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Abstract---Recent advances in persuasive technology are topics of great interest in the design of mobile healthcare 
applications. Persuasive technology emphasizes on how to change the behavior or attitudes of individuals. Right 
now, persuasive components are gradually implemented into the design of the mobile healthcare applications. 
However, identified gaps include scarcity of studies on how persuasive components are integrated in that domain; 
limited studies on how to transform the persuasive technology into software requirements and functionalities for 
designing mobile applications; majority of previous studies did not follow any of systematic processes related to the 
software architecture for analysis and design of persuasive technology systems. This led to the lack of required 
design details that should be provided by designers. In light of those major gaps, this paper argues that an extensive 
critical review based on the key question on how persuasive applications should be designed in ensuring that the 
system interacts with individuals in changing their behaviors or attitudes. This paper argues that previous studies did 
not highlight how technologies such as persuasive features are integrated into the system design particularly in 
healthcare domain.  As a conclusion, this paper suggests that a set of guidelines for the adoption and integration of 
persuasive features in mobile healthcare and architecture is highly needed, and to do broaden researchers for future 
works. 

Index Terms---Mobile healthcare, Mobile Architecture, Behavior Change, Persuasive technology, Persuasive 
strategies, Persuasive principles, Persuasive models, Human-computer interaction 

I. Introduction 

Mobile healthcare (m-healthcare) applications are increasingly becoming an integral part of the daily life of 
individuals because of their potential benefits that impacted the users in changing their behavior [1], and [2]. 
Healthcare assessed through the m-healthcare system is regarded as a solution to address the high cost of healthcare 
and maintaining the status of the treatment overtime [3], and [4]. The progressive shift in m-healthcare appears 
promising in supporting people to adhere to their health goals [5]. One of the techniques of behavior change in the 
healthcare field is the persuasive technology that can be used as a practical measure to ensure effectiveness of health 
solutions [6]. Persuasive technology in the form of m-healthcare applications has the potential to promote health 
benefits, however, in the literature these technologies are still unclear on how they should be integrated into mobile 
applications [7], and mobile architecture [8], and [9]. 

In this context, previous researchers have attempted to design or propose solutions such as architecture, model, 
or framework as guidelines in this domain to persuading users in changing their behaviors [10], [11], and [8].  
However, most of the researchers faced difficulties in integrating persuasive components due to the vague support in 
the literatures [7], and [12]. Adding to this is the scarcity of studies on persuasive m-healthcare architecture [10], 
[11], [8], and [9] . Moreover, the most available studies were also not carried out based on a systematic process of 
software architecture for the analysis and design of the persuasive applications [13], and [14]. Nevertheless, some of 
the studies tried to interpret the persuasive components in designing and evaluating the persuasiveness of the 
software system. As such, a study is needed in transforming the persuasive technology into software requirements 
and functionalities for the design of mobile software architecture, particularly for m-healthcare.  

Within the above context, the main contribution of this paper is the review of the persuasive technologies in m-
healthcare and their integration. In addition, analysis of relevant literature on persuasive components is also 
included. For that purpose, the review will answer the following questions: 
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i. What is the research activity level for persuasive technologies in m-healthcare? 

ii. What are the fundamental persuasive components that influence the individuals in m-healthcare? 

iii. How the current persuasive components are integrated in m-healthcare? 

The review is regarded as an initial step in clarifying the literatures on persuasive components for m-healthcare 
in order to develop a practical categorization particularly in supporting the design of persuasive m-healthcare 
software architecture and its implementation. 

II.  Origin of Persuasive Technology 

The sphere of persuasive technology that is specifically designed to impact on the way of life or actions has been 
introduced by Professor B.J. Fogg of Stanford University in 1996. It is famously referred to as captology, a term 
from Computers as Persuasive Technology [15]. Briefly, captology is a study of options and problems linked to the 
application of computers for persuasive purposes. The original definition of persuasive technology by [16], is an 
attempt to motivate and alter people’s attitude or behavior to use the technology through persuasion, but must be 
without coercion or fraud. The idea about persuasion is sometimes made of possibilities of views, it is an attempt to 
remodel, strengthen, or change the way of thinking, judgment, or views about an issue, entity, or action.   

From psychology and communication perspectives, the persuasion refers to the efforts in guiding individuals to 
adopt some actions, convictions, or a position chosen by the individuals through reasoning [17]. In most cases, 
people are naturally protective of their views and their behaviors and can close their minds to change if persuasion is 
not addressed in an acceptable fashion. According to [18], persuasion is effective when the goals change the 
attitudes and beliefs or behavior as desired.  Additionally, [19] addresses that persuasion is a “human 
communication designed to influence the autonomous judgments and actions of others”.   

It is seen that the definitions in the previous paragraphs emphasize on communication. According to [16], with 
regard to communication, human-computer interaction can also be persuasive besides human communication. As an 
illustration, interactive technologies including mobile devices, tablet PCs, video games, internet services, and social 
networks generate options for persuasive contact because individuals can access them pervasively. In fact, the field 
of persuasive technology is rapidly growing [20].  

In accordance, persuasive technology has been absorbed into various domains in our daily life including 
education [21], and [22], safety [23], and health [24]. Theoretically, the major potential of persuasive technology lies 
in its ability to help people to promote the desired targets in life. In healthcare, it acts as a persuasive mechanism in 
promoting wellness among communities to improve their quality of life by educating, tracking, and maintaining 
their health. 

III. Six Principles of Cialdini 

Cialdini was the first to outline the strategies of influence. In his book, “Influence: The Psychology of 
Persuasion”, he addresses six principles of persuasion or influence [25], that include: (i) Commitment and 
Consistency: If individuals have decided to implement a goal or commitment, they are likely to pledge their 
commitment to the idea or objective as being similar to their personality. Even if the initial motive is removed, 
individuals are likely to continue with this obligation. (ii) Authority: Individuals tend to obey verified facts, even if 
they are required to carry out objective actions. (iii) Reciprocity: People are more likely to accede to a favor of any 
size if it is preceded by a small gift or favor. (iv) Liking: People are more likely to be easily persuaded by other 
people they like. (v) Scarcity: Apparent shortage will bring about demand. An illustration is offers made available 
for “a short time only”, resulting in sales. (vi) Societal Social Attestation (Consensus): Individuals will do things 
they observe in other people’s actions. These principles are general and can be used for any type of persuasion, 
although Cialdini focuses on human-human interaction, without considering HCI or how technologies can act as a 
tool to persuade individuals to change their behaviors. The literature reveals that studies have adapted Cialdini’s 
principles and concepts in the design of HCI systems [26], and [27]. Meanwhile, Fogg [6], the guru of persuasive 
technology offered a holistic set of persuasive strategies through his published book “Persuasive Technology: Using 
Computers to Change What We Think and Do”. The holistic strategies can increase users’ motivation and ability to 
change their way of thinking or behavior and make them better in achieving the desired outcome [6]. In short, the 
adapted persuasion strategies in the design have often based on the researcher’s own intuition. This makes it difficult 
to provide a generalize result to solve various problems. 

IV. Persuasive Models 
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Literatures reveal a few persuasive models incorporated into persuasive computing systems which are used in 
categorizing the persuasive components.  The main models are described as follows.  

A. Fogg Behavior Model (FBM) 

In this model, the three key factors that drive the human behavior include; ability, motivation and trigger [28], as 
illustrated in Figure 1. These factors control the behavior being performed. The motivation and ability factors can be 
seen as complementary. The target behavior is more likely to happen with high motivation and high ability. 
However, when ability is low, increasing the motivation will increase the likelihood for the target behavior. Vice 
versa, low motivation can be compensated by high ability. Based on the model, motivation can be increased by 
increasing pleasure, hope or social acceptance or decreasing pain, fear or rejection. Meanwhile, ability can be 
increased by simplicity whereby simplicity is made up of six elements that include; (i) time, (ii) money, (iii) 
physical effort, (iv) brain cycles, (v) social deviance, and (vi) non-routine. All of the elements have to function 
properly for simplicity to be simple, meaning that decreasing an element increases simplicity and increases the 
ability.  

Behavior is still unlikely to happen, though both ability and motivation are high due to the missing of trigger. 
The trigger is effective when motivation and ability are above certain levels. If the trigger is below this level, it 
produces undesirable effects and can cause disappointment. There are three types of trigger namely; (i) spark - this 
trigger has a motivation element in it, (ii) facilitator - this trigger is suitable for users with high motivation but less 
ability, and (iii) signal - this trigger does not try to motivate or simplify tasks.  

 

Figure 1. Fogg behavior model modified from [28] 

The Fogg behavioral model has the utility of being concise, easy to understand, and pretty robust. It also helps 
academics understand behavior change better [29]. In sum, it also can be applied in changing user's behavior using 
mobile technology as a channel for triggering the required behavior. Through FBM, designers and researchers can 
systematically think about the factors that underlie the behavioral change [28], and [30]. In other words, FBM can be 
used to identify obstacles that inhibit people from performing a specific behavior. Finally, the FBM is advisable to 
implement in evaluating behavior change systems that work based on the persuasive design strategies [31]. 

B. Persuasive Systems Design (PSD) 

PSD is a model introduced by [32] where it provides methodical study and proposes a method for mounting 
persuasive software solutions. The model shows seven basic postulates utilizing persuasive systems and how to 
study the background of persuasion. It also explains the functions of the content and software in the output. Further, 
it lists 28 design principles for persuasive system content and functionality. The new category of these principles 
includes; the primary task, dialogue, system credibility, and social support as shown in Figure 2, which is adapted 
from Fogg [6].   
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Figure 2. Persuasive Systems Design [32] 

Although the PSD model has been used to motivate and persuade users to achieve their personal goals, 
researchers did not explain the way of adapting the principles of persuasion from Fogg [6].  In other words, no 
explicit reasoning was given for their selection of the techniques [26], and [7]. In fact, the principles have not been 
implemented in real-world projects. In other words, no explicit reasoning was given for their selection of the 
techniques [26], and [7]. PSD method seems to have potential in guiding the development of the persuasive systems 
for behavior change. So far they have been tested in only relatively small trials. In addition, some of the criteria 
previously studied by [32] were not verified in terms of relevance and criteria efficiency through experimental 
methods [33]. Most recent works using PSD models in persuasive designs are still at conceptual level [34], and [35].  
This model does not guide the designer thoroughly to implement the proposed design activity as it is too generic 
[36] The main gap observed in [32] is just discussion of the persuasion context, but it fails to deliver the specifics 
about how to analyze a domain or system and extract the necessary elements to build a persuasive context [37]. No 
toolkit for systems analysis is suggested to accompany the PSD. Until now, most PSD principles are not evaluated in 
real-world projects such as persuasive mobile architecture [38]. This is due to insufficient information to guide the 
designer in performing the activities in the PSD model [39]. 

C. The Transtheoretical Model (TTM) 

This biopsychosocial model, also called the stages of change model as shown in Figure 3, was developed by 
Prochaska and DiClemente [40]. It considers the health behavioral change as part of a sequential process that occurs 
through six stages, as follows. (i)  pre-contemplation is the first stage in the model, where the users have not yet 
considered changing their behavior. They are unaware that their behavior is problematic or has negative 
repercussions. This means they have no motivation. (ii) Contemplation: the individual intends to start to change 
certain behavior, and is beginning to recognize that their behavior will be problematic in the foreseeable future. 
Even with this admission, individuals maybe still feel hesitant about changing their behavior. (iii) Preparation, or 
determination: here individuals are fully intending to take action to change their behavior. This means they have 
plans to start taking the small steps toward the behavior change. They have been thinking about it for the long 
duration of time, and they that changing their behavior may give rise to a healthful life. (iv) Action: the individuals 
at this stage have actually changed their behavior, and are maintaining it by modifying obstacles. They may intend 
to keep up the new behavior for six consecutive months, to get primary results to measure the change in acquiring 
new healthy behaviors. (v) Maintenance: at this stage people must be maintaining their behavior change and avoid 
relapse to earlier stages. For example, the individuals work to be able to continue and keeping on changing their 
behavior for six months without a relapse. However, some of them do not apply the change processes as regularly as 
like other individuals. (vi) Termination: individuals are unwilling to return to their unhealthy behaviors. They must 
have 100% self-efficacy, and be sure not too relapsed. This stage is considered a challenge in coping with unhealthy 
habits, and most individuals tend to stay at the maintenance stage without going forward to this stage. 
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Figure Error! No text of specified style in document.. The Stages of Change Model [40] 

Although the transtheoretical model of change is widely used in health behavioral change, it has been strongly 
criticized [41], and [42]. In that regards, Fogg and his colleagues [43] stressed that its first three stages of TTM are 
not types of behavior, but stages that anticipate behavior.  

In sum, this model does not indicate how and when the individual can remain at each stage. Therefore, it is 
considered complex and unclear, with an absence of actionable recommendations. Although it is widely used in 
human-human persuasion because of its ability to cope with changes in individual behavior interventions, this 
feature is not readily available in PT approaches. Consequently, the practitioners are finding it difficult to imitate 
and apply the stages of TTM in practice work based on human-computer persuasion. 

V. Eight-step Design Process of Persuasive Technology 

Fogg [44] proposed eight steps to be followed as top practices in the initial stages of persuasive technology 
design. The processes are derived from demonstrated successes in the industry. With the first step is clarifying the 
persuasion goal, which is the required behavior that aims to match a target audience with a suitable technology 
channel. Subsequent steps include imitating the successful instances of persuasive design, performing rapid trials, 
measuring behavioral outcomes, and building on small successes. Figure 4 depicts the eight steps of the process. 
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Figure Error! No text of specified style in document.. Eight-step process [44] 

This seems to be the most influential in supporting systematic behavior change interventions strategies, however, 
how each of these principles or strategies be implemented in a particular user context is not clear [45]. An explicit 
user model is needed in order to implement these strategies and to get more insights into the mechanisms of their 
working. However, it offers a good way to think that persuasiveness is important in persuading individuals through 
applications to adopt desired behaviors. 

VI. Persuasive Behavior Wizard 

Fogg & Hreha [43] introduced the Behavior Wizard, a method of users’ behavior change when dealing with 
studies related to the design of persuasive technologies.  It provides 15 ways of behavior change as shown in Figure 
5. The aim of this method is to match the type of target behavior with solutions for achieving those targeted 
behavior. A three-phase process will be used for the wizard.  Based on these phases, the designers have to: (i) 
identify the target behavior, (ii) identify the triggers, and (iii) develop a plan to implement the targeted behavior 
strategies. The horizontal axis parts of the wizard behavior classified into five “Flavors” which uses five different 
colors to represent five different behaviors. Therefore the designers have to decide based on the wizard whether the 
behavior is new that is unfamiliar (Green), familiar behavior (Blue), wish to increase (Purple) or decrease (Gray) in 
intensity, or need to stop (Black). The behavior is either new or normal based on the individual being the target of 
persuasion.  For example, it is a new experience for most people to do exercise every morning, but not to those who 
used to do it. In applying the method, it is important for the designers to understand the target audience.  The vertical 
axis represents behavior’s durations, where the designers have to identify the type of target behavior as suggested by 
Fogg and Hreha  [43] that include; one time (Dot), period of time (Span) and from now on (Path). In the second 
phase, the designers have to identify the triggers of the behavior whereby a trigger is something that attracts the user 
to perform the target behavior. A trigger is considered “cyclic” when it happens at regular intervals such as taking 
antibiotics for three weeks or taking multivitamins every day for a month. In the third phase, the classification of 
persuasive strategies, models, or any proposed solutions for the behavior type based on the purpose of the system 
and the users.  
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Figure Error! No text of specified style in document.. Behavior Wizard from [43] 

This method is more rich and concise as it summarizes the findings in psychology and behavior change field in 
fifteen cells matrix of behavior and change types [46]. In the past, behavioral psychology researchers and mobile 
app designers had to make guesses at solutions for changing behavior. However, most of their attempts failed. The 
Behavior Wizard developed by Fogg and Hreha [43] is useful as a guide to provide a solution for designers in 
identifying the type of behavior change used for persuading individuals. With these 15 types of behaviors, it can 
isolate, identify and clarify the target behavior and distinguish it from others and help to create a persuasive 
experience [43].  They also indicated that the researchers should focus on a type of change and not all of them. 
Therefore, Fogg and Hreha [43] provide examples of the techniques that can be used to achieve the desired behavior 
depending on the type of behavior change. It is obvious that these guides are valuable guide for designers; however, 
their major emphasis is on intended user behavior and designers’ intentions [47]. 

VII. Methods 

This paper begins by addressing its aims at reviewing the key persuasive components in m-healthcare and its 
implementation. In achieving that, a structured research methodology was conducted and adapted from [48], and  
[49] consisting of two phases.  The first phase involves search and selection of the articles while the second phase 
involves the classification and analysis of the articles.  

The first phase explores the popular academic publishers namely; IEEE, ACM, and Springer. In this phase, the 
relevant articles were searched using the following search terms; ("software architecture" AND "persuasive" AND 
"health" AND "mobile") OR ("persuasive framework" AND "health" AND "mobile") OR ("persuasive architecture" 
AND "health" AND "mobile") OR ("persuasive model" AND "health" AND "mobile") OR ("persuasive features" 
AND "health" AND "mobile") OR ("persuasive principles "AND "health" AND "mobile") OR ("persuasive 
strategies" AND "health" AND "mobile"). All these search terms for articles are combined by using the Boolean 
‘‘OR” operator, which entails that an article only has to include any one of the terms to be retrieved.  Then, all the 
articles related only to the key questions in the domain of m-healthcare were selected. The articles include journals 
and conference proceedings that were published in English only. 

In the second phase, a well-defined taxonomy was created to enable the classification and analysis of the selected 
articles to be carried out.  The content of the taxonomy is dependent on the review questions. In addition, all selected 
articles were based on analysis and reading of the full text.  For the purpose of classifying and analyzing the selected 
articles, various approaches were used. One of these approaches is to classify system for reliability as well as topics 
that also include relevant data of a search [50]. In addition, content analysis using a constant comparative method 
was employed [51].   Furthermore, this phase also exclude articles which do not meet the selection criteria that 
include; editorials, prefaces, article summaries, interviews, news, reviews, correspondence, discussions, comments, 
reader’s letters and summaries of tutorials, workshops, panels, and poster sessions. In the following section, the 
results of the selection and analysis are discussed in detail. 
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VIII. Result 
This section describes in detail the selected most of literary works based on the questions of this study.  

A. Level of research activity of persuasive technologies in m-healthcare  

In general, 457 articles were selected for analysis based on keywords and databases. All the works are reported in 
articles published in persuasive technology in mobile healthcare domain. Figure 6 illustrates the proportion of papers 
from the sources which include IEEE, ACM, ScienceDirect, Scopus, Springer, and others. 

 

Figure 6. Publishers of selected articles 

In this review only 43 articles were related to the persuasive components and mobile software architecture. 
Meanwhile, 3 out of 43 articles discussed only the concept of persuasive technology without any explanatory data 
[12], [52], and [53].  Adding to that, 6 articles discussed only the persuasive components without any clear 
explanation such as [54], [55], [56], [57], [58], and [59]. It was found that most researchers explicitly adapted the 
persuasive components from one of the identified sources. 

Based on the articles, research activity of persuasive components in mobile healthcare has commenced 
effectively since 2006. Since then, the interest in the research area has increases steadily as shown in Figure 7. 

 

Figure 7. Research Activity per Year 

In the analysis phase, the frequency which refers to the number of persuasive strategies in m-healthcare as 
appeared in the literatures is stated. Figure 4 illustrates the frequency of persuasive components in m-healthcare 
literatures.  

In this review, Figure 8 shows that the Suggestion and Kairos are the most frequently implemented components 
in the m-healthcare applications. It indicates that persuasive applications in healthcare domain highly rely on 
promoting persuasive messages to users at an opportune time. Likewise, competition component which represents 
leveraging human beings’ natural drive to compete and it is often implemented in the general health applications. 
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Figure 8. The frequency of persuasive components in m-healthcare literatures 

B. Fundamental persuasive components and their integration in m-healthcare 

Based on the analysis phase, most of the investigators in this domain referred to [6], and [25] in designing the 
persuasive components. Meanwhile, the persuasive components have been adapted from other existing persuasive 
models such as FBM [28] and Persuasive System Design [7]. For instance, [11] designed an architecture that 
combines the persuasive benefits of ubiquitous and social computing to help patients and caregivers' healthcare 
management. They considered diabetes self-management as a case study. They used several persuasive components 
based on motivation, ability and trigger of FBM as well as some persuasive components from the theory of Cialdini 
[25].  Nonetheless, the researchers did not elaborate on the integration and implementation of the persuasive 
components in their study.  

Furthermore, one notable study in software architecture design was clearly observed in the work of [10]. They 
have designed a software architecture based on the analysis of the persuasiveness context from the persuasive 
systems design model [32]. Nevertheless, this study has yet to measure and evaluate in the real world with actual 
individuals. This means that there is no agreement on how to measure the level of persuasion of users especially for 
behavior change systems targeting specific problem [60], and [61]. So far, no expert review (expert judgments) has 
verified that the implementation of the mentioned persuasive instruments [41] and software architecture is correct 
[10], and [38].  

Additionally, [62] propose eMotiva architecture to detect behavior series of subjects in nursing homes. They 
incorporated two implicit strategies; suggestion and cause-and-effect. In this study, they presented a conceptual 
work to help patients with dementia via discovering conduct disorders in the nursing homes. However, their 
proposed software architecture has not been implemented in real life with real users. 

Also, [63] proposed an architecture that combines home sensors and wearable sensors to help elderly to receive 
weekly SMS with emails or cell phone. This work is focused on the set of persuasive sensing to help patients to self-
managing diabetes. The sensors work with computers and cell phone as persuasive tools for monitoring patients to 
manage their disease every day. However, it has not been focused on software architecture but on hardware devices 
to send data to a cell phone through short message service. 

On the other hand, [55] evaluate the components of twelve applications based on using a persuasive system 
design model. The results show that of the four categories in the PSD model, the components in the primary task 
support were the most common ones, whereas the strategies in the social support category were the least. The 
researchers did not mention on how they validate the persuasive components in the applications based on the PSD 
model. 

According to [7], the PSD model maybe helpful in motivating and persuading users to reach their personal aims. 
They also adapted the principles of persuasion from Fogg's theory. However, they give no explicit logic to the 
components of persuasive to be integrated in the design. Indeed, those principles were not being implemented in the 
real software architecture. 
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Otherwise, some of the researchers also adapted persuasive principles from theories that assert on the behavior 
change.  For example, [64] adapt Cognitive Behavior Therapy (CBT) and TTM in the implementation of the 
persuasive components. In the same view, [54] developed a virtual mobile coach that functions as the first 
intervention for insomnia treatment and also adapted the strategies from CBT. In the series, [35] developed a 
persuasive system based on goal-setting theory, followed with [65] who implemented the goal-setting partially. 
However, they did not explain the components that are integrated into the design of the m-healthcare applications 
and how they are being transformed into persuasive components for mobile platform. 

On a related note, one of the important points that have been highlighted in the literatures is how the persuasive 
mobile applications are evaluated. In this context, most researchers have evaluated the applications with a small 
sample of individuals. Additionally, in the evaluation process, majority of researchers focused on the acceptance of 
the technology rather than persuasion. However, for future research, they suggested in conducting studies on 
persuasive strategies alone. 

Based on this review, some new persuasive components such as achievement, narrative, reputation, and social 
validation have been observed from previous studies. However, these components convey similar concept with [6], 
and [25].  

IX. Limitations 

This review analyzed the last 14 years of literatures involving PT in mobile apps for healthcare domain. The 
research started from 2000 until end of 2014. The field of mobile apps with PT is relatively recent. Thus, the first 
paper was shown in 2006. The studies that only were published in English were analyzed. In this review might be 
missed some studies because of the search criteria and search terms that we used. A further investigation through 
systematic literature review will be performed in the future. 

X.   Conclusion 

In conclusion, this paper discusses the existing works on persuasive technology and m-healthcare where the 
contributions are helpful for researchers in constructing new persuasive mobile architecture in their future works. 
Indeed, this review has identified lack of how the persuasive components are integrated into m-healthcare. 
Moreover, it has been found that most of the researchers did not follow systematic process at the design stage of 
persuasive mobile application.  They also failed to offer proper guidelines in designing software architecture. 
Another key point is that this review reveals that there is a need to incorporate persuasive components in m-
healthcare architecture to target for specific problem. Adding to that, expert evaluation so far has not yet been 
conducted on any implemented persuasive components in designing software architecture and persuasive 
instrument. In conclusion, there is a need of an extensive research in the future to develop and evaluate persuasive 
guidelines for m-healthcare and mobile architecture. 
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