X. & JIN, C. 2022. Association
of Householder Smoking With Poverty and the Mediating Effect of NCDs in
Relatively Underdeveloped Regions in China. Frontiers in public health, 10,
858761-858761. https://doi.org/10.3389/fpubh.2022.858761

YANG, J., HAMMOND, D., DRIEZEN, P., FONG, G. T. & JIANG, Y. 2010a. Health
knowledge and perception of risks among Chinese smokers and non-
smokers: findings from the Wave 1 ITC China Survey. Tobacco control, 19,
i18-i23. https://doi.org/10.1136/tc.2009.029710

YANG, Y., WANG, J.-J., WANG, C.-X,, LI, Q. & YANG, G.-H. 2010b. Awareness of
Tobacco-Related Health Hazards among Adults in China. Biomedical and

283



environmental sciences, 23, 437-444. https://doi.org/10.1016/S0895-
3988(11)60004-4

YIN, R. K. 2009. Case study research: Design and methods, Los Angeles, sage.

YU, S., DUAN, Z., REDMON, P. B., ERIKSEN, M. P., KOPLAN, J. P. & HUANG, C.
2017. mHealth Intervention is Effective in Creating Smoke-Free Homes for
Newborns: A Randomized Controlled Trial Study in China. Scientific Reports,
7, 9276. https://doi.org/10.1038/s41598-017-08922-x

ZHANG, M., LIU, S., YANG, L., JIANG, Y., HUANG, Z., ZHAO, Z., DENG, Q., LI, Y.,
ZHOU, M., WANG, L., CHEN, Z. & WANG, L. 2019. Prevalence of Smoking
and Knowledge About the Hazards of Smoking Among 170 000 Chinese
Adults, 2013-2014. Nicotine & tobacco research, 21, 1644-1651.
https://doi.org/10.1093/ntr/ntz020

ZHANG, M., WOLTERS, M., O'CONNOR, S., WANG, Y. & DOI, L. 2023. Smokers’
user experience of smoking cessation apps: A systematic review.
International journal of medical informatics, 105069.
https://doi.org/10.1016/j.ijmedinf.2023.105069

ZHENG, P., QIAN, H., WANG, F., SUN, S., NEHL, E. J. & WONG, F. Y. 2013.
Awareness of tobacco advertising, perceived harms of smoking, and beliefs
about tobacco control among a sample of Shanghainese in China. Health
education research, 28, 879-887. https://doi.org/10.1093/her/cyt075

ZHU, N., LIN, S., DAI, L., YU, H., XU, N., HUANG, W. & YU, X. 2022. Abrupt versus
gradual smoking cessation with pre-cessation varenicline therapy for Chinese
treatment-seeking smokers: A retrospective, observational, cohort study.
Tobacco induced diseases, 20, 29-10. https://doi.org/10.18332/TID/145993

ZWAKMAN, M., JABBARIAN, L. J., VAN DELDEN, J. J. M., VAN DER HEIDE, A.,
KORFAGE, I. J., POLLOCK, K., RIETJENS, J. A. C., SEYMOUR, J. & KARS,
M. C. 2018. Advance care planning: A systematic review about experiences of
patients with a life-threatening or life-limiting iliness. Palliative Medicine, 32,
1305-1321. https://doi.org/10.1177/0269216318784474

ZWAR, N., RICHMOND, R., BORLAND, R., PETERS, M., LITT, J., BELL, J.,
CALDWELL, B. & FERRETTER, I. 2011. Supporting smoking cessation: a
guide for health professionals. Melbourne: The Royal Australian College of
General Practitioners.

284
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undergraduate (UG) and MSc student projects, it is the supervisor's responsibility to submit
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Supervisor (name and UUN): Larry Doi

Primary Investigator (name and UUN): Mengying Zhang, s1887791

List of all collaborators (with affiliated institutions in brackets):

Student's programme of study (if applicable): PhD of Nursing

Project Title: A realist evaluation of the use of smoking cessation apps in China
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0 CPASS O Clinical Psychology & Nursing Studies
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ISSUES ARISING FROM THE PROPOSAL - to be completed by Ethics Reviewer

Thank you for your application. The review process has generated the following queries regarding your application.
Please address the following items, and provide a note underneath each comment letting us know how you have
addressed them:

OR

Thank you for your application. We have completed the review process and can provide a favourable opinion.

Thank you for your application. The review process has generated the following queries regarding your application.
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» Online interviews were stated in the main application, yet audio/video consent form is evident, and this is not
explicitly stated in the main application form. The recruitment poster only states: “"one to one interview" and the
participant information sheet has "in a safe environment" So a bit unclear to participants if this will be at home, the
respiratory centre or online. This needs proper clarification please

The first round of interviews with health workers will be conducted in the respiratory department. This will be face-to-
face interviews. The second-round interviews with smokers will be conducted in person or online (based on
interviewees preferences). Only audio will be recorded using an encrypted recorder. If online interviews are conducted,
zoom or phone call will be used. An encrypted recorder will also be used to record the audio. | have clarified the mode
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The interviews with health workers will be conducted in person in the respiratory department. The second round of
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* How will this data be stored and managed (will this be downloaded to student's computer or Cloud; how
transcriptions and translations be managed to ensure data protection.

An encrypted recorder will be used to record interviews. Audio files of interviews along with interview transcripts and
any files containing information about them will be stored securely on the University’'s OneDrive. This is password
protected and only the lead researcher can access them. Once transcription finishes, audio files will be deleted
permanently. Transcriptions will be conducted by the lead researcher. The translation process will be conducted by
the lead researcher first, and then another PhD student, who has taken part in the data protection training, will do the
translation again. Before the other student translate, all identifiable information will be anonymised or removed

* Will recording consist of both video and audio components?

Only audio will be recorded. | have clarified in the information sheet

» The duration of the interview is also not stated in none of the documents, and this is important for participants to
have the required information-please specify as a guide

| have made this clear in the information sheets for both health workers and smokers. | have also included this
information in the poster that all interviews will be around 45-60 minutes, not exceeding 60 minutes

» Consent form — amend to 'l understand that my participation is voluntary and that “I can withdraw at anytime”
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Signature: Dr Elaine Haycock-Stuart and Dr Michelle King-Okoye
Position: Ethics Lead Nursing Studies

Date: 4" November, 2021

APPLICANT’S SIGNATURE FOLLOWING REVISIONS - to be completed by applicant

287



| confirm that | have addressed all of the queries generated during the ethical review process of my application. |
have outlined in the box above underneath each comment how each request was addressed and/or provided further
clarification.

Supervisor/Pl Signature: Larry Doi
Student signature: Mengying Zhang

Date: 10" November, 2021

CONCLUSION TO ETHICAL REVIEW - to be completed by Ethics Lead

The applicant's response to our request for further clarification or changes has now satisfied the requirements for
ethical practice and the application has therefore been given a favourable opinion.
Reviewed by:

Dr Elaine Haycock-Stuart and Dr Michelle King-Okoye

Signature:
Position: Ethics Lead Nursing Studies

Date: 15" November 2021
that a favourable opinion has been provided for this project (for example as an attachment to MSc dissertations).
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THE UNIVERSITY
- of EDINBURGH

PARTICIPANT INFORMATION SHEET

A realist evaluation of the use of smoking cessation apps in China

You are being invited to take part in research on the use of smoking cessation apps.
Mengying Zhang, a second year PhD student at the University of Edinburgh is leading this
research. Before you decide whether to take part it is important you understand why the
research is being conducted and what it will involve. Please take time to read the following

information carefully.

WHAT IS THE PURPOSE OF THE STUDY?

The main aim is to examine, in what way, and under what circumstances, does smoking
cessation apps help adult smokers quit smoking in China. The secondary aim is to explore
smokers’ perspectives, perceptions, and expectations on smoking cessation apps.

WHY HAVE | BEEN INVITED TO TAKE PART?

You are invited to participate in this study because you have conducted smoking cessation
related research before; or you have experience of helping smokers to stop smoking. You
do not need to have used smoking cessation apps before.

DO | HAVE TO TAKE PART?

No — it is entirely up to you. If you do decide to take part, you are still free to withdraw at
any time and without giving a reason. Deciding not to take part or withdrawing from the
study will not affect any of your employment or your rights.

Please note that your data will be anonymized for data analysis, and it will not be possible
to withdraw you data after this point. Please contact the research team at the earliest
opportunity if you wish to withdraw from the study.

WHAT WILL HAPPEN IF | DECIDE TO TAKE PART?

If you do decide to take part, please keep this Information Sheet. You will be asked to
complete an online Informed Consent Form to show that you understand your rights in
relation to the research, and that you are happy to participate.

You will be invited to an interview with the lead researcher who will ask your demographic
information, perspectives on smoking cessation policy context in China and the role
mHealth plays to address smoking in China. The interview will take place face-to-face in
the respiratory department where you work at a time that is convenient to you. Ideally, we

A realist evaluation of smoking cessation apps in China, Version 1, 13/10/21
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would like to

B Jrms

audio record your responses (and will require your consent for this), so the location should
be in a quiet area. The interview should take around 45-60 minutes to complete.

WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART?

There are no direct benefits, but by sharing your experiences with us, you can get a sense
of achievement for contributing to the development of mHhealth; Your suggestion for the
development of smoking cessation apps may be considered in future smoking cessation
apps design process.

ARE THERE ANY RISKS OR DISADVANTAGES ASSOCIATED WITH TAKING PART?

There are no significant risks associated with participation. Taking part will involve 45-60
minutes of your time but the research team will arrange the interview at a time that is most
suitable for you.

WILL MY TAKING PART BE KEPT CONFIDENTIAL?

All the information we collect during the research will be kept confidential and there are
strict laws which safeguard your privacy at every stage.

HOW WILL WE USE INFORMATION ABOUT YOU?

We will need to use the interview data from you for this research project.

People who do not need to know who you are will not be able to see your name or contact
details. Your data will have a code number instead.

We will keep all information about you safe and secure.

If you consent to being audio recorded, all recordings will be destroyed once they have
been transcribed. Your data will only be viewed by the research team. All electronic data
will be stored in the lead researcher’s Onedrive, which is safe and only can be accessed
by the lead researcher. Your consent information will be kept separately from your

responses to minimise risk.
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Once we have finished the study, we will not keep the data. We will write our reports in a
way that no-one can work out that you took part in the study.

What are your choices about how your information is used?

* You can stop being part of the study at any time, without giving a reason, but we will
keep information about you that we already have.

» We need to manage your records in specific ways for the research to be reliable. This
means that we won't be able to change the data we hold about you.

Where can you find out more about how your information is used?

You can find out more about how we use your information at https://www.ed.ac.uk/records-
management/privacy-notice-research

e by asking one of the research team

e by sending an email to s1887791@ed.ac.uk, or

* by contacting the University of Edinburgh Data Protection Officer at dpo@ed.ac.uk
The University of Edinburgh is the sponsor for this study based in China. We will be using
information from you to undertake this study and will act as the data controller for this study.
This means that we are responsible for looking after your information and using it properly.
The University of Edinburgh will keep identifiable information about you for 1 years after
the study has finished and your anonymised data for a minimum of 3 years. Your

anonymised data may be used in future ethically approved research.

WHAT WILL HAPPEN WITH THE RESULTS OF THIS STUDY?

presentations. You will not be identifiable from any published results. Quotes or key
findings will always be made anonymous in any formal outputs unless we have your prior
and explicit written permission to attribute them to you by name. A summary of the findings
from the study will be made available to participants who indicate they would like to receive
this. This summary will be sent to participants by email.
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WHO IS ORGANISING AND FUNDING THE RESEARCH?

This study has been organised by Mengying Zhang, a PhD candidate in nursing and
sponsored by the University of Edinburgh.
This research did not receive any funding.

WHO HAS REVIEWED THE STUDY?

The study proposal has been reviewed by School of Health in Social Science Research
Ethics Committee at the University of Edinburgh.

WHO CAN | CONTACT?

If you have any further questions about the study, please contact the lead researcher,
Mengying Zhang, s1887791@ed.ac.uk

If you wish to make a complaint about the study, please contact:

Research Governance Team
ethics.hiss@ed.ac.uk .
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PARTICIPANT CONSENT FORM

Project title: A realist evaluation of smoking cessation apps in China

Researcher’s name and contact details:
Mengying Zhang

s1887791@ed.ac.uk
+86 18163511121

[+l

1. Iconfirm that I have read and understood the Participant Information
Sheet (Version 1, 13/10/21) for the above study

2. Thave been given the opportunity to consider the information
provided, ask questions and have had these questions answered to
my satisfaction

3. Tunderstand that my participation is voluntary and that I can ask to
withdraw at any time.

4. Iunderstand that my anonymised data will be stored for a minimum
of 3 years and may be used in future published papers, reports, and
ethically approved research.

5. Tunderstand that relevant data collected during the study may be
looked at by individuals from the Sponsor (University of
Edinburgh), where it is relevant to my taking part in this research. I
give permission for these individuals to have access to my data.

6. Iagree to my interview being audio recorded

7. Iagree to take part in the above study

Name of person giving consent Date Signature

Name of person taking consent Date Signature
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A realist evaluation of smoking cessation apps in China

Introduction

Thank you for agreeing to take part in this research. We are interested in your opinions
about smoking cessation policy context in China and how mHealth can help people stop
smoking.

We expect the interview to last between 45 and 60 minutes, but we can stop to take a
break at any point, and you can finish the interview at any time without giving an
explanation.

[If participant has consented to be recorded, switch on the recorder]
May | double-check that you are happy for this interview to be recorded?
[Continue recording if participant has confirmed their consent.]

Question Logic

1 Would you mind telling me your age and your
profession? Question1-2 are Demographic
information
2 How long have you worked as a doctor/nurse?

3 What pros and cons of using Mhealth to help people
change their behaviours? Such as Keep or Mint or
any other app that can help people live healthier. And
could you explain why you think it is convenient/ Questions 3-5 are introductory
healthy... questions to get them talking.

Could you explain in what circumstances will you
recommend patients to stop smoking?

5 What kinds of smoking cessation methods you know
or exist in the hospital/clinic? Could you tell me some
difficulties when you use these methods to help
people stop smoking?

6 Could you tell me what kinds of needs patients have Question 6-7 are about users’
when they quit smoking? (Physically and needs

psychologically)

7 Do you think smoking cessation apps can meet their
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needs when stop smoking? And could you explain
what roles smoking cessation apps play?

In your opinion, What kinds of external stimulus,
(such as 1. supports from their families or friends, 2.
stay in a competing environment, 3. Money
incentives, 4. Health education...... ) can help them
stop smoking?

What kinds of psychological impacts can be caused
by those external stimuli? And could you explain
why?

If there is a smoking cessation app, would you
recommend it to your patients? If yes, could you
explain what aspects of smoking cessation apps are
likely to be useful to your patients (personalized,
attach to guidelines, interactive, safe...... ). If no,
could you give me some reasons?

If there is a smoking cessation app, what app
functions do you think would be important? And could
you explain why you think they are vital?

Could you tell me what are the reasons why patients
decide to stop smoking?

What factors will impede them keeping quitting
smoking during smoking cessation?

Could you explain, as a health worker, how can you
help them overcome the difficulties? What kinds of
techniques do you use when helping them quit
smoking?

What changes will happen to patients after they use
smoking cessation apps to stop smoking? (more
caring about their health, become more confident)

Do you think smoking cessation apps could help to
reduce the smoking rate in China? And why?

Question 8-9 are about
motivations to stop smoking

Question 10 is about usability
and user experience of
smoking cessation apps

Question 11 is about app
functions

Question 12-13 are about
facilitators and barriers of
smoking cessation among
Chinese smokers

Question 14 is about health
workers' opinions on mHealth
interventions to assist smoking
cessation

Question 15 is about outcomes
after using smoking cessation
apps

Question 16 is the end question
to explore health workers’
confidence on mHealth
interventions and their
expectations
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A realist evaluation of the use of smoking cessation apps in China

You are being invited to take part in research on the use of smoking cessation apps.
Mengying Zhang, a second-year PhD student at the University of Edinburgh, is leading this
research. Before you decide whether to take part it is important you understand why the
research is being conducted and what it will involve. Please take time to read the following
information carefully.

WHAT IS THE PURPOSE OF THE STUDY?

The main aim is to examine, in what way, and under what circumstances, does smoking
cessation apps help adult smokers quit smoking in China. The secondary aim is to
explore smokers’ perspectives, perceptions, and expectations on smoking cessation

apps.

WHY HAVE | BEEN INVITED TO TAKE PART?

You are invited to participate in this study because you are 1) over 18 years old, 2) smoker
or ex-smoker, 3) have used smoking cessation apps before

DO | HAVE TO TAKE PART?

No - it is entirely up to you. If you do decide to take part, you are still free to withdraw at
any time and without giving a reason. Deciding not to take part or withdrawing from the
study will not affect any of your rights or healthcare you receive.

Please note that your data will be anonymized for data analysis, and it will not be possible
to withdraw your data after this point. Please contact the research team at the earliest
opportunity if you wish to withdraw from the study.

WHAT WILL HAPPEN IF | DECIDE TO TAKE PART?

If you do decide to take part, please keep this Information Sheet. You will be asked to
complete an online Informed Consent Form to show that you understand your rights in
relation to the research, and that you are happy to participate.

You wil be invited to an interview with the lead researcher who will ask your demographic
information and your opinions regarding your expectations and perceptions on smoking
cessation apps. The interview can take place at a café near to you or at your home at a
time that is convenient to you. Ideally, we would like to audio record your responses (and

_] A realist evaluation of smoking cessation apps in China, Version 1, 13/10/21 [_
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will require your consent for this), so the location should be in a quiet area. The interview
should take around 45-60 minutes to complete. If it is impossible to conduct interviews in
person, online interviews (using zoom or phone call) can be arranged for you.

WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART?

There are no direct benefits, but by sharing your experiences with us, you can get a sense
of achievement for contributing to the development of mHhealth; Your suggestion for
the development of smoking cessation apps may be considered in priority during the
design process.

ARE THERE ANY RISKS OR DISADVANTAGES ASSOCIATED WITH TAKING PART?

There are no significant risks associated with participation. Taking part will
involve 45-60 minutes of your time but the research team will arrange the
interview at a time that is most suitable for you. Due to the pandemic is
uncertain, online interviews may be conducted.

WILL MY TAKING PART BE KEPT CONFIDENTIAL?

All the information we collect during the research will be kept confidential and there are
strict laws which safeguard your privacy at every stage.

HOW WILL WE USE INFORMATION ABOUT YOU?

We will need to use the interview data from you for this research project.

Collected data will include your name, expectations, and perceptions of
smoking cessation apps. People will use the data to do this research.

People who do not need to know who you are will not be able to see your name
or contact details. Your data will have a code number instead.

We will keep all information about you safe and secure.

If you consent to being audio recorded, all recordings will be destroyed once
they have been transcribed. Your data will only be viewed by the research team.
All electronic data will be stored on a secure password-protected device. Your
consent

A realist evaluation of smoking cessation apps in China, Version 1, 13/10/21
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information will be kept separately from your responses to minimise risk.

Once we have finished the study, we will keep some of the data so we can
check the results. We will write our reports in a way that no-one can work out
that you took part in the study.

What are your choices about how your information is used?

¢ You can stop being part of the study at any time, without giving a reason, but we will
keep information about you that we already have.

« We need to manage your records in specific ways for the research to be reliable.
This means that we won't be able to let you see or change the data we hold about
you.

Where can you find out more about how your information is used?

You can find out more about how we use your information at
https://www.ed.ac.uk/records-management/privacy-notice-research

e by asking one of the research team

e by sending an email to s1887791@ed.ac.uk, or

e by contacting the University of Edinburgh Data Protection Officer at
dpo@ed.ac.uk

The University of Edinburgh is the sponsor for this study based in China. We
will be using information from you to undertake this study and will act as the
data controller for this study. This means that we are responsible for looking
after your information and using it properly. The University of Edinburgh will
keep identifiable information about you for 1 year after the research finish and
your anonymised data for a minimum of 3 years. Your anonymised data may
be used in future ethically approved research

WHAT WILL HAPPEN WITH THE RESULTS OF THIS STUDY?

The results of this study may be summarised in published articles, reports, and
presentations. You will not be identifiable from any published results. Quotes or

A realist evaluation of smoking cessation apps in China, Version 1, 13/10/21
Page 3 of 4
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key findings will always be made anonymous in any formal outputs unless we
have your prior and explicit written permission to attribute them to you by name.

With your consent, your anonymised information may also be kept for future
research. A summary of the findings from the study will be made available to
participants who indicate they would like to receive this. This summary will be
sent to participants by email.

WHO IS ORGANISING AND FUNDING THE RESEARCH?

This study has been organised by Mengying Zhang, a PhD candidate in nursing and
sponsored by the University of Edinburgh.
This research did not receive any funding.

WHO HAS REVIEWED THE STUDY?

The study proposal has been reviewed by School of Health in Social Science Ethics
Committee at the University of Edinburgh.

WHO CAN | CONTACT?

If you have any further questions about the study, please contact the lead researcher,
Mengying Zhang, s1887791@ed.ac.uk

If you wish to make a complaint about the study, please contact:

Research Governance Team
cahss.res.ethics@ed.ac.uk

A realist evaluation of smoking cessation apps in China, Version 1, 13/10/21
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PARTICIPANT CONSENT FORM

Project title: A realist evaluation on smoking cessation apps in China

Researcher’s name and contact details:
Mengying Zhang

s1887791@ed.ac.uk
+86 18163511121

1. Iconfirm that I have read and understood the Participant Information
Sheet (Version 1, 13/10/21) for the above study

2. Thave been given the opportunity to consider the information
provided, ask questions and have had these questions answered to

my satisfaction

3. Tunderstand that my participation is voluntary and that I can ask to
withdraw at any time.

4. Tunderstand that my anonymised data will be stored for a minimum
of 3 years and may be used in future published papers, reports, or

ethically approved research.

5. Tunderstand that relevant data collected during the study may be
looked at by individuals from the Sponsor (University of

Edinburgh), where it is relevant to my taking part in this research. I
give permission for these individuals to have access to my data.

6. Iagree to my interview being audio recorded

7. Iagree to take part in the above study

Name of person giving consent Date Signature

Name of person taking consent Date Signature

A realist evaluation of smoking cessation apps in China, Version 1, 13/10/21
Page 1 of 1
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A realist evaluation of smoking cessation apps in China

Introduction

Thank you for agreeing to take part in this research. We are interested in your opinions about
how mHealth can help people stop smoking and your expectations on smoking cessation apps.

We expect the interview to last between 45 and 60 minutes, but we can stop to take a break at
any point, and you can finish the interview at any time without giving an explanation.

[If participant has consented to be recorded, switch on the recorder]
May I double-check that you are happy for this interview to be recorded?
[Continue recording if participant has confirmed their consent.]

No. Question Logic

1 Could you tell me your age and where you come from? | Q1-Q4 are introductory

2 Could you tell me when you started smoking and why | questions to get people
you started it? How many times have you tried to stop | talking
smoking? How many cigarettes did you smoke every day
before? In what circumstances you were likely to smoke?

3 Which smoking cessation app are you using? Could you
tell me how long you have used the smoking cessation
app?

4 Could you tell me about the overall impression on this
app?

6 Could you tell me what personal facilitators or barriers | Explore overall facilitators
exist during smoking cessation? Such as lack | and barriers in smoking
motivation, social support, having withdrawal | cessation, to explore the
symptoms etc. (ask participants to expand) potential effects of apps

7 Could you tell me how the smoking cessation app can | Explore overall effects of
help you overcome the barriers you mentioned? smoking cessation apps

8 Is it easy for you to stop smoking in China, especially | Link with Chinese tobacco
in your living environment, why? What supports do | culture to explore the
you need during smoking cessation? (Family, friends, | contexts of social support
peers...) features of apps

9 Does the smoking cessation app change the situation | Explore ~ the  potential
you faced? And how does it achieve that? mechanisms and outcomes

of social support features

10 Why did you start smoking at the beginning? Why did | Explore = motivations  for
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you give up this pleasures/convenience that smoking
brought to you and choose to stop smoking?

smoking cessation and the
potential effects of apps to

maintain these motivations

11

What the smoking cessation app can give to you to
replace the pleasure / intrinsic / extrinsic rewards you
get from smoking? (Prompts: benefits of smoking
cessation, risks of smoking etc.)

Mechanisms and Outcomes
in maintaining/boosting
motivations

12

Could you tell me about your thoughts on the risk of
smoking or benefits of stop smoking?

Explore smokers’ knowledge
level on smoking and

smoking cessation

13

How can the smoking cessation app help you to
change your attitudes toward smoking behaviour?

Explore the effects of
smoking cessation apps to
help smokers boost intrinsic
motivations to stop smoking

14

Do you think you can succeed in smoking cessation?
Why? Did your confidence on successfully stop
smoking change since you used the smoking cessation
app?

Explore apps’ effects on
boosting self-efficacy

15

Could you tell me your withdrawal symptoms,
including having cravings? And how did you deal with
these symptoms?

Explore the relapse triggers
and smokers’  personal
strategies

16

What support did the smoking cessation app provide
to overcome these withdrawal symptoms? (Prompts:
recording cravings, education...)

Explore the potential effects
of smoking cessation apps to
help smokers prevent relapse

17

Which aspects made you satisfied or dissatisfied with
this app? (Prompts: ease of use, personalisation,
aesthetics, advertisement etc.) Ask participants to
expand.

How these aspects influence your willingness to use
this app? And why?

Explore the usability and
user experience of smoking
cessation apps, and the
impacts on use engagement
level

18

What are your suggestions for the smoking cessation
app? And can you tell me why you want to add this
function/characteristic?

Explore further app
functions or characteristics




APPENDIX 8: Screenshots of health worker interviews code (Exported from NVivo)

Barriers to smoking cessation in China Challenges faced by Chinese smokers who attempt to
quit smoking in the context of China

Chinese smoking culture 6 22

lack of knowledge 4 7

lack of motivation 6 18

negative emotions 6 15
Perceived benefits of mHealth What benefits Chinese smokers can get from using 4 26
interventions smoking cessation apps, based on health workers’ views.

positive psychological hints 4 12

social support 4 14
Worries about smoking cessation Health workers' views on using mHealth interventions in 6 14

apps aiding smoking cessation and their opinions on which
aspects of these intervention could be improved to
guarantee effectiveness.

303



APPENDIX 9: Screenshots of smoker interview code (Exported from NVivo)

Disengagement with  Reasons why smokers disengage with social features
social functions

Education on Education on tips to prevent relapse 6 12
withdrawal symptoms
Motivations for The driving force that pushes smokers to change their 23 230
smoking cessation smoking behaviour and the strengthening of their
desire to do so
Extrinsic motivation 12 25
Intrinsic motivation 20 54
Transformation from 23 114
extrinsic motivation
to intrinsic
motivation
Perceived usefulness The extent to which smokers believe smoking 21 38

cessation apps are effective

Self-efficacy Individual’s belief in his own ability to achieve specific 22 45
goals and it reflects his confidence to take control over
his behaviours

Social isolation Smokers having minimal social connections with 17 35
others, leading to feelings of loneliness, which can

negatively affect smokers’ psychological or mental
health
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advertising and
membership fee

gamification
personalisation
record keeping

user privacy

Withdrawal symptoms Documentation of withdrawal symptoms to prevent

recording
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University of Edinburgh
College of Arts, Humanities and Social Sciences
Research Governance Office

55 George Square
Edinburgh
EH8 9JU

29" October 2021

Mengying Zhan
c/o Health in Social Science
University of Edinburgh

Dear Mengying

Study Title: A realist evaluation of the use of smoking cessation apps in China

Sponsor number: CAHSS2110/02

Under the requirements of the UK policy framework for health and social care research,
the University of Edinburgh agrees in principle to act as Sponsor for this project.
Sponsorship is subject to you obtaining institutional ethics for the project.

As Chief Investigator, you must ensure that the study does not commence until all
applicable approvals have been obtained. Following receipt of all relevant approvals,
you should ensure that any amendments to the project are notified to the Sponsor.

Yours sincerely

Charlotte Smith

Research Governance Manager
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Review article

Smokers’ user experience of smoking cessation apps: A systematic review

a,d, a,d

Mengying Zhang , Maria Wolters ”, Siobhan O’Connor ¢, Yajing Wang *, Lawrence Doi
2 School of Health in Social Science, The University of Edinburgh, UK

® School of Informatics, The University of Edinburgh, UK

© School of Health Sciences, The University of Manchester, UK

< Scottish Collaboration for Public Health Research & Policy, The University of Edinburgh, UK

ARTICLEINFO ABSTRACT

Keywords: Objectives: To explore how smokers view common functions and characteristics of smoking cessation apps.

Smoking cessation Design: Systematic review.

:H:;"h Search sources: CINAHL PLUS, MEDLINE, PsycINFO, EMBASE, IEEE Xplore, ACM Digital Library, and Google
oDie-app Scholar.

lsl:;kzvenence Review methods: Seven digital were hed sef ly using rel search terms. Search results

were uploaded to Covidence. Inclusion and exclusion criteria were identified with the expert team in advance.
Titles, abstracts, and full texts were screened by two reviewers independently. Any disagr d
in research meetings. Pertinent data were extracted and analysed li content
were presented in a narrative approach.

Results: 28 studies were included in this review. The overarching themes were app functionality and app char-
acteristics. Under app “functionality”, six subthemes emerged: 1) education; 2) tracking; 3) social support; 4)
compensation; 5) distraction, and 6) reminding. Under “app characteristics”, five subthemes emerged: 1)

P
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lysis. Findings
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lification, 2) p li

3) diverse content forms, 4) interactivity, and 5) privacy and security.

Conclusion: Understanding user needs and expectations is crucial for d

C ion app inter

loping a p theory for
needs identified in this review should be linked to broader theories of

smoking cessation and app-based intervention.

1. Introduction

Tobacco use is addictive, and it is a major risk factor for respiratory
diseases, heart conditions and over twenty types or subtypes of cancer
[54]. In addition, tobacco use causes more than eight million deaths
globally each year due to the mixture of chemicals that damage lung
tissue when inhaled [54].

With the growth of mHealth, in particular during the Covid-19
pandemic, mobile apps have been increasingly adopted as an aid to
smoking cessation [12,1]. Smoking cessation apps do not rely on
chemical agents that might interact with other medications or cause
physical side effects. Apps can be accessed anytime and anywhere, as
long as the user has their phone with them, and can potentially be
personalised based on smokers® preferences and needs [ 44,31 ]. Apps can
be used for short interactions with counsellors, if needed [34], provide
just-in-time support when smokers need it [ 29.40], or be integrated with
face-to-face counselling [3].

Several literature reviews have examined aspects of mobile smoking
cessation interventions [51,52,14,17,46,3].

Ghorai et al. [14] reviewed mHealth intervention designs for
smoking cessation. All 15 studies were randomised controlled trials
conducted in developed countries. Nine studies used self-reported
smoking cessation measures and six used biochemical validations such
as determination of salivary cotinine level. Most mHealth services in this
review only used short message systems (SMS) and multimedia-based
messaging to send reminders, and provided additional functionality
such as motivational messages, social contacts, and peer support. While
these are simpler interventions than smartphone apps, apps often cover
similar functionality. Ghorai et al. noted that none of those studies re-
ported on user acceptance tests.

A Cochrane review which included any smoking cessation in-
terventions aimed at mobile phone users [51,52] also found evidence of
potentially positive effects, although there was significant unexplained
heterogeneity. Again, the interventions were predominantly text

* Corresponding author at: School of Health in Social Science, The University of Edinburgh Old Medical School, Teviot Place, Edinburgh EH8 9AG, UK.

E-mail address: m.zhang-56@sms.ed.ac.uk (M. Zhang).
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messaging-based, and all included studies were conducted in high-in-
come countries with good tobacco control policies.

In a recent systematic review of the effectiveness of mHealth for
smoking cessation, Barroso-Hurtado et al. [3] identified 24 studies, only
6 of which were of high methodological quality. Nine apps were
designed to be used by smokers themselves, while fifteen supported face
to face interventions. Overall, apps were at least as successful as control
interventions, but outcomes varied.

One reason for this might be the varying quality of smoking cessation
apps. Thornton et al. [46] investigated the quality of 112 apps using two
criteria: adherence to the Australian smoking cessation treatment
guidelines [ 58] and overall quality as rated using the Mobile App Rating
Scale [43], which consists of 23 items in five categories: aesthetics,
engagement, functionality, information, and subjective quality. Among
the 112 apps, only six were high-quality and partly adhered to the
guidelines and these were more likely to help people stop smoking.

Haskins et al. [17] examined how many of the top commercially
available apps for smoking cessation were supported by the published
scientific literature and how many scientific apps were available to
smokers. They reported customers found it difficult to access smoking
cessation apps which were scientifically supported, and among the six
high-quality apps identified in the review, only three were accessible to
customers.

None of the existing reviews focus on the user experience of smoking
apps, even though the uptake of and adherence to app-based in-
terventions is substantially affected by the user experience. Existing
reviews focus on quantitative data, not on qualitative views and per-
spectives while qualitative views and perspectives are essential in
providing a rich and nuanced understanding of users’ motivations, ex-
periences, beliefs, opinions etc. in using smoking cessation apps. For
example, users may expect different features, which may not be
captured by quantitative data on usage patterns. Furthermore, qualita-
tive data provide valuable insights into how users perceive and engage
with apps and can inform the design and development of better software
interfaces and more useful functional features. Finally, qualitative data
highlights the social and cultural contexts in which smoking cessation
apps are used, such as commonly held views on smoking and its
addictiveness.

Following ISO 9241-210:2019, we define user experience as “a per-
son’s perceptions and responses resulting from the use and/or antici-
pated use of a product, system, or service™ [20]. The aim of this review is
to synthesise what is known about qualitative aspects of smokers” user
experience of smoking cessation apps, leading to the research question:
What are relevant perspectives, views, beliefs, attitudes, opinions, or experi-
ences that smokers have regarding smoking cessation apps? For the purpose
of this review, we focused on smokers’ experience of smoking cessation
apps themselves, not on their attitudes to and reasons for smoking and
smoking cessation. While underlying attitudes or motivations for
smoking are highly relevant for smoking cessation, this is beyond the
scope of this study, which focuses on mobile tools for quitting smoking.

Together with relevant behaviour change theories, findings can be
used for the development of programme theories of smoking cessation
apps and inform the design of new, evidence-based apps.

2. Methods
2.1. Search strategy

CINAHL PLUS, MEDLINE, PsycINFO, EMBASE, IEEE Xplore, and the
ACM digital library were searched for relevant studies using the search
terms summarised in Table 1. The search strategy was discussed and
agreed amongst the research team (MZ, LD, MW, SO). There was no
restriction of publication year or language. Study subjects were
restricted to humans in EMBASE and MEDLINE. Since content in IEEE
Xplore and the ACM Digital is highly likely to be mHealth or eHealth
related, queries were simplified to focus on smoking cessation apps. We

International Journal of Medical Informatics 175 (2023) 105069

Table 1
Search terms used within electronic databases.

Database Search terms

CINAHL PLUS 1. (MH “smoking cessation™) OR (“smoking cessation” OR “quit*
smoking™ OR “stop* smoking™ OR “cease* smoking™ OR
“tobacco use cessation™ OR “quit* tobacco use™ OR “stop*
tobacco use™ OR * k*” OR “ci ion” OR
“smoking reduction” OR “reduced tobacco consumption™).mp.
(MH “telehealth™) OR (“mobile health” or “m health” OR
mbhealth OR “mobile app* OR smartphone* OR smart phone*
OR mobile app* OR cell phone* OR handheld* OR “mobile
device*” OR ipad OR iphone OR android OR iOS OR
blackberry OR “telemedicine™).mp.
(perspect* OR belief* OR attitude* OR view* OR opinion* OR
experien* OR behavio* OR expect* OR knowledge).mp.
MEDLINE 1. (“smoking cessation™ OR “quit* smoking™~ OR “stop* smoking™
OR “cease* smoking™ OR “tobacco use cessation™ OR “quit*
tobacco use™ OR “stop* tobacco use™ OR “antismok*” OR
“cigarette reduction” OR “smoking reduction™ OR “reduced
tobacco consumption™).mp. OR exp smoking cessation OR exp
smoking reduction OR exp tobacco use cessation
(“mobile health” or “m health™ OR mhealth OR “mobile app*
OR smartphone* OR smart phone* OR mobile app* OR cell
phone* OR handheld* OR “mobile device*" OR ipad OR
iphone OR android OR iOS OR blackberry OR “telemedicine™).
mp. OR exp mobile applications OR exp telemedicine OR exp
smartphone OR exp software OR exp internet OR exp cell
phone OR exp computers, handheld
(perspect* OR belief* OR attitude* OR view* OR opinion* OR
experien* OR behavio* OR expect* OR knowledge).mp.
PsycINFO 1. (“smoking cessation™ OR “quit* smoking™~ OR “stop* smoking™
OR “cease* smoking” OR “tobacco use cessation™ OR “quit*
tobacco use” OR “stop* tobacco use™ OR “antismok*” OR
“cigarette reduction” OR “smoking reduction™ OR “reduced
tobacco consumption™).mp. OR exp smoking cessation OR exp
nicotine withdrawal
(“mobile health™ or “m health™ OR mhealth OR “mobile app*
OR smartphone* OR smart phone* OR mobile app* OR cell
phone* OR handheld* OR “mobile device*” OR ipad OR
iphone OR android OR iOS OR blackberry OR “telemedicine™).
mp. OR exp mobile applications OR exp telemedicine OR exp
h OR exp OR exp internet OR
exp mobile devices OR exp tablet computers OR exp mobile
phones
perspect* OR belief* OR attitude* OR view* OR opinion* OR
experien* OR behavio* OR expect* OR knowledge
EMBASE 1. (“smoking cessation™ OR “quit* smoking™ OR “stop* smoking™
OR “cease* smoking™ OR “tobacco use cessation™ OR “quit*
tobacco use” OR “stop* tobacco use™ OR “antismok*” OR
“cigarette reduction” OR “smoking reduction™ OR “reduced
tobacco consumption™).mp. OR exp smoking cessation OR exp
smoking reduction OR exp smoking cessation program
(“mobile health™ or “m health™ OR mhealth OR “mobile app*
OR smartphone* OR smart phone* OR mobile app* OR cell
phone* OR handheld* OR “mobile device*” OR ipad OR
iphone OR android OR iOS OR blackberry OR “telemedicine™).
mp. OR exp mobile application OR exp telemedicine OR exp
mobile phone OR exp telehealth OR exp tele nursing OR exp
mobile health application OR exp smartphone OR exp
software OR exp internet
3. perspect* OR belief* OR attitude* OR view* OR opinion* OR
experien* OR behavio* OR expect* OR knowledge

N

w

[

w

[

w

[

ACM digital 1. smok* OR vape* OR e-cigarettes
library 2. stop* OR quit* OR cessation OR behave*
IEEE Xplore (stop* OR quit* OR ion OR anti-vaping OR )AND

(smok* OR vape* OR “e-cigarettes”) AND (mHealth OR ehealth
OR smart OR *health* OR app)

excluded specific user experience or usability related terms since this is
rarely signposted in title, abstract, or keywords. The term “smokers’
views on smoking cessation apps™ was used in Google Scholar to identify
additional papers (n = 2).

2.2. Inclusion and exclusion criteria

Inclusion and exclusion criteria using the Population, Intervention,
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Table 2

Inclusion and Exclusion criteria.

PICO Inclusion criteria Exclusion criteria
domain
Population Adult smokers 18 years old and ~ Adolescent smokers aged below
above 18 years old
Intervention Any smoking cessation app Interventions were not mobile
apps, such as web-based
programmes, text-messaging
programmes, telephone
counseling, quitlines, mini-
programmes based on a social
network, or mobile phones are
used as an adjunct to other
interventions, such as face-to-
face programmes.
Comparison N/A N/A
Outcome Perspectives, beliefs, attitudes, Outcome was not smoking
views, opini K led; or relapse p i

3
experiences, behaviours or
expectations of using apps in
smoking cessation

paper did not provide any
qualitative results

Comparison, Outcome (PICO) framework [39] are provided in Table 2.
2.3. Study selection

Study selection was conducted individually by two reviewers (MZ
and YW). Covidence | 7| was used to screen titles, abstracts and full texts.
Two reviewers (MZ and YW) separately screened titles and abstracts and
resolved any conflicts through discussion. During the independent full-
text screening, both reviewers used Covidence to note reasons for
exclusion. Conflicts regarding eligibility or exclusion reasons were
resolved through discussion, with LD and MW providing advice. The
study selection process is summarised in Fig. 1. There were 12,272 pa-
pers identified through database searching, leaving 4243 papers after
removing duplicates. 54 papers were included in the full text review. 28
studies were excluded: 17/28 (61%) contains no qualitative compo-
nents; 3/28 (11%) had no full-text online; 8/28 (29%) did not refer to
smoking cessation apps. Hand search in Google Scholar resulted in two
additional papers. Enhancing transparency in reporting the synthesis of
qualitative research (ENTREQ) was followed to report this qualitative
systematic review [47].

International Journal of Medical Informatics 175 (2023) 105069
2.4. Data extraction and analysis

Data extraction was conducted by MZ using a custom Excel extrac-
tion form, which covered study characteristics and findings. The
extraction was independently checked by LD and MW for consistency.
The findings were summarised using keywords or short sentences taken
from the qualitative analysis and loosely grouped into categories: Users
wanted, for features that were desired, but not available, Users liked, for
features that users were positive about, and Users disliked, for features
that users were negative about. The findings were synthesised using
inductive content analysis to identify themes across studies. The framing
of the content analysis was developer-centric in that we focused on
patterns related to properties of apps. During the synthesis process, we
used this lens to repeatedly read through the included studies until no
new patterns emerged and saturation was reached [22]. The resulting
patterns were mapped onto main themes and subthemes. QSR NVivo
was utilised to facilitate coding. Once the themes had been identified,
quotes from the source papers were used to examine themes in more
detail.

3. Results
3.1. Study characteristics

There were 28 studies included in this review. All included studies
were conducted in high-income countries, with seven in the United
Kingdom, six in the USA, four in Denmark and Australia, three in Can-
ada, and one each in Finland, Spain, the Netherlands, and Romania.
Although we did not set any publication year limitations, all included
studies were conducted between 2014 and 2022.

Nearly all studies focused on a specific smoking cessation app in the
study, except for Gowarty et al. [15], who explored the overall attitudes
toward smoking cessation apps and preferences regarding app design,
and Bendotti et al. [5], who examined app reviews in app stores. Among
the included studies, 15/28 targeted general adult smokers, 5/28 tar-
geted smokers with mental health conditions, 3/28 targeted young
smokers; 2/28 targeted women smokers; 1/28 targeted at lower socio-
economic status (SES) smokers, and 1/28 targeted smokers who are
taking psychiatric medication. Since Bendotti et al. |5] explored app
reviews, no targeted participants were identified in this study. In terms
of apps, Crush the Crave were evaluated in three studies; QuitGuide and
QuittyLink were evaluated in two studies; and all other apps were only
evaluated in one study. The majority of the studies included in this

Records identified from™:
Databases (n = 12272)

Records removed before

screening:
Du

(n = 8029)

!

screened

Irrelevant after title
screening (n = 4189)

and abstract

Records
(n = 4243)
!

Records left for full-text
screening (n = 54)

Reports excluded (n= 28):

(n=17)
No app (n = 8)
No fuli-text (n = 3)

| Eligible studies (n = 26)

Hand search using Google
scholar (n= 2)

1

Studies included in review
(n = 28)

Fig. 1. PRISMA flowchart of the screening process.

3
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review focused on research-based apps or apps developed specifically

for research that employed evidence-based strategies validated through

rigorous research and testing conducted by authors or reputable

research institutions. However, there were three studies that investi-

gated apps sourced from app stores [5,11,56], one examined a com-

mercial app [33], and one study did not explore a specific app [15].
The details of included papers are shown in Table 3.

3.2. Qualitative findings

Qualitative analysis yielded two high level themes, app functions and
app characteristics (Table 4). The App Functions theme had six sub-
themes: 1) education (n = 14); 2) tracking (n = 21); 3) social support
(n = 19); 4) compensation (n = 12); 5) distraction (n = 13), and 6)
reminding (n = 14). Each theme is explored in more detail below. The
App Characteristics theme had five sub-themes: 1) simplification (n =
18); 2) personalisation (n = 17); 3) diverse output forms (n = 7); 4)
interactivity (n = 14); 5) privacy and security (n = 4). Relevant quotes to
support each theme are listed in Table 5a and Table 5b.

3.2.1. App functions

3.2.1.1. Education. Education meant providing information to smokers,
not only showing them what they could gain and lose through smoking
cessation [48] but also teaching them to cope with negative emotions
such as anxiety as well as urges and cravings to smoke [56.38.18.24].

Participants wanted apps to provide more information [15.28,33]
going beyond what they already knew [33.11]. Users preferred to
receive positive information [24,40,31,10,44] from experts [42,31] or
other smokers in a similar situation [56]. Educational information
should be tailored to individual needs [33], with content updated
regularly to increase engagement with a smoking cessation app
[56,33,11].

3.2.1.2. Tracking Tracking was the most frequently mentioned app
function. It allows users to document when, where, or how many ciga-
rettes users smoked and provides feedback, usually through visual-
isations. Tracking can not only measure progress of quitting
[31,11,2,18,16,5], but also make users more self-aware of their smoking
patterns and psychological triggers to smoke [5,21.44,50,40,15,48,28].
Some apps even can show the location where users smoked using a map
[40,30]. The challenge of tracking is that users sometimes struggled to
report smoking in real time [30].

3.2.1.3. Social support. Having a social support function meant users
could get encouragement and support from and share their quitting
progress with their family, friends, other smokers, and physicians
through stories or competition [31,4,35,48,42.5]. In astudy with people
with mental conditions, through the social support function, the app had
the potential to decrease stigma, sense of loneliness [21]. Smith et al.
[42] reported that participants preferred to use the app’s sharing func-
tion to interact with other people who were trying to quit smoking and
valued the anonymity of the social function on the app, rather than
sharing information openly on social media such as Facebook. Bendotti
etal. [5] found that users’ sense of achievement and motivation could be
boosted through sharing their progress with friends. Although social
support functions were appreciated by most smokers, some users
thought it unnecessary or were unwilling to share their smoking cessa-
tion attempts or progress on social platforms [56.16,11,45].

3.2.1.4. Compensation. Compensation functions in the smoking cessa-
tion apps focused on calculating money saved, cigarettes saved, absti-
nence (smoke-free) days, physical health rewards, or providing
psychological rewards, including gamification, which seemed to help
improve confidence and motivate some people to quit smoking

International Journal of Medical Informatics 175 (2023) 105069

[49,33,2,10,4,45,44,24,18,15,16]. For example, virtual rewards, such
as imagery or recordings of walking in fresh air and listening to birds
singing, was appreciated by some users [2.24], while other participants
wanted psychological rewards such as digital badges to increase the
quitting motivation [15].

3.2.1.5. Distraction. Many smoking cessation apps helped users to
occupy their minds with other things, such as games, videos, music, or
social media [33,42,45,18,35,50,10,48,5] or suggested users perform
physical exercise [24] or have something to eat or drink [4] to distract
them from smoking or craving events. For instance, in Struik et al. [45],
young smokers preferred games to YouTube videos, as games kept their
hands busy to distract them from smoking. Similarly, participants in Wu
et al. [56] wanted the app to add some distraction function such as
breathing exercises or games.

3.2.1.6. Reminding. Reminders were used to prompt people to use the
smoking cessation app, to inform them of their progress, or just to send
motivational messages [31,33,34,49,30,48,40,45,35,24,15,16,18,5].

Although some found reminders or notifications annoying, especially
at inconvenient times [31,49), most users found them useful motiva-
tional tools [31,34,49,45,48,18,16]. Notably, users seemed to prefer to
receive reminders from a real person, not a machine, as this was more
motivating to stop smoking [33,31,34]. A handful of studies reported
that too frequent reminders may have counterproductive effects and
could prompt people to smoke or lead to disengagement from the app
due to lack of personalisation [5,40,33,35,24,15].

3.2.2. App characteristics

3.2.2.1. Simplification. Simplification meant the smoking cessation
apps should be quick and easy to use [32.34,11,49.,56,13.48.24,
25,35,21,50,44,18,38,16,5,28]. If an app was not intuitive and easy to
follow, users needed further training or guidance on how to use it
[48,21,35]. Vilardaga et al. [50] found that people with serious mental
health conditions felt stressed if the app was not simple to use.

3.2.2.2. Personalisation. Several studies noted that the design of smok-
ing cessation apps should be tailored to the target population, as each
person/group such as young smokers or those with mental health con-
ditions may have specific smoking habits and quitting requirements.

For example, in Struik et al. [44], men did not want to share personal
things in apps, while women were more inclined to draw on social support
in the smoking cessation app. Participants d per lised remind
counselling messages and tips [32,34,49,30,56,10,48,21,25 355, tailored
quitting dates and plans [10], tailored educational information [45],
personalised rewards [11], or tailored tracking modes [4]. Bendotti et al.
[5] found that app users’ personal accountability could be reinforced
through the ability to personalise their quit plans.

3.2.2.3. Diverse content forms. Instead of using just text-based infor-
mation on smoking cessation, various forms of content such as images,
videos, audio were appreciated [30,2.56,48,13,18,38]. Some partici-
pants thought audio was more convenient since they could play the
audio when doing other activities and felt more engaged with the audio
narrations. In addition, users preferred to add background music to
audio files so they can be more relaxed [2].

3.2.2.4. Interactivity. Interactivity was highlighted in several studies. In
addition to functions such as such as social support and interactive
distractions, discussed above, quizzes were another potential interactive
component. Interactivity by users to avoid boredom and increase
engagement with the app [31,33,49,50,42,56,48,10,45,44,35,18,15,5].

3.2.2.5. Privacy and security. Privacy and security when using a
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Table 3
Details of included papers.
No  Author / Year / Country Research aim / Setting / Quality Methods Population Smoking Cessation appand sources  Research-based  Findings (qualitative)
apps
1 Aminetal [2]/ USA Aim: To gain users’ opinions to refine ~ Design: Qualitative descriptive  Adult female smokers  See me Smoke Free YES Users wanted the app: 1. Had
app content. design. who are interested in Iengthier audio files: bring attention
Setting: Not reported. Data collection: Focus group,  quitting (N = 15). Sources: Investigators used to positive and allow more time to
Questionnaire, User testing. qualitative methods guided by a evoke the described images; 2.
Data analysis: An inductive theoretical framework which Adding background music; 3.
approach to analysis. considers the interrelationships Reinforced women's confidence in
between multiple psychosocial quitting; 4. Highlighted the rewards
‘mediators of smoking cessation, of quitting; 5. Adding imagery files;
and evidence-based guidelines to 6. Clarify the relationship between
develop and refine the app. smoking cessation, good diet, and
improved physical activity:
Participants suggested we
emphasize how the physical benefits
of individual behaviour changes will
affect other behaviours; 7. More
clearly recognized the struggle
involved in quitting; 8. Celebrate the
accomplishment.
Users liked the app: 1. “money-
saved” counter would motivate
them to continue a smoke-free
lifestyle; 2. Seeing their cigarette
cravings change from high to low on
the tracking graph can make
potential pleasure.
2 Baskerville etal. [4]/ Aim: To describe the process of Design: Five iterative cycles: Adult smokers (N = Crush the Crave YES Users wanted the app to cover: 1.
Canada developing Crush the Crave (CTC) listen, plan, do, act, and study  57), 31 males, 26 Positive reinforcement, such as
and to evaluate the effectiveness of  using a STAR model. females. Sources: The design of this app was encouragement and rewards; 2.
this app. Data collection: Focus group. underpinned by the US Clinical Personalisation; 3. Social support:
Setting: Not reported. Data analysis: Thematic Practice Guidelines for quitting social networking, networking with
framework. smoking and principles of other app users, quit buddies; 4.
persuasive technology for Quit support: distraction, immediate
behaviour change support, flexible quit approach; 5.
Tracking the behaviour: identifying
triggers and frequency; 6. Tracking
quit benefits: money saved and
health benefits.
3 Bendottietal. (5)/ Australia  Aim: To explore the opinions and Design: Mixed methods N/A Forty-cight versions of 42 apps met  NO (Apps in Users liked the app: 1. Enabling
experiences of Android and Apple approach by collecting (1) eligibility criteria. Google Play and  users to set goals, track progress and
mCessation app users via qualitative  qualitative data via a targeted Apple Store) smoking habits; 2. Containing

analysis of unsolicited consumer
reviews to (1) determine key design
factors and features which positively
and negatively influence user
experience; (2) identify user needs,

i and of

search strategy te tify user
reviews; (2) quantitative data
via MARS and user star ratings
to determine mean objective and
subjective ratings of app quality.
Data collection: A web-crawler

apps, including suggested
improvements; and (3) outline
recommendation for designing
effective mCessation apps.
Setting: Not reported.

source code to identify
mCessation apps and collect
their associated reviews from
the Google Play store (Android)
and the App Store (Apple)
Data analysis: Thematic
analysis

Sources: N/A

health information; 3. Sending
reminders of their progress; 4.
Enabling users to personalise their
plans; 5. Providing app communities
or message boards to enhance
support; 6. Can interact with other
social media apps.

Users wanted the app: 1.
Personalisation; 2. Functionality; 3.
Relationality; 4. Credibility

(continued on next page)
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Table 3 (continued)

No

Author / Year / Country

Research aim / Setting / Quality

Methods Population

‘Smoking Cessation app and sources

Rescarch-based
apps

Findings (qualitative)

4

5

6

7

ElHilly etal. [11]/ UK

Edwards etal. [10]/ UK

Fulton etal. [13)/ UK

Gowarty etal. [151/ USA

Gowarty etal. [16)/ USA

Table 3 (continued)

Aim: To investigate how the
gamification of mHealth
interventions leads to a change in
health behaviours, especially
smoking behaviour.

Setting: Not reported.

Aim: To present a series of steps
undertaken during the development
of Cigbreak, a gamified smoking

Aim: To translate behaviour change
technique concepts into digital
content within the app.

Setting: Not reported.

Aim: To explore attitudes toward
smoking cessation apps and
preferences regarding app design

in young adult smokers with serious
mental illness.

Setting: A community mental health
care.

Aim: To determine the user
experience, usability, and
acceptability of QuitGuide and
quitSTART—among young adult
tobacco users with severe mental
diseases.

Setting: A community mental health

Design: A qualitative
longitudinal study.

Data collection: Semi-
structured interviews.

Data analysis: 6-phase analytic
framework.

Adult smokers (N =
16), 11 males, 5
females.

Design: 7-stage design. Adult smokers (N =
Data collection: Focus group. 73), 34 males and 39
Data analysis: Thematic females.

analysis.

Adult smokers or ex-
smokers (N = 4), 4
‘males.

Design: Participatory design
focusing on person-centred
approaches.

Data collection: “Think aloud”

session.
Data analysis: Top-down
coding.

Adult smokers with
serious mental illness
(N = 22), 10 females.

Design: An exploratory
qualitative study

Data collection: Focus groups
Data analysis: Thematic
analysis

Design: Mixed method
approad

Data collection: Semi-
structured interviews.
Data analysis: Thematic
analytical techniques.

Adult smokers (N =
17), 7 females, 10
‘males.

Puff away /
Kwit 2

Sources N/A

Cigbreak

Sources: A group of clinicians,
researchers, and game developers,
in collaboration with end users
developed the app, which included
gamification and theoretically
validated Behaviour Change
Techniques.

StopApp

Sources: “Co-creation” of the app
based on evidence-based behaviour
change component

N/A

QuitGuide / quitSTART

Sources The National Cancer
Ingtitute provided the two apps
based on behavioural change
theories and clinical practice
guidelines

NO
(Downloaded
from App
Stores)

Users wanted the app to be: 1.
Easy to use; 2. Providing knowledge
which they did not know before; 3.
Personalised; 4. Adding an element
of fun to the game; 5. Adding a
social community which they could
interact with like-minded
individuals.
Users wanted the app to cover: 1.
Focused more on positive outcomes.
of quitting and emotions rather than
negative; 2. Smokers felt that
personalisation was an important
function, including ability to set
personal quit dates, plans, record
relapses, and receive tailored text
messages; 3. The idea of a
personalized diary to incorporate
these aspects was popular among
the smokers as were links to local
phamacies/quit services.
Users liked the app: 1. Provided
testimonials; 2. Can send reminders
to use the app; 3. Provided
appointment time and date choices;
4. Sent motivation messages without
excessive pressure.
Users disliked the app: 1. Not
presented in an appealing way, with
a relatively poor structure and too
much text; 2. Not intuitive, needing
guidance to navigate the app.
Users wanted the app to cover: 1.
Had a trustworthy logo, such as
NHS; 2. Added a booking function
sent an automatic appointment to
the user's outlook o other phone
calendar.
Users wanted the app: 1. Receiving
support from other people within
the app; 2. Feedback about progress
(such as cigarettes avoided, or
money saved); 3. Rewards such as
financial incentives or badges; 4.
Providing distraction to avoid
cigarettes; 5. To be informative; 6.
Tracking their smoking behaviours.
Users liked the app: 1. Easy to use;
2. Used a positive and supportive
tone 3. Provided motivational
quotes and feedback on money
saved; 4. Could track the smoking
behaviour; 5. The notification
function reminded them to use the
app-

(continued on next page)

No

Author / Year / Country

Research aim / Setting / Quality

Methods Population

Smoking Cessation app and sources

Research-based
apps

Findings (qualitative)

9

Herbst et al. [15]/ USA

centre.

Aim: To examine the acceptability,
user experience, and perceptions of
the app.

Setting: Not reported.

Smokers who were
military veterans with
posttraumatic stress
disorder (PTSD) (N =
17), 17 males.

Design: Qualitative evaluation
design.

Data collection: Semi-
structured interviews.

Data analysis: Thematic
analysis.

Stay Quit Coach

Sources The National Centre for
PTSD designed the app based on
behavioural and pharmacotherapy
treatment

Users disliked the app: 1.
Navigation difficulty during the first
visit; 2. A negative tone or repeated
reminders of a lack of progress
would evoke feelings of guilt and
failure, which could undermine
their quit attempts.

Users wanted the app to cover: 1.
Adding a tracking function that
enabled them to track cutting down,
which they felt was important to
frame their progress positively; 2.
Having more sections in the apps
where they could enter free-text
responses to prompts (such as their
moods or their triggers for smoking)
instead of choosing from a
prepopulated menu; 3.
Personalisation.

Users liked the app: 1. The
psychoeducational information on
PTSD; 2. The calculator function
was described by some as a helpful
and motivating way to visualize
their progress; 3. The reminders of
their personal reasons to quit, self-
scheduled motivational messages
delivered as push notifications and
tools for coping with stress and
negative emotions were helpful.
Users disliked the app: 1. Issues
with using the money-saved
calculator while reducing cigarette
use (eg, unable to use this function
unless one has already quit
smoking); 2. The timing of
reminders and notifications, eg.
inability to adequately customize
timing of the notifications; 3. Users
needed guidance to use the app; 4.
The app did not have enough
privacy.
Users wanted the app to cover: 1.
Increased level of engagement and
interactivity with the user; 2.
Personalisation; 3. Being able to
share progress with others through
texts or social media if desired; 4.
More ities for social
interaction and social support
within the app; 5. Incorporating
content such as news updates or
(continued on next page)
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Table 3 (continued)

No  Author / Year / Country

Research aim / Setting / Quality

Methods

Population

Smoking Cessation app and sources

Research-based
apps

Findings (qualitative)

10 Klein et al. [21])/ Australia

11 Luna-Perejon et al. [24]/
Spain

12 Maramis et al. [25]/ Finland

Table 3 (continued)

Aim: To explore the feasibility,
acceptability, and utility of Kick.it to
assist smokers with severe mental
diseases to prevent smoking relapse
and quit.

Setting: Not reported.

Aim: To evaluate the user experience,
and more specifically the usability
and the user satisfaction with the app.
Setting: University.

Aim: To present the development of
QuitlT! As well as its preliminary
evaluation.

Setting: Not reported.

Design: Co-design
methodology.

Data collection: Semi-
structured interviews.
Data analysis: Thematic
analysis.

Design: Cohort study.

Data collection: Questionnaire
and expert report.

Data analysis: Not reported.

Design: Qualitative evaluation
design.

Data collection: Interviews.
Data analysis: Not reported.

Adult smokers/ex-
smokers with mental
diseases (N = 12), 8
males, 4 females.

Experts (N = 25), 11
females and 14 males.
Adult smokers

(N = 45), gender was
not reported

Adult smokers (N =
15), 9 males and 6
females.

Kick.it

Sources: An analysis of literature
combined with stakeholder input
from health professionals and
smokers, using intervention
mapping development framework

So-Lo-mo

Sources: The app was designed in
the EU SmokeFreeBrain project

QuitT!

Sources: The design of this app
followed an iterative user-centered
design methodology and
incorporated social influence
techniques

current events news feed; 6. Ability
to store data within “the cloud; 7.
Incorporating games or other
functions for distraction; 8.
Increased ability to track ones use of
coping tools and cigarette use, as
well as other tobacco products to
monitor and detect patterns in
craving onset; 9. Adding graphs in
tracking function: 10. Reducing the
typing burden.

Users liked the app: 1. Provided
the in-time strategy messages; 2.
The tracking function which could
provide them with ongoing
feedback; 3. Had a chat room so that
they could connect likeminded
people; 4. The inclusion of terms
and conditions that outlined the
privacy settings and rules of use to
alleviate potential concems around
engaging with the social network.

Users disliked the app: Difficult to
navigate the app because of limited
knowledge and skills in technology.

Users wanted the app to cover: 1.
Tailored to an individual’s
psychological needs; 2. Normalised
smoking relapse and multiple
quitting attempts; 3. A caring app
which could offer companionship
and enable them to share their
concerns without feeling
stigmatized or judged; 4. To be
social network based.

Users disliked the app: 1. The
game menu was difficult to find; 2.
Games were boring, too simple, and
with no option to pause; 3. The
audio-visual functions needed to be
improved.

Users liked the app: It was easy to
use.

Uses wanted the app to cover: 1.
Adding a function for inviting
friends to QuitIT! via personal
‘messages in sodial media; 2. Can
customise the timing of the end-of-
day reporting alert.

(continued on next page)

No  Author / Year / Country

Research aim / Setting / Quality

Methods

Population

Smoking Cessation app and sources

Research-based
apps

Findings (qualitative)

13 Mejjer etal. [28)/
Netherlands

14 Naughton et al. [30)/ UK

15 Paay etal. [31)/ Denmark

16 Paay etal. [32)/ Denmark

Aim: To evaluate StopCoach and to
explore the experience of smokers
using StopCoach.

Setting: Blended care settings within
five municipalities in The
Netherlands.

Aim: 1. Assess smokers’ compliance
with reporting their smoking in real
time and identify reasons for
noncompliance; 2. Assess the app's
accuracy in identifying user-specific
high.risk locations for smoking; 3.
Explore the feasibility and user
perspective of geofence-triggered
support; 4. Identify any technological
issues or privacy concerns.

Setting: Not reported.

Aim: To explore how participants,
smokers and ex-smokers, interacted
with the different content types and
sources of Quitty.

Setting: University.

Aim: To discuss participants'
experience with the app and the role

Design: Mixed-methods design.
Data collection: Semi-
structured interviews.

Data analysis: Framework
Analysis.

Design: An explanatory
sequential, mixed-methods
design.

Data collection: Interviews.
Data analysis: Thematic
analysis.

Design: Qualitative exploratory

design.

Data collection: Semi-
structured interviews.

Data analysis: Opening coding
method from grounded Theory.

Design: Qualitative descriptive
design.

Lower socio-economic
status (SES) smokers
(n = 22); Sex ratio
was not reported.

Adult smokers (N =
15), 7 females, 8
males.

Adult smokers or ex-
smokers (N = 11), 8
males, 3 females.

Adult smokers or
recently quit but want

StopCoach

Q Sense

Sources: Researchers investigated
the barriers and facilitators of user
eengagement with the app through
‘mixed-methods designs and leam
about its support delivery system
under natural conditions

Quitty

Sources: Researchers were guided
by Fogg’s principles for persuading
people into bahaviour change using
technology and incorporated
findings from literature to design
the app

QuittyLink

Users liked the app: 1. Easy to
install and use; 2. The design and
layout was positive; 3. The
descriptive statistics; 4. Providing
virtual coach to give supports; 5.
Providing practical information and

tips.
Users liked the app: 1. Locations of
their smoking reports as recorded by
Q Sense as correct and accurate; 2.
The way the app used location
sensing (eg, GPS and Wi-Fi); 3.
Geofence messages were useful in
providing distractions or
altematives to smoking; 4. Morning
support messages were also
described as being a helpful
motivation boost.
Users wanted the app to cover: 1.
Had shorter messages, suggestions
of alternatives to smoking, and
messages tailored to the situation; 2.
Concerned about the privacy; 3. Had
the option to set a new quit date; 4.
Enabling user preferences for the
types of messages provided (e.g.,
health information and motivational
message); 5. Had cartoons o videos
as well as text support; 6. Had a
“human” element within the app, to
link in with a support network or a
stop-smoking advisor o service.
Users wanted the app: 1. Messages
were generated from a real person;
2. Messages did not arrive at the
same time each day; 3. Messages
should be funny and not repetitive;
4. Messages should have alink to the
app; 5. Users preferred gain-framed
messages; 6. Had genuine and
realistic content; 6. Tips should
suggest ways to get healthy again
and make original content; 7. Had
positive motivator since it helped
users to focus on possible
achievements; 8. Adding social
functionality in the app.
Users disliked the app: 1. Did not
provide enough content both in
terms of the amount released each
day; 2. Lacked depth in the
information to keep them interested
in using it on a daily basis.
Users liked the app: 1. Was easy to
use; 2. Users were interested in the
(continued on next page)
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Table 3 (continued)

No  Author / Year / Country

Research aim / Setting / Quality

Methods

Population

Smoking Cessation app and sources

Research-based
apps

Findings (qualitative)

17 Paay etal. [33]/ Denmark

18  Paay etal (34]/ Denmark

Table 3 (continued )

it played in their smoking cessation.
Setting: Not reported.

Aim: To gain smokers’ and ex-
smokers’ attitudes towards quitting,
and their ideas about how interactive
technology might be used to help
them quit.

Setting: Not reported.

Aim: To explore how smokers
responded to entering data about
their smoking habits and then receive
personal counselling advice.

Setting: Not reported.

Data collection: Semi-
structured interviews.
Data analysis: Not reported.

Design: An empirical
investigation.

Data collection: Focus group
and design workshops.

Data analysis: Thematic
analysis.

Design: Qualitative evaluation
design.

Data collection: Semi-
structured interviews.

Data analysis: Content analysis.

to stay quit (N = 13),
4 malesand9 females.

Adult smokers or ex-
smokers aged from 20
to 61 (N = 18),

11 males and 7
females.

Adult smokers aged
from 22 to 52 years
old; 4 males and 9
females (N = 13).

Sources: Researchers designed the
app based on previous studies on
health behaviour change and
smoking cessation, and the review
of existing apps

QuitNow-My Quitbuddy

Sources N/A

QuittyLink

Sources: Researchers designed the
app based on previous studies on
health behaviour change and
smoking cessation, and the review
of existing apps

NO (A
commerdal

tracking function; 3. Users found the
app helped them to reflect on their
smoking patterns and cigarette
consumption; 4. Had a visual
representation of their smoking
habit; 5. The counselling messages
were personalised and written
specifically for them and their
current situation; 6. The “resisted”
function was useful in. keeping their
motivation high.

Users wanted the app: 1.
Flexibility: to be flexible enough to
adapt to the user’s current needs; 2.
Reminders need to be sent out when
and where a smoker tends to crave
cigarettes to avoid making them
think about smoking; 3. Self-
‘monitoring could be used to help
people understand their own
smoking habits and create strategies
to cope with cravings; 4.
Visualizations of smoking
behaviours, calculated
compensations in the form of
financial or health gains, or stories
and tips tailored to a person’s
behaviours; 5. Novelty: Presenting
people with new and surprising
information attracts attention and
sparks interest; 6. Had meaningful
rewards: need to be something that
holds value and meaning for that
person; 7. Had social support; 8.
Competition: Participants felt that it
was highly motivational to be
involved in competition; 9. Showed
losses and gains.

Users liked the app: 1. Can learn
their smoking patterns (time and
place); 2. An informative picture to
show their smoking behaviours; 3.
Can track their smoking habits; 4.
Easy to use; not too time-consuming;
5.To send reminders to remind
them to use the app; 6. Have
convenient and pertinent
counselling; 7. The counselling
messages were personalised; 8.
Made them reflect more on their
habits, potentially inspiring future
behaviour change.
Users wanted the app: 1. They can
choose the timeframe of the graphs
(continued on next page)

No  Author / Year / Country

Research aim / Setting / Quality

Methods

Population

Smoking Cessation app and sources

Findings (qualitative)

19 Peiris etal. [351/ Australia
Australian and New Zealand
Clinical Trials Registry
ACTRN12616001550493

20  Rusuetal. [38)/ Romania

21 Smith etal. [42)/ Australia

22 Suuiketal. [45)/ Canada

Aim: To assess the feasibility and
acceptability and explore the
effectiveness of a novel mHealth app
to assist Aboriginal people to quit
smoking.

Setting: Community.

Aim: To explore the views of
postpartum women on the two
components of the Stay Quit Together
postpartum smoking relapse
prevention intervention - the iCoach
mobile application and the text
messages.

Setting: Obstetrics and gynaecology
clinic.

Aim: To examine what influenced
people to engage or disengage with
the app, and how the app was
deployed in quit attempts.

Setting: Not reported.

Aim: To contribute insights toward
understanding how young adults
interact with the smoking cessat
app and how this i ion sh:

Design: A pilot mandomised
controlled trial (RCT) plus
process evaluation.

Data collection: A
questionnaire and semi-
structured interviews.

Data analysis (interview only):
Thematic analysis using a

RCT: 49 smokers
(intervention group =
25, control group =
24), 38 females and
11 males, mean age =
42 years old

(CMO) configuration.

Design: Qualitative exploratory

Design: A qualitative
exploratory design.

Data collection: interviews.
Data analy: ematic
analysis.

Design: Qualitative case study.
Data collection: Semi-
structured interviews.

young adults’ smoking cessation
experience and practices.
Setting: Not reported.

Women who just gave
birth, have tried
quitting before or
during pregnancy (N
=12).

Adult smokers who
have an attempt to
quit (N = 23), 11
‘males and 12 females.

Young adult smokers
(N = 31), 13 females
and 18 males.

Can't even Quit

Sources: Researchers reviewed the
existing smoking cessation apps
first, then gathered user groups to
get their opinion.

iCoach

Sources: N/A

Newleaf

Sources: Researchers designed the
app based on a previous study and
the Reddit website

Crush the Crave

Sources: The design of this app was
underpinned by the US Clinical
Practice Guidelines for quitting
smoking and principles of
persuasive technology for
behaviour change

and can compare the smoking
behaviours with last weeks; 2.
Convenient and pertinent mobile
counselling: users preferred the
convenience of receiving
counselling on their mobile phone
rather than having to contact
someone.

Users liked the app: 1. Game apps
could provide a stronger motivation
for engaging in health apps; 2. Value
of a group atmosphere to support
smoking cessation was mentioned.
Users wanted the app: 1. Not too
difficult to use; 2. Had a balanced
‘message frequency; 3. Had
personalised messages; 4. To
incorporate games; 5. To be more
social, interactive, and inclusive of
user-generated content.

Users liked the app: The panic
advice and daily advice were useful.
Users disliked the app: 1. There
‘was too much text and suggested
‘more images; 3. The most useful
functions were panic advice and the
daily advice.

Users liked the app: 1. Had
authentic and contextualised
stories; 2. Stories had specific advice
that was contextualised.

Users wanted the app: 1. Valued
their anonymity; 2. Selecting stories
that fitted their stage of quitting and
which they could relate to and use
productively.

Users liked the app: 1. The
credibility component of CTC
played an important role in
harnessing the trust of young adults;
2. The tracking function were
helpful; 3. By providing tailored
information about the health
benefits of quitting smoking
countered some optimism bias in
relation to the predicted effects that
smoking had on them; 4. Visibility
of their efforts (awards) was helpful
in motivating users continuing
quitting smoking.

(continued on next page)
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Table 3 (continued)

No

Author / Year / Country

Research aim / Setting / Quality

Methods

Population

Smoking Cessation app and sources

Research-based
apps

Findings (qualitative)

zt

Struik etal. (44)/ Canada

Schick et al. [40])/ UK

Tudor-Sfetea et al. [48)/ UK

Table 3 (continued)

Aim: To detail how the overall design
approach of Crush the Crave (CTC). a
quit smoking app that targets end-
users, compares with young adult
women's and men’s perspectives and
experiences, with consideration for
the influence of gender.

Setting: Not reported.

Aim: To evaluate the app as a
potential smoking cessation aid and
explore user experience and
technological requirements and
security of the data flow.

Setting: NHS Fife GP practice.

Aim: To explore participants
perceptions of 2 mHealth apps, a
CBT-based app, Quit Genius, and a
non-CBT-based app, NHS Smokefree,
over a variety of themes; investigate
the perceptions and health behavior
of users of each app with respect to
smoking cessation.

Setting: not reported.

Design: Qualitative case study
design.

Data collection: Semi-
structured interviews.

Data analysis: Thematic
analysis.

Design: Pre- and post-quit two-
phase design.

Data collection: Two face-to-
face interviews, and one

Design: A qualitative short-term
longitudinal study.

Data collection: Semi-
structured interviews.

Data analysis: Thematic
analysis.

Young adult smokers
(N = 31),

13 females and 18
males.

Adult smokers who
are interested in
smoking cessation (N
= 8), gender was not
reported.

Adult smokers who
are intended to quit
(N = 29), 25 males
and 4 females.

Crush the Crave

Sources: The design of this app was
underpinned by the US Clinical
Practice Guidelines for quitting
smoking and principles of
persuasive technology for
behaviour change

MapMysmoke

Sources: N/A

Quit Genius/
NHS Smokefree

Sources: N/A

NO
(Downloaded

Stores)

Users disliked the app: 1. The
social support component was
regarded as the weakest function to
assist users to quit smoking; 2. The
Quit Buddy function was
unsuccessful; 3. A gradual quit plan
was unproductive since young
smokers wanted to quit abruptly.
Users liked the app: 1. Fit with
needs and preferences of their age
groups; 2. Integrating the app with
social media platforms enabled
easier access and opened
opportunities to reach young adults
with cessation support; 3. The
content was delivered in a fun and
positive way; them into an app for
users to support self-management of
health behaviour; 4. The underlying
focus in the design of the app was
the individually-led nature of the
intervention; 5. Easy to use.

Users disliked the app: 1. The app
was too dark; 2. Had so many
subpages which led to “hidden”
functions they were unaware of; 3.
Some app functions were based on
the quit date, which sometimes
leaded to inaccurate statistics.
Users liked the app: 1. Not difficult
to use; 2. Can monitor how much
they smoked and their
improvements through visual
feedback; 3. The app was not
difficult to use; the 'logging’; 4. Can
know the place and time of smoking:
5. The spatial representation of
smoking.

Users disliked the app:1. The
“logging’ function often diverted
attention and delayed smoking; 2.
Cannot see other users’ comments;
3. Do not have a chat room; 4. Too
much reminding to trigger a

craving.

Users liked the app: 1. To be
personalised; 2. Had the ‘sharing’,
‘saving’, and ‘tips’ functions; 3. Had
a positive and bright color scheme;
4. Easy to use and not too time-
consuming; 5. To be interactive; 6.
Had audio files; 7. Information was
delivered concisely, and beyond
what the users expected and knew;
8. Considered privacy; 9. The

(continued on next page)

No

Author / Year / Country

Research aim / Setting / Quality

Methods

Population

Smoking Cessation app and sources

Research-based
apps

Findings (qualitative)

€1

26

27

315

Vilardaga etal. [49] / USA

Vilardaga et al. 501/ USA

Aim: To evaluate user experience of
the app amongst people with serious
mental illness.

Setting: A community mental health
clinic.

Aim: 1. To report the results of a
series case studies testing the
usability, user experience (UX), and
user engagement (UE) of LTQ; 2. To
explore whether LTQ and QG differ in
terms of UX and in what way they

Design: Qualitative evaluation
design.

Data collection: Questionnaire,
Semistructured interviews,
‘Think aloud procedure, Daily

di

iary.
Data analysis: Affinity diagram,
a grounded field theory
approach.

Design: Case studies.

Data collection: System
usability scale, UX interviews
and background analytics.
Data analysis: Thematic
analysis.

Adult smokers who
take psychiatric
medication as
prescribed (N = 5), 5
males.

Adult smokers with
serious mental health
diseases, who have an
intention to quit (N =

7
4 females and 3 males.

Quitpal
Sources: The app design was based

on US Clinical Practice Guidelines
for smoking cessation

Learn to Quit/

QuitGuide

Sources: LTQ was designed based
on Acceptance and Commitment
Therapy.

“context behaviour therapy”
method contributed to their
intrinsic motivation to quit.

Users disliked the app: 1. The
“lapse’ function; 2. Lacking
interactivity caused boredom and a
decreased desire to use the app; 3.
Lacking human contact from a
physician.

Users liked the app: 1. Can help
them to explore their own smoking
journeys and was valuable in
understanding psychological
triggers and cues of why they
smoked and re-evaluate their
smoking behaviour; 2. Increase their
confidence and improve their
willpower.

Users wanted the app: 1. Had more
personalised functions, such as
customised motivation scales or
tailoring tips; 2. Audio clips should
be shorter and more concise, videos
should be available for text-heavy
topics; 3. Social interaction function
should be reinforced; 4. Gaming
aspects would be an aspiring
function; 5. Adding more
visualization, such as a graphical
representation monitoring health; 6.
Providing regular health news
updates such as smoking taxes and
bans.

Users disliked the app: 1. Needed
guidance to useit; 2. They needed to
wait a whole day to press the T was
smoke free today’; 3. Not intuitive;
4. They were easy to forget press the
‘save’ button when they smoked; 5.
The number of layers and steps to
accomplish tasks was excessive.
Users wanted the app: 1. Focused
‘more on the process of cutting
down, not quitting; 2. Had
nonmonetary rewards; 3. Used the
cognitive-behaviour-therapy skills;
4. Adding motivating functions,
such as gaming components.
Users liked the app: 1. Learn to
Quit was easy to use; 2.
Gamification in Learn to Quit can
engage users in it; 3. The tracking
chart in QuitGuide was useful and
desirable.

(continued on next page)
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Table 3 (continued)

No  Author / Year / Country Research aim / Setting / Quality

Methods Population

Smoking Cessation app and sources

Research-based
apps

Findings (qualitative)

were similar or different.
Setting: Mental health clinic.

28 Wuetal [56)/ UK Aim: To explore pregnant smokers’

views on the design, content ai

Design: Qualitative exploratory
design.
Data coll Interviews.

Pregnant smokers (N
=10), 10 females.

usability of a preg pecifi
smoking cessation app in order to
inform intervention development and
optimisation.

Setting: Stop-smoking clinics and
pregnancy-specific forums.

Data analysis: Thematic
analysis.

QG was designed based on US
Clinical Practice Guidelines for
smoking cessation

SmokeFree Baby

Sources: The app design was
informed by the Multiphase
Optimisation

Strategy, the UK Medical Research
Council guidance, the Behaviour
Change Wheel, the COM-B
model of behavior, the plans,
responses, impulses,motives,
evaluations (PRIME) theory of
motivation, evidence from the
scientific literature, and
behavioural change techniques
(BCTs)

from the BCT
Taxonomy v1.2

Users disliked the app: 1.
QuitGuide was not intuitive and was
difficult to access app functions; 2.
QuitGuide had a ‘serious” look and
feel.

Users wanted the app: 1. Adding a
self-initiating tracking function; 2. A
wider variety of automated
messages in response o self-
reported levels of mood or cravings
3. Stronger integration of the
tracking function with LTQ modules
to increase the personal relevance of
the self-tracking function and
increase retention and
comprehension of theory-based
content.

Users wanted the app: 1. The
colour, font type and visuals to be
appealing 2. Adding an option for
customisable colours; 3. Adding a
pedometer to facilitate physical
activities; 4. The content of various
app functions should be updated on
a daily basis; 5. The app content to
be personalised enough.

Users liked the app: 1. Easy to
navigate; 2. Interactive; 3. Various
‘ways to present contents (such as
quizzes and videos); 4. Presenting
tips in shorter segments rather than
long lists; 5. Provided educa- tional
information they did not know
previously; 6. Monitoring the
number of smoke-free days could
help them maintain their motivation
to remain abstinent.
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smoking cessation app was a concern in some studies [30,42,21,38].
Users were worried about the safety of their data [38], or valued ano-
nymity when using the app to quit smoking as this made them feel safe
[42]. Interestingly, in Naughton et al. [ 30], some participants were not
concerned about app privacy as the study was affiliated with a univer-
sity, rather than a commercial company.

4. Discussion
4.1. Principal findings

To our best knowledge, this is the first qualitative systematic review
to explore smokers” experience of using smoking cessation apps. The 28
studies revealed six key app functions: education, tracking, social sup-
port, compensation, distraction, and reminding; and five key app char-
acteristics: simplification, personalisation, diverse contents formats,
interactivity, and privacy and security. The most frequently mentioned
app functions were tracking (n = 21 studies) and social support (n = 19),
while the most frequently discussed app characteristics were simplifi-
cation and personalisation with 18 and 17 studies mentioned them,
respectively.

4.2. Comparison to existing literature

Regmi et al. [36] identified eight studies in which mobile apps hel-
ped increase the quitting rate among smokers. All studies adopted
behaviour change theories. Audio-visual functions followed by a quit
plan, tracking progress, and sharing functions were the most accepted
and utilised. Functions which increased app engagement were statisti-
cally significant in increasing the quitting rate and apps which used
social media appeared to reduce relapse to smoking. This suggests that
the functions and characteristics highlighted in this review might be
beneficial for smoking cessation.

Consistent with this review, Xu et al. [57] found that s rated

International Journal of Medical Informatics 175 (2023) 105069

applications compared to other forms of smoking cessation interventions
[6]. It remains to be seen whether the effectiveness of apps can be
improved by better design that is more responsive to the needs of users.

4.3. Implications for future work

The results of this review can be used to guide app developers to
design smoking cessation apps which can better meet smokers™ needs: In
terms of app functions, smoking cessation apps should (1) help users
track the time, location, and intensity of smoking cravings (2) enable
users to connect with others who are trying to quit smoking, share their
experiences, and provide mutual support, (3) provide up-to-date, evi-
dence-based health education on the benefits of smoking cessation, risks
of smoking, and tips for managing cravings, (4) provide various methods
to distract users from cravings, such as music, videos, mini-games etc.,
(5) provide gamification such as virtual rewards and visualisations to
motivate users, emphasising quitting days, money saved, health recov-
ery status etc. to boost their self-efficacy, (6) offer tools such as goal
setting and reminders to keep users motivated and engaged. These
functions could be co-designed with people of different ages, genders,
ethnicities, and other characteristics to ensure how smoking cessation
apps work are tailored appropriately for a wide variety of users. In terms
of app characteristics, (1) the software interface should be intuitive and
easy to navigate, (2) users should be able to adapt apps to their habits,
preferences, and goals, (3) apps should add interactive components to
increase engagement, (4) apps should use various media, such as video,
audio, infographics or images, to replace long texts, (5) apps should be
compliant with data privacy laws and have robust security measures to
protect users’ personal information.

Further research could link the findings of this study with the find-
ings of studies that examined smokers’ attitudes toward, and reasons for
smoking to develop a programme theory to explain how and why
smoking cessation apps are expected to work, which could provide

luable information for ev: ion of such progr

the following four app functions as very or extremely important: social
support, tracking, personalisation, and helping to cope with withdrawal
symptoms, which is reflected in the sub-themes of distraction and edu-
cation. Security and privacy were rated less important than other app
functions.

McClure et al. [27] found that five app aspects were important to
both health care providers and smokers: low cost, personalisation,
tracking, privacy, and helping to manage withdrawal symptoms and
medication side effects. Privacy was rated as the most important func-
tion among health care providers, while smokers thought person-
alisation was paramount. Gaming and social media connectivity were
regarded less important than other app functions. In this review, we
found that gaming and gamification underpinned the functions of
distraction and compensation. Privacy preserving social support is
important, which explains the reduced importance of social media
connectivity. There is a need to explore whether willingness to use social
support function is associated with specific populations and the possible
benefits and security concerns [8].

It is important to encourage users to use smoking cessation apps as a
tool to support smoking cessation, along with other smoking cessation
methods, rather than relying on it as a sole source of distraction or
support. While some components of smoking cessation apps, such as
games, might be addictive, there was no evidence of this in the studies in
the review. However, some studies found that excessive mobile gaming
can lead to negative consequences, including impaired social func-
tioning, disrupted sleep patterns, and poor academic performance [19]
and Lopez-Fernandez et al. [23] found a significant proportion of par-
ticipants reported feeling anxious or irritable when unable to access
their mobile phones, which highlights the potential for mobile gaming to
become a problematic behaviour and the need for further research to
explore how to avoid addiction when using mobile games within apps.

A recent meta-analysis examined the relative effectiveness of mobile

15

All included studies were conducted in high-income countries. Yet,
globally, over 80% of the smoking population live in low- and middle-
income countries, where the morbidity and mortality of smoking-
related diseases are highest [55,54]. There is a clear need for research
exploring smokers’ experiences of smoking cessation apps in these
contexts, where tobacco policy, accessible smoking cessation services,
Internet access, mobile phone ownership, and smoking culture may be
very different.

It is worth noting that app-based smoking cessation programmes are
primarily accessible for smokers who are comfortable with using
smartphones and can afford Intemet access required by many apps to
send or receive data. Policy makers and health providers working in
smoking cessation need to consider to what extent app-based ap-
proaches are suitable for people from low-income households, people
who live in areas with poor Internet connectivity, and those who are not
comfortable with using technology as their digital literacy knowledge
and skills are low [41,26]. In addition, apps need to be designed to be
accessible for people with dexterity or vision impairment. Accessibility
was not d in this sy ic review given that we focused on
reports of the user experience. Furthermore, those living in low- and
middle-income countries may have no or limited access to mobile
phones and the Internet which could prevent them from utilising
smoking cessation apps [53].

4.4. Limitations

This review has several limitations. Firstly, grey literature on this
topic was excluded. Since we did not conduct a separate quality
assessment, we ensured that studies had at least been vetted by peer
review. Papers were limited to those written in English. Secondly,
although every effort was made to follow the inclusion criteria, one
included study recruited smokers over 16 years of age, but the youngest



Table 4
Frequency of app function and app characteristics related themes in the data set.
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High-Level Theme 1: App Functions High-Level Theme 2: App Characteristics

No./Author (Year) Education  Tracking Social Support Diverse ivity  Privacy and Security

1. Amin etal. 2] v
2. Baskerville et al. [4] v
3.Bendotti et al. [5] v
4. El-Hilly etal. [11] v
5. Edwards et al. [10]

6. Fulton etal. [13]

7. Gowarty et al. [15]

8. Gowarty et al. [16)

9. Herbst etal. [15]

10. Klein etal. [21]

11. Luna-Perejon et al. (24]
12. Maramis et al. [25]

13. Meijer et al. 28]

14. Naughton et al. (30]
15. Paay etal. [31]

16. Paay et al. [32]

17. Paay et al. [33]

18. Paay et al. [34]

19, Peiris et al. [35)

20. Rusu et al. [38]

21. Smith et al. [42)

22. Struik et al. (45]

23. Struik et al. (44]

24. Schick et al. (40]

25. Tudor-Sfetea et al. [45]
26. Vilardaga et al. [49]
27. Vilardaga et al. [50]
28. Wu etal. [56] v
Total 14
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Table 5a
Illustrative quotes (examples) from included studies to support the App Func-
tions theme.

International Journal of Medical Informatics 175 (2023) 105069

Table 5b
Illustrative quotes (examples) from included studies to explain the theme App
Characteristics.

Subtheme 1: Education

“I... enjoy leaming something new. It’ s quite informative and makes you think about
what you're doing. [QG] helps you to understand a bit more about what' s going
on...what could go wrong by continuing (to smoke)”[48]
“Maybe it could give you an explanation of how your health is improving.”[ 10]

Subtheme 2: Tracking

“So, I think maybe on the app if you can track maybe with a different graph, what time
you normally get a craving or if you do get one just to maybe log it and so you can
see when they get stronger or when they get weaker.” [ 18]
“1 found out that I smoke the most at home and when passing time...I always
thought that if I smoked, it was because I was stressed. So my justification to smoke
is not really honest.”[34 ]
“Idon’t necessarily count the days, but then I can perhaps with a tracker go ‘Oh it's
been nine days and twelve hours! This is great! I feel better now, it felt like it was
only two days!".”[31]
1 thought I knew how much I was smoking but this [smoke button] gave me a
reality check....... it was neat to see how much I was actually smoking™[45]

Subtheme 3: Social support

“Don’t want to share progress on social media in case you fail."[48]
“So I think if you could, like, message someone on the app that's using it at the same
time...if you could communicate with someone else using it, like chat with them...”
[15]
“I canimagine this would help quite a lot: talking to ex- smokers about what helped
them quit and then all different sections [in the ‘Identity’ module]. This is really
good, because I think you need communication with other people who have gone
through the same situation as you to make you feel like you are not alone”[56 ]
“You'd have each other to lean on and to express what you're feeling”[ 35|
“It’s like relating your experiences to theirs and trying to find what you can do about
it” [42]
“Itis like a game, where you always gain new levels, and when you take a cigarette
you lose levels. Then it is like ‘Ah crap’... I want to win this competition against
others and for how long can I keep off the smokes compared to others?” [33]

Subtheme 4: Compensation

“It was nice to track ... the average of how much you would spend, and a big function
at the top is how much yousaved ... it's visual and lets you know, lets the user know
how much did I really save and am I making progress.” [ 18]
“My reward should be bigger than how delicious I think it is to smoke.”
“Cigarettes are rewarding to us, physically and psychologically, they're
rewardin, Give me the reward, man! ...I quit [smoking]!”[2]
“I couldn’t actually log how many cigarettes and stuff I had ...[so] it's not accurate.
But if it was accurate it [would be] cool to see like, you know, money saved, like, oh
hey, I'saved $100 smoking so far. Like you know, it's something to be proud of ’[ 44]
“After a week if would be good to tot up how much money you have saved.”[ 10]

Subtheme 5: Distraction

“It helped me cope with stress in the sense that it distracts me ... always something in
your hands with the app ... I mean it does help with stress.” [18]
“Maybe if they had prior to like some type of like a mini game or something in there
that would keep the mind occupied rather than telling you, “Don’t smoke.”[48]
“I am craving so idea of a craving button which could be pressed when needed and
links to a page with different management strategies e.g., play game, prompt to go
for walk, speak to friend.”[10]
“cause when you're having a craving, you just look at it [the app] and maybe it'll tell
you, like, uh, go for an hour run, or you know, tell you some sort of structure to keep
your mind off of you smoking. Something to keep you busy, keep your hands
busy...”[15]

Subtheme 6: Reminding

“I would definitely say the motivation that it would give you, because it’s like a set
time—twelve o’clock you set it, and it'll say, ‘Good job you didn’t smoke today." ...
And even if you did smoke, it'll give you like the drive to quit smoking—maybe
you'll feel bad in your mind if you did smoke and the message said that you didn’t.”
(18]
“I was getting texts all the time, reading all of them, trying to take in all the
information...They were good...motivating, especially when you' re having a hard
day and you get texts all the time, and it’s like, ‘Yeah, I can do it. 35]
“I liked how it gave notifications, like every day I've got a notification saying;
You're on day four of your smoking quitting history.”[48]
“It must not remind people of having a smoke. Enough is doing that already. If T had
an app that kept giving me messages, I would just think ‘I could really use a cigarette
right now'"[33]
“These were good reminders. So, If  did not check it that day so it was like ‘oh yeah
that's what I have to do’. Because you do forget especially if you are busy or you are
tired.”[31]

Subtheme 1: Simplification

“Easy and fast. It takes a quarter of a second to open and then you just press save and
‘bang’, you are done”[34]
“It was easy to get to, easy to use. Especially like being a mom...it was easy and
simple. It wasn't overly complicated—like to start, like the start-up was [easy to]
enter stuff...it wasn't overly long...[My son] only lets me use my phone for like two
seconds at a time” [44]

Subtheme 2: Personalisation

“It means a lot that it was written specifically to me, what I should do, and not what
others should do”[34]
“Being personalized is definitely important.”[ 10]

Subtheme 3: Diverse content formats

“There is too much text. There should be more images”|[38]

Subtheme 4: Interactivity

“It just needs to be made more interactive.”[48]
“It has to be interactive to work.”[ 10]
“Iquite like the quiz. It's very interactive, which is really good and it helps you learn
more about what you are actually doing to your body and to your baby's body
without actually doing it in a patronising way”[56]

Subtheme 5: Privacy and Security

“The safety of the program - the personal data, so nobody can access it"[ 38]

participant’s age cannot be found [35]. We decided to include this study
in our review because we believe that it contained rich and relevant
information that was valuable for answering the research question.
Regarding the interpretation and discussion of the findings, we took into
consideration the age distribution of the participants when conducting
our analysis and interpreting the results. Thirdly, we conducted a
qualitative content analysis of summarised findings and key quotes that
focused on the apps themselves, and not on the context in which they
were used. This would require a more in-depth thematic analysis of the
full results and discussion sections of all papers. Fourthly, because of the
heterogenous nature of included papers and the contested nature of
using a structured approach to assess the quality of qualitative and
mixed-method research papers [9,37], we did not assess the risk of bias.
Finally, due to the qualitative nature of this review, we did not assess for
publication bias.

5. Conclusion

In this systematic review of the qualitative evidence on the user
experience of smoking cessation apps, we determined six key app
functions and five key app characteristics that may play a role in the
success of mHealth for smoking cessation. In addition to informing the
design of new smoking cessation apps which better meet smokers’
needs, our findings can also be used as the basis for planning realist
evaluation research of specific apps and creating programme theories
that link behaviour change with technology use.
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APPENDIX 12: Search terms of the 2" systematic review

Search terms in MEDLINE, CINAHL PLUS, PsycINFO, EMBASE, CDSR

1. "text messag*" or "online program*" or "mobile app*" or "mobile phone*" or
"mobile phone™" or "mobile device*" or smartphone* or smart phone* or cell* phone
or mhealth or "m health" or "mobile health" or ipad* or tablet or tablet PC or tablet
computer or software or PDA or PDA phone or iphone* or ios or android

2. "smoking cessation" or "quit* smoking" or "stop* smoking" or "cease smoking" or
"tobacco use cessation" or "quit* tobacco use" or "stop* tobacco use" or
"antismok™" or "cigarette reduction" or "smoking reduction" or "reduced tobacco
consumption”

3. "randomi* controll* trial*" or RCT

Search terms in ACM Digital Library

1. smok* OR vape* OR e-cigarettes
2. stop* OR quit* OR cessation OR behave

Search terms in IEEE Xplore

1. stop* OR quit* OR cessation OR anti-vaping OR behavior*)
2. smok* OR vape* OR "e-cigarettes")
3. mHealth OR ehealth OR smart OR *health* OR app
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APPENDIX 13 Military ranks (Source: Smoking Cessation Army)
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