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Abstract—Smoking cessation programs are widely 

implemented to assist smokers in the process of quitting smoking. 

Cognitive Behavioral Therapy (CBT) is a psychological approach 

which is increasingly used in smoking cessation programs. On the 

other hand, the recent advancements in smartphone technologies 

have been widely explored to develop smoking cessation apps as a 

tool to assist with quitting smoking. However, most of the existing 

smartphone apps lack follow-up and adherence to clinical 

guidelines for treatment. Therefore, there is a need to implement 

behavioral change mechanisms in smoking cessation apps to help 

smokers quit effectively. The impacts of using integrated CBT 

mobile applications in Saudi Arabia, where the prevalence of 

smoking is very high and has been increasing in recent years, 

remain unexplored. Considering the urgent need for effective 

smoking cessation programs in the region, this paper analyzes the 

benefits of CBT and mobile technologies, and proposes a CBT 

integrated mobile application for achieving smoking cessation in 

Saudi Arabia. In this process, different studies concerned with 

CBT and m-health technologies are reviewed to develop an 

effective and updated model suitable for current situations. The 

requirements for designing and developing the mobile 

application are derived from a recent survey focusing on the 

needs of smokers in Saudi Arabia. Currently the proposed 

system is in the implementation stage and the results are expected 

very soon.  

Keywords— Cognitive Behavioral Therapy, m-health, 

smartphones for health, smoking cessation, mobile health, e-health.  

I.  Introduction  

Tobacco smoking is one of the leading causes of deaths across 
the globe. Usually when smokers inhale smoke by burning 
tobacco, they inhale carbon monoxide (CO) along with other 
gases. CO reacts with hemoglobin in red blood cells 230 times 
faster than oxygen-forming carboxyhemoglobin (COHb), 
which is released from red blood cells much more slowly than 
oxygen. As a result, oxygen availability reduces in the blood 
and the heart has to work harder to supply the required oxygen 
to the various parts of the body. Therefore the high level of 
carbon monoxide in the blood of smokers is one of the main 
factors causing smokers to have increased rates of 

cardiovascular diseases. Table 1 shows the COHb levels and 
their corresponding effects on health [1].  

Blood Saturation levels of COHb Health Effects 

<1% Normal range 

1% - 5% 
Reduction of oxygen 
supply in the blood; 

increase in heart rate 

5% - 15% 
Exercise tolerance 

reduced 

15% - 20% 
Headache; visual 

distortions 

TABLE I.   COHb effects on health 

According to the World Health Organization`s (WHO) 
estimates in 2014, tobacco smoking kills around 5 million 
people every year. It is also estimated that 80% of the world`s 
one billion smokers are in low- and middle-income countries 
[2]. Economically, it is estimated that direct healthcare costs 
due to smoking are at least $133 billion per year in the USA 
[3]. Apart from the deaths caused, smoking also decreases the 
quality of life of smokers by directly or indirectly causing 
damage to their health. Surveys have repeatedly shown that a 
large proportion of smokers are aware of the ill-effects of 
smoking and want to give up their smoking habits. Around 
70% of smokers want to quit smoking. The process of 
overcoming smoking addiction or “quitting smoking” is often 
referred to as smoking cessation and several programs have 
been designed using various technologies over the years. 
These smoking cessation programs help smokers to overcome 
their smoking addiction, in order to improve their health, and 
thereby increase their life expectancy, which would have been 
severely impacted had they continued to smoke [4]. There are 
different types of smoking cessation interventions. In [5], 
smoking cessation interventions are broadly classified into two 
categories: 

Pharmacotherapies – the intervention here is mainly 
through drugs which can be both nicotine and non-nicotine 
based. 

Behavioral therapies – the intervention here is mainly 
through non-medication methods such as partner support, self-



Smoke Mind System 63 

help books, professional advice, telephone counselling, and 
others.  

Behavioral therapy, also referred to as psychotherapy, is a 
branch of study that focuses on analyzing various behavioral 
aspects of an individual and modifying them in order to help 
the individual to lead a healthier lifestyle [6]. Behavioral 
therapy encompasses three main disciplines: applied behavior 
analysis, social learning theory, and Cognitive Behaviour 
Therapy (CBT). Of these, CBT is a widely popular discipline 
of psychotherapy [7]. 

CBT is an approach of psychotherapy in which the 
dysfunctional beliefs, thoughts and behaviors of individuals 
are modified by techniques such as psycho-education, mind 
training, behavioral reaction, etc. [8]. CBT has been widely 
used for the treatment and management of various diseases 
such as depression, anxiety, diabetes, smoking, and others [9, 
10, 11]. CBT has also been implemented for smoking 
cessation programs and has been successful in helping 
smokers to quit smoking. On the other hand, Mobile-Health 
(mHealth) is a technological domain which in the last decade 
has seen tremendous advancements in developing applications 
for various disease interventions. mHealth can be defined as 
the use of mobile computing devices, medical sensors, and 
wireless communication technologies for providing various 
healthcare services [12]. It has recently been extensively 
implemented in smoking cessation programs, especially in 
developing smartphone based “apps” for smoking cessation. 
Further, there has been a rapid increase in smartphone 
penetration in both developed and developing countries [13] 
which has also led to the increasing popularity of smoking 
cessation apps. 

There is a need to combine mHealth app technology and CBT 
modules in order to develop more effective smoking cessation 
programs. The integration of mHealth and CBT technologies 
can make smoking cessation programs more readily accessible 
to users, increase their motivation and awareness, and allow 
medical professionals to intervene more quickly. More 
importantly, it can provide CBT-based education to the users 
which can be a more effective approach than traditional 
approaches for smoking cessation.  

Although there are different studies focusing on the use of 
CBT with mobile technologies in different regions, mostly in 
developed countries, there have been no studies conducted in 
the region of Saudi Arabia, where the prevalence of smoking 
is very high and increasing rapidly. Recent studies about 
smoking levels in Saudi Arabia have shown a rapid increase 
and suggest that there is a need for in-depth research and 
RCTs for achieving smoking cessation in the region. In Saudi 
Arabia, more than 71 males and 21 females are killed by 
diseases caused by tobacco smoking every week, and more 
than 116,000 and 2,889,000 adults continue to smoke 
everyday [14]. Among adults, around 22.2% more men and 
2.2% more females than on average in developed countries are 
addicted to tobacco smoking. Among children, around 13% 
more boys and 5% more girls than on average in developed 
countries are addicted to tobacco smoking. It is alarming to 
identify that the prevalence of smoking in Saudi Arabia is 
increasing, although it is still slightly less than in other parts of 

the world. While the smoking prevalence among males is 
increasing, the smoking prevalence among women has 
remained the same [15, 16]. 

As for smoking cessation programs, there have been several 
attempts to adopt a generic nationwide program.  Over the past 
20 years, there have been over 30 antismoking clinics 
established across the country for providing pharmacological 
and behavioral treatments for smokers. The success rate for 
smoking cessation has been around 13% on average. The 
prevalence of current smoking ranges from 12-29.8% among 
school children, 2.4-37% among university students, 11.6-
52.3% among adults, and 25% among the elderly [17]. There 
have been few studies concerned with smoking in Saudi 
Arabia [18, 19, 20] and these mostly focus on smoking 
patterns and the ill effects of smoking. There have been no 
studies focusing on implementing advanced solutions like 
integrating CBT and mobile technologies for controlling the 
rapid increase in smoking in the region. In spite of increasing 
concerns over rising rates of chronic diseases and the 
increasing number of smokers, there are no m-health systems 
that help smokers to quit or create an awareness of the ill 
effects of smoking. Therefore, there is an urgent need to start 
effective smoking cessation activities through different 
technologies, especially through m-health technologies, given 
the increasing number of mobile phone users and the lower 
availability of healthcare services in remote areas of the 
country. 

Considering the advantages of integrating behavioral therapies 
and mobile technologies, this paper focuses on developing an 
effective and efficient smoking cessation system designed 
according to the needs and requirements of the smokers in 
Saudi Arabia. Accordingly, the rest of the paper is organized 
in the following sections. 

 An overview of m-health technologies, areas of application 

and benefits. 

 A systematic review and analysis of the studies focusing 

on using mobile technologies in achieving smoking 

cessation. 

 Investigating and reviewing the recent mobile applications 

and their features used for smoking cessation. 

 A detailed discussion about CBT and its benefits in 

smoking cessation programs. 

 The design specifications and feature analysis of the 

Smoke Mind system. 

II. M-Health overview 

M-health involves the use of mobile technologies in delivering 
and managing the healthcare services. M-health can be defined 
and understood in different ways based on the areas of 
application, services involved and technologies used. It is 
defined as “emerging mobile communications and network 
technologies for healthcare systems” [21]. It can also be 
understood as a method of integration of mobile computing, 
communication technologies and medical sensors in order to 
provide mobile healthcare applications [22]. The concept and 
applications of m-health are expected to prosper in the near 
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future as mobile phones become increasingly integrated into 
peoples’ lives, and almost all the relevant services can be 
delivered through mobile phones. A few authors have stated 
that m-health systems will have a significant impact on the 
delivery of healthcare and that such systems are yet to be 
exploited in daily practice [23, 24].  

M-health applications can be useful in all regions, including 
developed, developing and under-developed countries. 
Especially in developing and under-developed countries, 
where the access to the healthcare is limited and there are few 
healthcare resources including clinics, physicians, and 
medicines, m-health technology solutions can be very useful 
in managing and delivering healthcare services.  

M-health applications can provide different services 
depending on which services are required, or the number of 
service receivers etc. For example, the m-health application 
developed for the population of Croatia provides various 
services such as e-prescribing (137,000 prescriptions daily), e-
referrals (8,483 issued monthly), e-booking operations in all 
hospitals, e-waiting lists for all practitioners and specialists, 
and labs with national interconnectivity. The state has reported 
an increase in chronic diseases such as obesity, diabetes and 
an aging population. Therefore, in order to effectively manage 
all healthcare services, and to minimize costs, the health 
system is integrated at a national level through m-health 
technologies, where all the healthcare operators are integrated 
in to a single system [25].  M-health applications can also be 
small and unique with dedicated services. For example, 
Endomondo is an m-health mobile application that allows 
users to track things such as time, speed, calories burned and 
heart rate for a variety of activities, and also allows them to 
share the results on social networking platforms like Facebook. 
Such applications motivate the users to effectively engage in 
their healthcare management. Similarly, there are applications 
for tracking illness, diagnosis, and disease management. The 
iBGStar iPhone Glucose meter is such example; it is approved 
by the FDA, and used for monitoring blood glucose levels [26]. 
Therefore, m-health is a concept where mobile technologies 
are integrated with healthcare services in order to reduce 
operational costs and deliver healthcare services effectively. 

Even the simple services on mobiles like SMS, text messaging 
and voice calls can be very useful for managing healthcare 
services. They allow the delivery of healthcare services to 
remote locations where people have no access to health clinics. 
Additionally, with the growing number of smartphone users, 
there is a good scope for developing mobile phone 
applications intended for specific healthcare services. Using 
such applications, regular healthcare services can be managed 
remotely. In addition to mobiles and smartphones, other m-
health technologies may be required. These can include patient 
monitoring devices, for example glucose readers or carbon 
monoxide (CO) monitors; mobile telemedicine devices; audio 
devices for learning; data collection software; operating 
systems and mobile applications. The operating system (OS) 
forms a base on which all the applications work, therefore it is 
essential to use an effective OS in order to maintain 
confidentiality, integrity, and availability. Mobile devices such 
as Apple iPads or Samsung mobiles use operating systems on 
which different applications can function. However, it is 

essential to ensure that the OS is agile enough to be able to 
modify the applications according to the changing needs of the 
users and healthcare services, so that new technologies like 
Bluetooth, Wi-Fi, and sensor devices can be easily integrated.   

III. Related WOrk  

Mobile devices have managed to provide promising results 
with regard to helping people to quit smoking and to modify 
other health behavior. In a study focusing on the available 
apps for the iPhone that aim at smoking cessation, the authors 
asserted that most of the downloaded apps tracked users for 
only a limited time after their quitting. It was pointed out that 
these apps did not adhere to any proven strategies for smoking 
cessation, and that only a few apps referred the user for 
treatment. In addition, almost none of them supported the use 
of authorized medications or the combination of medication 
and counselling [27]. These apps did not provide links for 
users to any outside resources such as a clinical support, or 
provide social support. The exclusion of important multi-
component aspects like creating awareness, education, 
motivation etc., represented serious shortcomings in smoking 
cessation apps [27]. Hence it was concluded that these apps 
did not actually help smokers to quit, but rather they acted as 
supporting apps to hypnosis apps, which smokers believed to 
be helpful. Another study focusing on the use of m-health for 
smoking cessation through text messaging and obtaining 
feedback was successful in improving the system, as the 
system was modified according to feedback received, thus 
ensuring that the needs of the users were met. However, the 
study tracked only the crave pattern feedback of subscribers, 
and may have excluded other significant information that 
would be necessary to improve the system [28]. Based on the 
above, developing mobile apps that bypass the frames of the 
classic alerting of smokers, and instead link smokers to clinics 
and social support, should be a primary aim. 

For smoking cessation, CBT approaches have been widely 
implemented and tested. Several research publications have 
demonstrated that CBT procedures can significantly increase 
the success rate of smoking cessation programs [29, 30, 31]. 
CBT methods are also used in combination with 
pharmacotherapy methods, where intervention drugs are 
administered to the smokers to help them overcome their 
smoking addiction. For instance, in [32], the authors used a 
combination of CBT techniques with nicotine patches as a 
smoking cessation treatment. Other drugs such as 
Nortriptyline and Bupropion were tested along with CBT 
techniques in works such as [33, 34]. The outcomes of these 
studies have shown that CBT techniques can enhance the 
success rate of smoking cessation programs. 

An advantage of CBT is that it can be combined with different 
tools and technologies and hence made to deliver effective 
health intervention programs. Email and internet technologies 
have been used to deliver interventions for various disorders 
such as anxiety, obsessive compulsive disorder, panic 
disorders, etc. [35, 36]. In [37], the authors used the internet 
and mobile phones for smoking cessation. In their program, 
they delivered therapy based on CBT principles via web pages, 
text messages, and interactive voice responses. The outcomes 
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of their trial showed that CBT, delivered using the internet and 
mobile phone technologies, is an effective approach to 
smoking cessation. 

The reviewed intervention studies that used text messaging 
outlined different results, with wide disparities in the 
abstinence rates achieved. Text messaging combined with 
video messaging and emails [38, 39, 40] achieved high 
abstinence rates compared to the simple text messaging 
interventions [41, 42, 43]. These studies have been conducted 
in different regions, and it is evident that using the same 
techniques in different regions yielded different results. For 
example, a study in China achieved 66% reduction rates in 
smoking [44], while using the same techniques in another 
study [66] achieved only 40% reduction rates.  

These studies reflect the fact that the same techniques may not 
provide the same results in different regions. The techniques 
have to be modified with new interventions, therapies and 
technologies, and adjusted according to the lifestyles, culture 
and needs of the smokers in the different regions [45]. A 
summary of studies focusing on text messaging interventions 
is presented in Table 2. 

 

TABLE II.  Summary of studies focusing on text   

messaging interventions. 

Smartphone applications, popularly called apps, have become 
extremely popular in recent times and are used for a variety of 
functions and applications. Apps for smoking cessation are 
being extensively developed and deployed on various 
smartphone operating systems such as Android, iOS, and 
Windows. However, there has been very little research work 
available in the literature about smoking cessation apps. Three 
of the reviewed studies conducted RCTs on smoking cessation 
apps. For instance, in [46], the authors conducted dual RCTs 
between a smoking cessation app designed by the authors and 
an app recommended by the US Clinical Practice Guidelines. 

The results of the RCT study showed that the proposed app 
was successful in making 13% of the participants quit smoking. 
Despite the lack of RCTs on smoking cessation apps, there 
have been a few published works that have analyzed different 
aspects of these apps. For instance, in [39], content analysis of 
400 smoking cessation apps was presented. The outcomes 
showed that the apps have low adherence to clinical guidelines, 
despite their popularity, with most apps failing to recommend 
approved medications. A similar study conducted in South 
Korea showed that most apps have few adherences to 
guidelines and hence may not provide significant motivation 
for smoking cessation. However, the claim is not supported by 
a clinical trial [47]. Other studies include a content analysis of 
47 iPhone apps for smoking cessation which again 
demonstrated the low adherence of apps to guidelines [24]. 

IV. Smoking Cessation Mobile Applications  

Presently, there are different applications for smoking cessation, 
using different interventions and technologies, which can be 
easily downloaded and used by the public for relatively 
inexpensive prices. Some of the most popular smoking 
cessation apps are considered for review here, since to the best 
of our knowledge, no studies have performed a feature analysis 
of the popular apps. For the analysis, the popularity of the apps 
was based on medical review, the list of the best quit smoking 
apps of the year in 2015 [67], and also their ratings and the 
number of downloads from the App Stores.  

The app features analyzed are coded into three main categories. 
Fig. 1 illustrates the feature classification followed in our 
analysis. A description of the features analyzed and their 
classification is given below.  

 

Fig1. APP Feature Classification 

Interactive features: A desirable feature of an mHealth app is 
that it must be interactive so that the users are encouraged and 
would be interested in using the app more frequently, 
analyzing their information and receiving feedback [48]. 
Interactivity is one of the important aspects of the mobile 
application, as the overall experience of the user depends on it. 
A recent survey conducted by the Consumer Health 
Information Corporation (CHIC) found that 80% of the 
respondents desired better interactive mHealth apps [49]. 
Therefore, the interactive features of the smoking cessation 
apps were analyzed in our study. The following features were 
classified under the “Interaction” category. 

Study Description R

C

T 

Duration No. of 

partici

pants 

Outcomes 

 

Bramley 
et al. [41] 

Text 

messages in 
Maori 

language vs. 

non-Maori 

 

X 
 

26 weeks 
- 355 

Maori 
-1350 

non-

Maori 

-26% abstinence 

achieved - no 
significant 

difference 

between Maori 
& non-Maori 

 

Brendrey 
et al. [38] 

Text 

messages 
combined 

with emails 

and voice 
messages 

 

X 

 

54 weeks 

 

400 

 

22% abstinence 
achieved 

Ybarra et 

al. [42] 
MySmoking 

program in 
USA 

 

 
 

12 weeks 
 

164 
 

39% abstinence 
achieved 

Abroms 

et al. [39] 

Text 

messages 

with emails 

X 6 months  

503 

 

11% abstinence 

achieved 

 

Naughton 

et al. [43] 

For pregnant 

smokers 

 

X 

11 weeks 

+ 3 

month 
follow up 

 

207 

12.5% 

abstinence 

achieved 

Whittak-

er et al. 

[40] 

Text and 

video 

message 

 

X 

 

6 months 

 

226 

26.4% 

abstinence 

achieved 

 

Haug et 

al. [62] 

Acceptance 

for text 

interventions 

 

X 

 

3 months 

 

174 

No significant 

difference 

between control 
and intervention 

group 

Rodgers 

et al. [63] 

Intervention 

in New 
Zealand 

 

X 

 

6 months 

 

1705 

 

28% abstinence 
achieved 

 

Shi et al. 
[44] 

 

Adolescents 
in China 

 

X 

 

12 weeks 

 

179 

 

66% reduction 
in smoking 
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 Medication Alarm – The National Tobacco Cessation 

Collaborative (NTCC) suggests the “combination method” 

as the most effective approach for smoking cessation, 

where phone-based support is combined with medication 

to quit smoking [50].  

 Activity tracking – A desirable feature of an mHealth app 

is to track the activities of the users related to the 

intervention in order to measure their progress. Activity 

tracking is a feature known to be used in most m-Health 

applications such as weight loss, diabetes, smoking 

cessation etc. [24, 51, 52].  

 Personalized notes  – This is a feature that provides the 

user with personalized notes or messages at regular 

intervals in order to remind them about their program and 

to keep them motivated. 

 App Design Features – Various design specifications are 

considered in the different applications reviewed. The 

main requirements include the sensitivity of the apps, data 

visualizations, information dissemination and engagement 

with the users [53, 54, 55]. Considering the various 

contexts of feature analysis, the following features were 

investigated in the apps:   

 Program plan – The users must be aware of the program so 

that the expectations of the users from the applications will 

be in line with the design. 

 Data visualization – An effective way of representing the 

data not only helps the users to clearly understand the 

information, but it also helps to analyze the data from 

different perspectives. This helps to track progress and 

keep people motivated. 

 Smoking awareness – Information dissemination is 

important and hence it is also considered during the 

reviews. Note is made of whether the app possesses any 

smoking awareness features such as providing the user 

with information about benefits of quitting, the ill effects 

of smoking, etc. 

 Money saved – Monetary benefits can be a great 

motivational factor to many people and presenting the 

financial gains of giving up cigarettes can be an attractive 

feature in an app. 

Communication system: Another important aspect of an        
effective mHealth app is the communication system embedded 
in the design. The focus is on the approach to the 
communication process between the different stakeholders or 
users of the app. This encompasses aspects such as how the 
app communicates with the user, and the mode of 
communication between the user and other stakeholders such 
as family or healthcare providers. Notifications, social 
networking features, links to consultants, and modes of 
sharing information from apps are a few of the aspects 
considered in the communication systems while reviewing the 
applications.  

 With these features in mind, 10 mobile applications for 
smoking cessation were reviewed. The feature analysis of 
these smartphone applications can be seen in Table 3. It is 
observed that most of these applications are either available 
for free or at very low prices; using mobile applications is 
therefore a cost-effective method for smoking cessation 
intervention. Reviewing the interactive features of these 
applications, it can be seen that none of them provide a 
medication alarm, which is an important feature. Most of the 
applications (80%) provide an activity tracking feature, and 
70% of the applications provide personalized notes, which can 
be used by the app to send personalized messages or 
notifications according to the progress made by the users. 

 In reviewing the app design features, it was found that only 3 
apps (30%) provide the program plan feature, which updates 
the users about the program. Data visualization is an important 
feature of the mobile application, as it allows the users to view 
their data in different graphical presentations, and it helps 
them to keep track of their progress. 8 apps (80%) included 
this feature. On the other hand, 5 apps (50%) did not include a 
smoking awareness program to disseminate information about 
the effects of smoking. They also did not include an accessible 
overall description of the plan for smoking cessation provided 
by the app. The majority of the applications reviewed (80%) 
provided a ‘money saved’ feature, which uses financial gains 
as a motivational factor for quitting smoking.  

The review has indicated that 80% of the apps included a 
social networking feature as part of their communication 
features. Using this feature, the users can interact with other 
users, participate in discussions, and motivate each other. A 
vast majority of the apps reviewed (90%) had a notification 
feature to notify the users through alerts or messages, or to 
provide details of their progress via different mechanisms such 
as text messages, daily reminders or app notifications. 
However, it was observed that none of the apps reviewed 
provided a link to a consultant in the case of an emergency or 
as a part of a consultation.  

All of these apps have been reviewed by Healthline Networks 
[64] and are considered to be the best applications for quitting 
smoking in 2015. The prices of the applications shown in the 
table may vary as the price fluctuates depending on the 
demand, the number of users and the number of downloads. 
From the apps reviewed, it can be clearly observed that the 
medical community has no involvement in the design, 
development and implementation process. While some of the 
reviewed applications follow regulated clinical guidelines, 
others do not. Several important features, such as providing a 
link to consultants, a medication alarm, a program plan etc., 
are not included in most of the applications, and this makes 
these applications less effective.  
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TABLE III.  Feature analysis of Mobile applications for 

smoking Cessation 

COGNITIVE BEHAVIOURAL THERAPY (CBT) FOR SMOKING 

CESSATION 

Cognitive Behavioral Therapy (CBT) is an approach that 

 

Feature 

type 

 

Features 

LIVESTR

ONG 

MyQuit 

Coach 

Smoke 

Free 
Kwit 

Craving 

to quit 

Stop 

Smoking 

Cigarettes 

Now 

( Butt Out 

- Quit 

Smoking 

Forever ) 

Quit 

smoking - 

QuitNow! 

Cessat-ion 

Nation 
QuitPro 

Quit 

smoking 

Andrew 

Johnson 

Quit it lite 

A
p

p
 o

v
er

v
ie

w
 Price Free Free $2.16 Free $3.99 Free Free Free $2.99 Free 

Ratings 4.5 4.5 4.5 3 4.5 4 4.5 4 4 4.5 

iOS X X X X X X  X X X 

Android -- X X X -- X X -- X -- 

In
te

ra
ct

iv
e 

fe
a

tu
re

s 

Medicati

on alarm 
-- -- -- -- -- -- -- -- -- -- 

Activity 

tracking 
X X X X X X X X -- -- 

Personali

zed notes 
X X X X X X X -- -- -- 

A
p

p
 d

es
ig

n
 f

ea
tu

re
s 

Program 

plan 
X -- -- X -- -- -- -- X -- 

Data 

Visualiza

tion 

X X X X X X X X -- -- 

Smoking 

Awarene

ss 

X X -- X X -- X -- -- -- 

Money 

saved 
-- X X X X X X X -- X 

C
o

m
m

u
n

ic
a

ti
o

n
 s

y
st

em
 

Social 

network 
X -- X X X X X X -- X 

Link to 

consulta

nts 

-- -- -- -- -- -- -- -- -- -- 

Notificati

on 

notificati

on 
--- Gams 

Daily 

remind-

er 

App 

notificati

on 

App 

notificat-

ion 

App 

notificat-

ion 

Messag-

es 

Daily 

reminder 

 

App 

notifica-

tion 
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relies on three factors: thoughts, feelings, and behaviors. 
These three factors are interconnected and are mainly 
responsible for the consequences of an individual’s actions, as 
shown in Fig. 2. 

 

Fig2. A Typical CBT Approach. 

It is a psychotherapeutic approach that addresses problems 
such as maladaptive behaviors, psychological disorders, and 
stress. How people think (cognitive) and what they do 
(behavior) are the two aspects that can be changed by using 
different approaches such as talking, motivating, skills training, 
and relaxing. This is the major idea behind the use of CBT; it 
helps patients to change their behavior according to their 
medical and psychological condition for their own good.  It 
analyzes the patients’ thoughts, feelings and actions in 
particular situations, and then analyzes the consequences. 
Based on this analysis, the therapy, which includes different 
aspects such as motivation, education, training etc., can be 
used to change the patients’ behavior. By analyzing the CBT 
data and by providing effective support, patients’ self-efficacy 
can be improved, which in turn can help them to achieve the 
desired objectives. The CBT functionality to be used in the 
proposed system is presented in Fig 3. 

 

Fig3. CBT In Achieving Smoking Cessation  

The CBT can be manually adopted by the CBT therapist, or a 
computerized CBT can also be used, depending on the 
situation and the patients’ needs. Computerized CBT (CCBT) 
uses software programs that enable individuals to manage 

their problems by changing the ways they think and behave 
[56]. There are different CBT models and approaches used for 
different health conditions. Through psycho-education in the 
CBT approach, individuals can develop the necessary skills to 
manage their thoughts, feelings, and behaviours and how they 
interact or influence each other. CBT uses several methods 
such as cognitive restructuring, skills training, problem 
solving and relaxation to enable the individual to develop the 
strengths and skills to manage their actions and the subsequent 
consequences [57]. 

The recent advent of smartphones has allowed researchers to 
explore smartphone apps for delivering CBT-based 
interventions. Though mHealth apps and CBT combined 
interventions have been designed for many other health 
problems, we could not find any work that has implemented 
CBT for smoking cessation via smartphone apps. However, 
there is no shortage of non-CBT-based smartphone apps for 
smoking cessation today in smartphone app stores.  

As discussed earlier, there are various applications for 
smoking cessation available on the market, with different 
features, therapies and technologies. These apps provide 
various features such as a program plan, smoking awareness 
messages, expenditure tracking, medication reminders, etc. to 
motivate and monitor the smoking cessation process of the 
users. A Randomized Controlled Trial for smoking cessation 
using a smartphone app showed that the tested app was 
successful in making 13% of the participants quit smoking 
[46]. Apart from this publication, we could not find any other 
research work that has implemented a clinical trial process on 
app-based smoking cessation programs. Further, it must also 
be noted that the authors in [58] and [27] showed that most 
apps for smoking cessation do not adhere to clinical guidelines 
or recommendations.  

The lack of research into CBT procedures delivered via a 
smartphone app for smoking cessation is a research gap that 
needs to be addressed. The combined benefits of CBT 
procedures and smartphone apps can potentially produce an 
effective tool for smoking cessation. The literature review in 
this study suggests that both mHealth technologies and CBT 
have shown good results separately in various studies. 
Therefore, the concept of m-health technologies has been used 
to develop smartphone applications with different 
technological features [59, 58, 27]. These include measuring 
CO levels through a CO monitor, providing a platform for 
interaction between the physician and smokers through 
messaging, a graphical representation of CO levels, and 
graphs to show the smoker’s progress towards achieving 
smoking cessation. Various CBT features [35, 36, 60] have 
also been employed, such as requesting the smokers to fill a 
multiple choice questionnaire, focusing on their behavioral 
aspects such as thoughts, feelings, mood, and actions at that 
time. Thus, the proposed system integrates both mHealth 
technologies and CBT in order to help users to quit smoking 
[65]. 
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V. Perception study for the smoke mind 

system 

In our earlier study [61], a survey was conducted on smokers’ 
perceptions of using smart mobile phone technologies for 
smoking cessation in a community setting in Saudi Arabia. 
The outcome of this study suggested that the system 
architecture needs to include the m-health platform, CBT 
module, and a decision support system based on data mining 
techniques to provide an optimized information management 
process to the smokers in the KSA community. Based on these 
results, the requirements (functional and non-functional) were 
obtained and published. These requirements were used to 
design the architecture, features, and functionalities of the 
Smoke Mind System.      

VI. Smoke Mind System      

The Smoke Mind Management System is a proposed tool for 
improving smoking cessation management systems. Its aim is 
to overcome some of the smoking cessation challenges that 
currently exist. The Smoke Mind system has been designed to 
provide the following features: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig4.  

Fig5.  The General Architecture of Smart-Phone Based 

Smoking Cessation System for KSA User. 

A.  The Patient Hub 

The smoker will be equipped with a mobile app (designed for 
Android and iOS platforms) as their point of connection to the 
proposed system. The smoker’s app is used as an interactive 

platform that allows the smoker to receive the services of the 
smoking cessation program. This hub has an important 
component called the Exhaled Carbon Monoxide sensor which 
performs the pharmacotherapy function of the smoking 
therapy. This sensor measures the carbon monoxide levels of 
patients’ breath on a daily basis and collects the data. This 
information tests the nicotine metabolism of the smoker. The 
CO levels recorded need to be manually entered by the smoker 
into the mobile application, and this data will then be 
automatically updated in the server. The patient hub also 
includes an interface for entering the CBT data of the smoker 
which includes their thoughts, actions, and feelings. This data 
has to be entered by the smoker if the CO levels recorded are 
more than the normal range outlined. The smokers need to 
select an option from the multiple options outlined in the app. 
The CBT data will be automatically transferred to the server 
by the app. Apart from this major feature, our proposed 
architecture includes other features mainly derived from the 
findings of our survey in the previous study [61], which 
include: 

 A data visualization tool in the form of charts and graphics 

to show the smoker`s progress.  

 An interaction system to communicate with the 

professionals. 

 Daily reminders and push notifications to follow the 

program instructions and keep motivated. 

 Videos and text messages that provide awareness of 

smoking hazards and the benefits of quitting. 

 A direct connection to a helpline feature for urgent 

consultations in cases of emergency. 

 A behavioral change module that allows users to record 

their thoughts, actions, and feelings. Based on this data, the 

users receive advice and treatment suiting their needs. 

 An education interface for the users to increase their 

awareness about smoking, its ill effects and the benefits of 

quitting smoking. 

B. Physician/Social Worker Hub 

The physician/social worker will have access to the system 
through a website dedicated to maintaining communication 
with the smokers through the application. The website will 
also provide the physicians with information about the smoker, 
their previous track record and the current progress being 
made. The healthcare professionals can monitor the CO levels 
of the smokers and can change the treatment accordingly if the 
levels are high. They can also analyze the smokers’ CBT data, 
define changes in the treatment, and send notifications to keep 
the smokers motivated and focused on achieving smoking 
cessation. The professionals will be able to monitor and 
analyze the smokers’ progress closely, and use this 
information to modify and adapt the program, thus enhancing 
the quitting progress. They will also be able to interact with 
the smokers through their interface and provide required 
feedback.  
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C. Cloud Hub  

The cloud hub is where all the data generated in the system is 
stored and retrieved from. It acts as an intermediary between 
the Patient Hub and the Physician/Social Worker hub. The 
server shall host the data generated from the patient hub such 
as the carbon monoxide readings, and other interactions with 
the system. The nicotine metabolites data collected from the 
sensor at the patient hub will be stored on the server.  

Further, the contents related to smoking awareness are stored 
on the server, and these will be automatically sent to the 
smokers at predetermined regular intervals. The physicians 
will be able to access the database and retrieve individual 
smokers’ data in order to analyze their progress. Additionally, 
the CBT data entered by the smokers is also stored on the 
servers and can be retrieved whenever necessary to analyze 
the behavioral aspects of the smokers, and to adjust or redefine 
the treatment of the individual smokers according to their CBT 
data. 

Finally, an important component hosted on the server is the 
decision support system. This is an intelligent decision-
making system that analyzes the patient data and recommends 
to physicians specific consultations with the individual smoker. 
This component can help the physicians to make clinical 
decisions quicker and thereby help to increase the speed and 
accuracy of the consultations for smoking cessation.  

The proposed architecture of our smoking cessation system is 
designed based on the findings of our survey and literature 
research. The system is currently at the stage of development 
and implementation. This will be immediately followed by a 
pilot study in KSA. 

VII. Internet & Mobile Technologies 

 There is a wide range of software tools and technologies that 
can be used to develop effective and efficient information 
systems. However, there is one major challenge that usually 
results in system failures; i.e. change management. The aspect 
of change management can be seen in the changing 
requirements during the system design and development and 
during the system usage. It is important that the system should 
adopt the changing requirements without this affecting its 
functionality and efficiency. However, in most cases, it is very 
hard to achieve such an outcome as there are various types of 
issues or risks that might develop, depending on the type and 
the extent of change. To avoid such instances, the proposed 
approach would follow the waterfall model, where the 
complete set of requirements is gathered before designing and 
developing the system. However, care would be taken to 
increase the non-functional aspects, for example the 
adaptability and flexibility of the system. The prototype 
screens of the system can be found in Fig. 5. This process of 
effective and efficient system development is supported by the 
use of the following tools and technologies. 

A. Smartphone application & Web portal  

Software that can be installed on mobile phones, tabs, 
smartphones and other similar devices is usually referred to as 
a smartphone/mobile application. Similarly, a web portal is a 

web interface application that runs on different devices on 
different website browsers, where users can perform different 
functions like read/edit/delete/update data, and interact with 
other users. The proposed Smoke Mind system would use a 
mobile application that would be installed on the smokers’ 
mobile phones, and a web portal that would be accessed by the 
healthcare staff and CBT staff at healthcare centers in order to 
view the smokers’ readings and to interact with them. 
Different tools and technologies would be used to develop 
both the mobile application and the web portal.  

 

Fig6.  Prototype Screenshots of The Proposed System 

(SMOKE MIND APPLICATION ) 

They mainly include PHP, SQL database, Android OS, Java 
SDK, Platform eclipse, SMS text local, Polymap wireless, 
Java, HTML 5, XML, CO Monitor, Java script, CSS3 etc. The 
prototype screens of the web interface can be found in Fig. 6. 

 

Fig7. Prototype Screenshots of Health Portal Service 

access Interface.  
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The web interface is systematically designed so that the 
healthcare practitioners can easily access the smokers’ 
information, analyze it using GUI tools, and update the patient 
records regarding changes in treatment. They can also update 
the plans, notifications and other features that are part of the 
treatment.  

B. Classification Algorithm 

A classification algorithm is a program that is set in the Smoke 
Mind system to trigger the CBT therapy module and 
automated messaging if the specified criterion is met. The 
criterion to trigger a notification is based on the CO levels of 
the smoker. A notification is triggered when the CO levels are 
outside the normal range. In addition, a k-means clustering 
algorithm is used to detect the smokers’ possibility of quitting, 
and to determine the kind of treatment that they should be 
given, based on their data. It is also used to identify the best 
course of treatment for the smokers, and can be used by the 
medical staff and CBT therapists to recommend better 
treatment and decisions. 

C. Database Module 

An SQL database server is used in the Smoke Mind system. 
The database is designed using tables with different attributes. 
The data is stored in these tables and can be retrieved, updated, 
edited, and inserted according to the requirements of the users 
while using the system. 

VIII. Integrated mobile cbt-based smoking 

cessation system 

The proposed integrated Mobile CBT-based smoking 
cessation system is illustrated in Fig. 7. The overall 
functioning scheme of the proposed system can be described 
as follows. The smoker measures his carbon monoxide (CO) 
levels every day and manually updates the smoking cessation 
application. There is a reminder that alerts the smokers in case 
they forget to upload the readings. The updated data from the 
application is then transferred via a wireless communication 
channel such as 4G to the server. If the CO data obtained is 
within the normal range, then an automated educational or 
motivational message will be sent to the user. If it is above the 
normal rate, then the smoker is required to submit CBT-
related information. The smoking cessation professionals 
involved monitor the updated data on a daily basis and send 
appropriate feedback to the users accordingly.  

It can be noted that the proposed system uses different 
approaches to interact with the user, based on the progress that 
they have made. For instance, if the user has maintained their 
CO level below the target rate, then the user is congratulated 
on their progress and provided with more motivational and 
educational messages. In the event that the smoker has not 
made progress, then the user would be asked to provide CBT-
related information through the application. The information 
collected is then analyzed by the CBT therapist who would 
then interact with the smoker, understanding their issues and 
providing appropriate feedback. The CBT information 
collected is crucial for providing effective intervention, and it 

is based on three main elements: thoughts, feelings, and 
actions. The choice of CBT-related information to be collected 
was developed from detailed consultations with relevant 
medical and non-medical professionals. 

 

Fig8. Functional Scheme of the Proposed System. 

The technical aspects of the proposed system can be 
discussed using the following service models.  

A. Smoking Cessation Management Module Services 

The services in this module can be explained through two 
components, which include a CO management component and 
a communication component. The key function of the first 
component is to provide the mobility for the Smoke Mind 
building blocks. This component includes the functionality at 
the smokers’ end, which assists smokers with measuring their 
CO levels and manually submitting the readings using the 
mobile application. The application in turn transfers the 
readings to the central database using 3G/4G services. The 
smokers can view their readings over a period of time using 
charts or graphs. The smokers’ data stored in the database can 
be accessed by the medical staff to schedule the reading time 
and date, send feedback and observe the readings of the 
smokers remotely. The key function of the second component 
is the communication process. An effective communication 
process is achieved by using Bluetooth technology to transmit 
the lung age readings to the mobile device; it is also used by 
the mobile data network to transmit the readings from the 
mobiles to the server. However, CO levels have to be 
manually entered in to the application by the smokers as the 
CO monitoring device does not support Bluetooth technology. 
In addition to these, text messaging is also used to improve the 
smoking cessation management, by acting as a medium of 
communication.  

B. Interactive Module Services 

The key function of this module is to provide the necessary 

information to all the users of the Smoke Mind system. The 

services include information sharing, educational support, and 
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providing emotional support to the users. This module consists 

of a messaging feature which supports all these services.  

C. CBT Module Services 

The key function of this module is to provide the behavioral 

change component to the Smoke Mind system. This module 

consists of the smokers’ mobile CBT end, which will assist 

them with sending their CBT data remotely via the 

smartphone, and a web portal at the CBT specialist’s end, 

which will assist the therapist with sending feedback and 

observing the state of the patients’ behavioral change remotely. 

Both smokers and CBT therapists can view the CBT (thoughts, 

feelings and actions) in graphical representations such as 

tables and charts. This module will aid CBT intervention by 

applying a logic (when CO levels are more than the normal 

range) to decide whether to trigger an intervention notification, 

asking the smokers to submit CBT data.  

The CBT cycle starts from when the CO levels of the 

patients are recorded and are higher than the normal range. If 

such an event occurs, the smokers will automatically receive a 

notification requesting them to submit their CBT data. Then, 

the patients are supposed to submit the CBT data, which 

comprises of thoughts, moods and actions through the mobile 

application. The patients are required to select the appropriate 

options which define their thoughts, mood, and action at that 

point of time from the list displayed on their mobile’s screens. 

These are discussed in detail in the following points. 

D. Thoughts  

The thoughts of the user are essential in the CBT process since 

they enable the therapist to understand the state of mind of the 

smoker and to use this to design an atmosphere that would 

help to reduce any negative thought patterns in the smoker. 

The thoughts used in our system are derived from a research 

review and from consultations with professionals. Table 4 lists 

some of the thoughts used in our system. 

 

 
Thoughts 

I am confused 
I am afraid 

I am scared 

I’ve no patience  
I am stupid  

It’s not a good time 

I won’t be able to concentrate 
I’ll miss it too much 

TABLE IV.  List of some thoughts  

E. Feelings  

It is important for the therapist to know how the smokers 
feel about themselves during the cessation program, in order to 
understand how the progress in the cessation program is 
affecting the smokers’ mood and feelings. The smokers in our 
designed system will be asked to identify their mood from a set 
of options as shown in Table 5. 

 

Feelings 

Happy 

Sad 
Scared 

Angry 

Frustrated 
Confused 

Surprised 

Hurt 

TABLE V.  List of some feelings 

F. Actions 

The users of our system are asked to provide information about 
their actions as this will help the therapist to analyze their 
success or failure during the course of the program in the 
context of their activities. For instance, if the smoker is able to 
abstain from smoking by diverting his attention onto certain 
activities, then the therapist can identify them based on the 
information collected from the smoking cessation application. 
Some typical examples provided in the application are listed in 
Table 6. 

Actions 

Talk to my friend 

Buy things 
Drive a car 

Do my job 

Sing 
Listen to jokes 

Go to a special occasion  
Meet friends 

Read books, magazines, etc. 

TABLE VI.  List of some actions 

The CBT data collected will enable the therapist to understand 
the users’ actions and behaviour and use them as a context to 
modify the smoking cessation program.  

In addition to the CBT, the proposed system also embodies 
other functional features that are interlinked with CBT. The 
smokers can interact with the physicians through messaging 
and can clear any doubts or receive feedback from the CBT 
therapists. The users can view their progress through graphs 
and receive educational materials and motivational messages 
tailored specifically to each participant, based on their CBT 
data and CO levels. In the case of an emergency, the smokers 
can directly contact the physicians over the phone, for which 
purpose an emergency contact number is presented in the 
application. The smokers’ data and the measured CO levels are 
stored in the cloud hub, from where the physicians and 
smokers can access the current and historical data. An 
important component hosted on the server is the decision 
support system. This is an intelligent decision-making system 
that analyzes the patient’s data, and based on the analysis, it 
recommends that the physicians provide specific consultations 
to the individual smoker. This component can help the 
physicians to make clinical decisions quicker and help to 
increase the speed and accuracy of the consultations for 
smoking cessation. In addition it also sends the educational and 
motivational messages to the smokers at regular intervals. 
However, the functional features such as messaging and 
feedback etc. are mainly based on the CBT data.  
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IX. Conclusion and future work 

The proposed system presents a new approach of 
combining mobile health technology and CBT methods to 
provide an effective smoking cessation program. The 
ubiquitous presence of smartphones and the various 
communication benefits they provide are utilized by our 
proposed system to provide a CBT paradigm in smoking 
cessation application systems and hence enhance their success 
potential. Currently, the proposed system is at the clinical trial 
stage to study the impact of this system on smoking cessation.  
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