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Mobile phone technology has been progressively employed in persuasive technology interventions design to promote physical activity (PA) and discourage sedentary behavior (SB). Because of the ubiquitous nature and seamless integration of mobile phones into user's daily lives, mobile phone-based persuasive technologies (PTs) have the potential to influence and change a user's behavior or attitude continuously. This paper provides a systematic review of 15 years of research (80 papers) focusing on the effectiveness of mobile phone-based PT in promoting PA and reducing SB. Specifically, this review aims to (1) assess the effectiveness of mobile phone-based PT in persuading users to be more physically active and less sedentary, (2) highlight research trends in this area including other technology platforms implemented along with mobile phone-based PT, (3) reveal some strengths and weaknesses of existing mobile phone interventions in PA and SB domains, and (4) provide recommendations to inform future research in this area.
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INTRODUCTION

The health problems associated with physical inactivity and sedentary behavior are on the rise globally (Ng et al., 2014). Twenty-three percent of adults worldwide do not achieve recommended levels of physical activity (Blair, 2009). For instance, only 35% of the United States population and 40% of the United Kingdom population get a sufficient amount of physical activity (World Health Organization, 2014) on average, as recommended by experts. Consequently, physical inactivity, sedentarism, and unhealthy eating habits have led to the rise of obese and overweight individuals around the world. Moreover, sedentary lifestyle and physical inactivity can increase the likelihood of morbidity and mortality, which have been connected to productivity losses in the employment market. For instance, mortality associated with sedentary behavior led to $13.7 billion of productivity losses worldwide (Murray et al., 2012).

One of the most successful and efficient ways to lower the increasing cost associated with a sedentary lifestyle and overweight is to adopt preventive measures aimed at averting health-related problems and chronic diseases (Abrams et al., 1996; CDC, 2009; Tuso, 2015; Hinney and Hebebrand, 2020). These measures include making people change their sedentary behaviors by adopting an active lifestyle and encouraging them to track and comprehend their health goals, and hence stay physically active. In the digital health domain, persuasive technology (PT) has been considered as a powerful tool to support and encourage behavior change for both individuals and the community in a useful way. PTs are interactive applications, computing devices, or systems that are purposely designed to change, reinforce, or promote desired attitudes and behaviors of an individual by applying persuasive strategies and social influence without coercion or deception (Fogg, 2002). To date, mobile phone technology is the most widely used tool to deliver PTs to promote desirable behavior for individuals, especially in the area of physical activity, to deliver PTs for encouraging physical activity (PA) and discouraging sedentary behavior (SB) (Eapen and Peterson, 2015). This is due to its portable nature that made it to always be with the user and easily integrated into the user's daily life; as a result, they are easily used by individuals in any environment and at any time. In addition, the wireless communication feature (e.g., Bluetooth, Wi-Fi) and tracking (e.g., embedded sensors, GPS, cameras) made mobile phone technology an ideal tool for designing persuasive applications to promote physical activity. Finally, mobile phone technology can easily be integrated with other technology platforms (e.g., games, desktops, tracker devices, ambient displays, websites, and social networks) to achieve a multiplatform PT.

Considering the growing number of mobile-based PT, this paper provides a systematic review of 15 years of research (80 paper) focusing on the effectiveness of mobile phone-based persuasive technology in promoting PA and reducing SB. Specifically, this review aims to (1) assess the effectiveness of mobile phone-based PT in persuading users to be more physically active and less sedentary, (2) highlight research trends in this area including other technology platforms implemented along with mobile phone-based PT, (3) reveal some strengths and weaknesses of existing mobile phone interventions in PA and SB domains, and (4) provide recommendations to inform future research in this area.



LITERATURE REVIEW

Some previous studies evaluated the use of mobile phone-based PT to deliver interventions to increase PA and reduce SB. For example, Bort-Roig et al. (2014) provided a systematic review article to show the ability of smartphones in measuring and influencing PA behavior change. They reviewed 26 articles that were published from 2007 until 2013 and met their inclusion criteria. They found that smartphone technology can measure a range of users' behavior accurately. Furthermore, they emphasized the importance of having more evidence and well-designed studies to assess PA accuracy and long-term duration of study impacts. The review focused mainly on assessing the ability of smartphone technology to measure a range of PA behaviors. Furthermore, Matthews et al. (2016) reviewed the state of mobile applications for health persuasion and behavioral change with an emphasis on PA apps. They used the Persuasive System Design (PSD) model for evaluating the PTs implemented on mobile applications. Their findings showed that primary task, dialogue, and social support principles were the most frequently used in their selected studies, while the credibility support principles were the lowest represented in the design of mobile applications for PA. They suggested that developers and authors should have more knowledge and understanding of the design principles to deliver effective and efficient PTs.

On the other hand, Dunn et al. (2018) reviewed free and paid mobile apps targeting SB on both the iTunes app and Google Play stores based on behavior change techniques (BCTs) adoption. Specifically, they examined 36 free apps and 14 paid apps using a taxonomy of 93 BCTs. The study only focused on SB apps since PA apps have already been examined in previous studies. The findings of the review done by Dunn et al. (2018) showed that SB apps employed fewer behavior change techniques (BCTs) than PA mobile apps and other technology interventions in the domains of PA and healthy eating.

Most existing studies focused on either SB or PA and are based on a segment of mobile phone-based PTs (such as those targeting only smartphones while ignoring traditional cellular phones). Furthermore, many studies did not compare mobile phone-based PT with those used along with other technology platforms (e.g., activity trackers and sensors devices, desktop, websites, social networks, and games) in terms of effectiveness. Therefore, there is still a need to conduct a comprehensive systematic review of the effectiveness of mobile phone-based PT in persuading users to adopt a healthy lifestyle focusing on both PA and decreasing SB. This paper provides a comprehensive overview along with a comparison of the effectiveness of using mobile phone-based PT alone and using mobile phone-based PT along with other technology platforms.



MATERIALS AND METHODS

This systematic review paper provides a comprehensive overview of the current state of mobile phone-based PT interventions. Thus, it can inform future research and studies in the area of mobile phone-based PT for PA and SB.

We implemented a quantitative content analysis, a method that applies comparison and contrast, and provides taxonomies of data based on different themes and concepts (Riffe et al., 1997; Orji and Moffatt, 2018). We used seven databases to search and select our literature. These databases include PubMed, Springer, Elsevier Scopus, EBSCOHost, Google Scholar, ACM Digital Library, and IEEE Xplore. We searched using various terms and their combinations including: “persuasive technology and physical activity,” “persuasive technology and sedentary behavior,” “persuasive technology and physical activity and sedentary behavior,” “persuasive technology and fitness,” “persuasive technology and exercise,” “exergames or mobile exergames,” “mobile health applications/app and physical activity,” “fitness applications/apps,” “smartphone applications/apps and physical activity,” “smartphone and physical activity,” “smartphone applications/apps and sedentary behavior,” and “smartphone and sedentary behavior.” This ensures wider coverage of mobile phone interventions in PA and SB across disciplines, such as health informatics and human–computer interaction (HCI).

The search outcome revealed 586 unique articles or titles, of which 378 articles were excluded based on titles, while 208 articles were considered relevant. After examining the abstract of all relevant articles, a total of 80 articles were selected for review. We only considered articles that discuss the design of mobile phone-based PT or mobile phone-based PT in conjunction with other technological platforms to promote PA and reduce SB. In addition, articles must be published between 2006 and 2019 and written in English to be included. The search and selection process are summarized in Figure 1.


[image: Figure 1]
FIGURE 1. The study selection workflow.




ANALYSIS AND CODING SCHEME

We coded the included articles by adapting a coding scheme that was developed and validated by (Orji and Moffatt, 2018). The coding scheme consists of the following taxonomies: the study author(s), year of publication, targeted age group, number of participants, targeted health domain (e.g., PA, SB), technology implemented [e.g., games, desktop, web, social networking sites (SNSs), mobile devices, activity trackers, etc.], duration/length of assessment (e.g., hours, days, weeks, months, and years), behavior theories implemented in the design or evaluation, motivational strategies or techniques, evaluation method (e.g., qualitative, quantitative, and mixed), country/region of a study, targeted behavioral or psychological outcomes (e.g., behavior, attitudes, motivation, awareness, and adherence), target audience, number of participants used in evaluation, and findings/results (whether successful or not). Subsequently, we analyzed the 80 articles using this coding scheme. We extended the coding sheet with an additional taxonomy: the target audience's occupation/status/health condition. Furthermore, we employed the Persuasive System Design (PSD) model (Oinas-Kukkonen and Harjumaa, 2009) in analyzing the persuasive strategies obtained from the reviewed studies. The summary of the coding sheet for the reviewed studies is shown in Appendix 1.



RESULTS

Our analysis of existing mobile phone-based PT interventions for promoting PA and discouraging SB reveals interesting trends and findings. In this section, we present our results under various categories, including trends by year and country, technology platforms used along with a mobile phone, persuasive strategies and motivational affordances, behavior theories employed, study participants and sample size, and the effectiveness of mobile phone-based PT for PA and SB.


Mobile Phone-Based PT for PA and SB by Year and Country

Figure 2 shows that a substantial number of studies on mobile phone-based PT for PA and SB emerged in 2012. There was some year-to-year fluctuation before 2011 and after 2012 and peaked in 2015 with a total of 12 studies. The year 2019 appears to have the fewest number of studies since 2012. This is because our study was conducted in the middle of 2019, while most of the publications for the year are still on the way.


[image: Figure 2]
FIGURE 2. Mobile phone-based persuasive technology (PT) for physical activity (PA) and sedentary behavior (SB) trend by year.


As shown in Figure 3, the studies are from 14 countries, with the United States attaining the highest coverage of 36%, followed by the United Kingdom, Netherlands, and Germany with 10, 9, and 6%, respectively. Belgium, Canada, Italy, Portugal, and South Korea are in the fifth place, having 4% each of all the studies.


[image: Figure 3]
FIGURE 3. Mobile phone-based persuasive technology (PT) for physical activity (PA) and sedentary behavior (SB) by study country/region.




Evaluation Outcomes of Mobile Phone-Based PT for PA and SB

Figure 4 summarizes the results from the evaluation of mobile phone-based PT for promoting PA and reducing SB reviewed in this paper. Of the 80 relevant articles, 38 (48%) reported fully successful results, and 25 (31%) reported partially successful outcomes (which is a combination of positive and negative results). Fourteen articles (18%) did not evaluate their persuasive system design. Only two studies (3%) did not specify their results, and just one (1%) of all the studies was unsuccessful at attaining its intended persuasion objective.


[image: Figure 4]
FIGURE 4. Summary results of mobile phone-based persuasive technology (PT) effectiveness in physical activity (PA) and sedentary behavior (SB).




Major Technology Platforms Employed With Mobile Phone-Based PTs for PA and SB

Figure 5 presents the major technology platforms employed along with mobile phones for persuading users to promote PA and discourage SB. The most frequently employed technology platforms used in conjunction with mobile phone-based PTs are wearable activity trackers and sensors (e.g., smartwatches, accelerometers, pedometers, sensory chairs/workstations/pillows) with a total of 35 studies (44%). This is followed by the use of mobile phone-based PTs alone with/without its embedded (built-in) sensors and cameras with 25 (31%) studies. Mobile phone-based PT in conjunction with websites and social networking sites (SNSs) is in the third place with 19 studies (24%). Mobile phone-based PTs with games ranked fourth with 15 studies (19%). This is followed by mobile phone-based PTs and ambient display, mobile phone-based PTs and desktops, and mobile phone-based PTs and other mobile handheld devices with five studies (6%), four studies (5%), and three studies (4%), respectively.


[image: Figure 5]
FIGURE 5. Persuasive technology (PT) platforms used with mobile phone-based PTs.


Figure 6 illustrates the effectiveness of the technology platforms used along with mobile phone-based PTs. Out of 35 studies that used mobile phone-based PTs along with activity trackers and sensors, 16 (46%) reported fully successful outcomes, 13 (37%) were partially successful studies, 2 (6%) did not specify their outcomes, and 4 (11%) did not evaluate their persuasive application. With respect to apps using mobile phone-based PTs alone, out of 25 studies that employed them, 12 (48%) reported fully successful outcomes, 8 (32%) were partially successful, and 5 studies (20%) did not provide evaluations. For mobile phone-based PTs with websites and SNSs, out of 19 studies that implemented them, 9 (47%) were fully successful, 3 (16%) were partially successful, 6 (32%) had no evaluation, and only 1 (5%) was unsuccessful. Out of 15 studies that employed mobile phone-based PTs along with games, 9 (60%) reported fully successful outcomes, 4 (27%) reported partially successful outcomes, 1 (7%) reported no evaluation, and only 1 (7%) was unsuccessful. For mobile phone-based PTs with ambient displays, out of five studies that used them, two (40%) were fully successful, two (40%) were partially successful, and only one (20%) had no evaluation. Out of four studies that employed mobile phone-based PTs along with desktops, three (75%) were fully successful, and only one (25%) was partially successful. Finally, only one study (33%) reported fully successful outcomes and two (67%) partially successful outcomes, out of three studies that employed mobile phone-based PTs along with other mobile handheld devices.


[image: Figure 6]
FIGURE 6. The relationship between technology platforms and effectiveness of mobile phone-based persuasive technologies (PTs).




Persuasive Strategies and Motivational Affordances

Figure 7 shows the persuasive strategies most frequently implemented to bring about desirable behavioral outcomes in the PA and/or SB domains. Tracking and self-monitoring were the most commonly used strategies in all 80 studies (100%). Personalization is the second most implemented strategy in 43 studies (54%). Reminder and goal setting ranked third and fourth most employed strategies with 36 studies (45%) and 34 studies (43%), respectively. Rewards, and other social support strategies (including those that did not explicitly belong to the PSD model such as social tags, likes, invitations, comments, chatting, sharing, etc.), ranked fifth with 32 studies (40%) for each. Praise and reduction ranked sixth and seventh with 24 studies (30%) and 22 studies (28%), respectively. Social competition, suggestion, and social comparison ranked 8th, 9th, and 10th with a total of 19 studies (24%), 18 studies (23%), and 17 studies (21%), respectively. Tunneling, simulation, and social cooperation ranked 11th with 13 studies (16%) for each. The least commonly employed strategies are punishments (negative reinforcements), verifiability, social facilitation, and self-report (feedback from users) with two studies (3%) for each, followed by rehearsal strategy, which was found in only one study (1%).


[image: Figure 7]
FIGURE 7. Persuasive strategies and frequency of use.




Comparative Effectiveness of Mobile Phone-Based PTs by Persuasive Strategies

We provide the comparative effectiveness of mobile phone-based PTs based on the persuasive strategies employed in the domains of PA and SB, as shown in Figure 8. We found that some strategies were implemented more commonly, while some strategies were more effective than others. Tracking and self-monitoring strategy was applied in 80 studies (100%), out of which 38 (48%) reported fully successful outcomes, 25 (31%) reported partially successful outcomes, 14 (18%) did not evaluate their application, 2 (3%) did not report their outcomes, and 1 (1%) reported unsuccessful outcome.


[image: Figure 8]
FIGURE 8. Comparative effectiveness by persuasive strategies.


Briefly, we identify the top 11 persuasive strategies most effective for promoting PA and reducing SB. As shown in Figure 8, out of the total studies that employed each persuasive strategy (see Persuasive Strategies and Motivational Affordances), tracking and self-monitoring ranked first with a total of 63 (79%) successful outcomes (whether fully or partially successful), followed by personalization that ranked second with 33 (77%) successful outcomes. Reminders came third with 30 (83%) successful outcomes, followed by rewards that ranked fourth with 26 (81%) successful outcomes. Other social support strategies ranked fifth with 23 (72%) successful outcomes, followed by reduction and praise, which ranked sixth with 18 (82%), and 18 (75%) successful outcomes, respectively. In addition, social competition ranked seventh with 15 (79%) successful outcomes. Furthermore, suggestion and social comparison ranked eighth, ninth with 14 (78%), and 12 (71%) successful outcomes, respectively. Tunneling ranked 10th with 10 (77%) successful outcomes, followed by simulation, tailoring, and social cooperation, which ranked 11th with 9 (69%), 9 (82%), and 9 (69%), respectively.



Behavior Theories Employed

As shown in Figure 9, 53 studies (66%) did not employ any behavioral/psychological theory to support their PTs design. The Social Cognitive Theory (SCT) and Transtheoretical Model (TTM) were employed in eight studies (10%). The Goal Setting Theory (GST) and Self-Determination Theory (SDT) ranked third with a total of three studies (4%) for each, followed by the Theory of Self-Efficacy (TSE) and Theory of Planned Behavior (TPB), which came fourth with a total of two studies (3%) for each.


[image: Figure 9]
FIGURE 9. Behavior theories used in mobile phone-based persuasive technology (PT).


Based on our findings, 27 studies (34%) employed behavior theories to inform their PT designs, while 53 studies (66%) did not employ any theory. Appendix 1 and Figure 10 show that out of the studies that did not employ any theory, there were 40 studies (75%) reported successful outcomes (whether fully or partially successful). Moreover, 12 studies (23%) did not provide any evaluation, while 2 studies (4%) have unspecified outcomes, and only 1 study (2%) were unsuccessful, respectively. Out of the studies that employed behavior theories, 13 (48%) reported successful results, 11 (40%) reported partially successful results, and only 4 (15%) reported unsuccessful outcomes.


[image: Figure 10]
FIGURE 10. The relationship between behavior theory and the effectiveness of mobile phone-based persuasive technology (PT).




Targeted Health Behavior Domains

In this paper, we searched and selected the articles that targeted PA and/or SB. Figure 11 shows the distribution of the articles across these domains. Sixty-five studies (81%) focused on promoting PA levels, while 11 studies (14%) focused on discouraging SB. Only four studies (5%) aimed to achieve both goals.


[image: Figure 11]
FIGURE 11. Targeted health behavior domains.




Targeted Behavioral and Psychological Outcomes

Figure 12 shows the targeted behavioral and psychological outcomes of the reviewed studies. Nine different outcomes were targeted by the reviewed studies. The most commonly targeted outcome was behavior with a total of 72 studies (90%), followed by motivation with 28 studies (35%). Awareness came third with 27 studies (34%) and attitude fourth with a total of 6 studies (8%). Adherence, acceptance, and engagement were fifth with two studies (3%) for each, while social interaction and self-management were the least targeted outcomes with one study (1%) each.


[image: Figure 12]
FIGURE 12. Targeted psychological and behavioral outcomes by persuasive technology (PT).




Study Methodology Used and Outcomes

Figure 13 shows the various evaluation methods employed in the study, and Figure 14 compares the effectiveness of the PT based on the evaluation methods employed. Out of 20 studies (25%) that employed the quantitative approach for evaluating the mobile phone-based PTs, 14 (70%) reported fully successful results, 5 (25%) reported partially successful outcomes, and only 1 (5%) reported unspecified outcomes. A total of 33 (41%) of the studies employed the mix evaluation methods of quantitative and qualitative: a total of 19 (58%) reported fully successful outcomes and 14 (42%) partially successful outcomes. This is followed by studies that employed just the qualitative evaluation approach, with a total of 13 studies (16%) having the least effective outcomes. Out of the studies that employed a qualitative methodology, there were five studies (38%) reporting fully successful outcomes, six studies (46%) reported partially successful outcomes, one study (8%) reported unsuccessful outcomes, and another one study (8%) did not specify its outcomes.


[image: Figure 13]
FIGURE 13. Evaluation methodologies employed by mobile phone-based persuasive technology (PT).



[image: Figure 14]
FIGURE 14. Evaluation methods and mobile phone-based persuasive technology (PT) outcomes.


Consequently, the most common evaluation methodology employed was the mixed method (quantitative and qualitative) (41%), followed by a quantitative method (25%), and a qualitative approach (16%) in the third place. The remaining 14 articles (18%) did not evaluate their persuasive systems, as shown in Figure 13.



Study Participants and Sample Size

The number of participants (or sample size) used for the evaluation of mobile phone-based PTs for PA and SB differs considerably in the studies. The total sample size ranges from 4 to 749,010 participants, with the average number of 9,393 for all reviewed studies that evaluated their PTs.

As represented in Figure 15, 39 (49%) of all studies are targeted at adults (31–54 years old), 13 studies (16%) are targeted at young adults (18–30 years old), 10 studies (13%) did not specify their targeted audience, and 9 studies (11%) focused on older people. Teenagers and children are targeted with a total of five studies (6%) for each.


[image: Figure 15]
FIGURE 15. Targeted audience by age demographics.




Effectiveness of Mobile Phone-Based PT Based on Target Audience by Age Group

Figure 16 illustrates the effectiveness of implementing mobile phone-based PTs based on the target audience and by age group. Out of 39 studies targeted at adults, 15 (38%) reported successful outcomes, 19 (49%) reported partially successful outcomes, 2 (5%) did not specify their outcomes, 2 (5%) did not evaluate their persuasive designs, and only 1 study (3%) was unsuccessful. Out of 13 studies targeted at young adults, 11 (85%) reported fully successful outcomes, and only 2 studies (15%) did not provide evaluation outcomes. Out of nine studies targeted at the elderly, four (45%) were fully successful, three (33%) were partially successful, and two (22%) have no evaluation. Out of 10 studies that did not specify their target audience, 3 (30%) were fully successful, and 7 (70%) were partially successful. Out of five studies targeted at teenagers, three (60%) reported fully successful outcomes, one (20%) reported partially successful outcomes, and one (20%) did not report evaluation outcome. Out of five studies targeted at children, two (40%) were successful, two (40%) were partially successful, and only one (20%) had no evaluation.


[image: Figure 16]
FIGURE 16. Effectiveness of mobile phone-based persuasive technology (PT) based on target audience.




Target Audience by Occupation/Status/Health Condition

Figure 17 illustrates our findings in terms of the general status, occupation, or health condition of the target audience. Fifty studies (63%) of all the reviewed studies did not specify their target audiences' situations. There were seven studies (9%) targeted at office workers, four studies (5%) targeted at school students, three studies (4%) targeted at university students, and only two studies (3%) targeted at athletes. The remaining studies were targeted at a different class of people including people with multiple sclerosis, breast cancer patients, breast cancer survivors, individuals with severe mental health problems, overweight and obese individuals, nurses, medical specialists, and patients with type 2 diabetes, with a total of one study (1%) for each.


[image: Figure 17]
FIGURE 17. Audience categorization based on their status/occupation/health conditions.




Duration of Evaluation

The duration of the studies that evaluated their persuasive system designs ranged from 1 day to around 1.5 years. As shown in Figure 18, 13 studies (16%) did not report the duration of their experiments (i.e., how long it took to assess their mobile phone-based PT design). The findings show that 24 studies (30%) evaluated their designs for between 1 and 3 months, 8 studies (10%) for less than 1 month, 8 studies (10%) for less than 1 week, and 7 studies (9%) for less than 2 weeks. Six studies evaluated their designs for the duration (<1 year, within 1.5 years, and within 4–6 months) with a total of two studies (3%) per duration.


[image: Figure 18]
FIGURE 18. Duration of studies' evaluation.





DISCUSSION

This systematic review covers studies that focus on all segments of mobile phone-based PTs (such as those targeting smartphones and traditional cellular phones) for both SB and PA. We provide a comprehensive overview along with a comparison of the effectiveness of using mobile phone-based PT alone and using mobile phone-based PT along with other technology platforms. Our findings from the reviewed studies revealed that mobile phone-based PTs are effective tools for promoting PA and decreasing SB; 79% of reviewed studies reported successful or partially successful outcomes.

Moreover, our findings revealed that implementing mobile phone-based PT along with activity trackers and sensors is the most effective approach with a total of 29 studies (83%) of all the studies in this category reporting successful or partially successful outcomes. The second most effective approach is the use of only mobile phone-based PT along with/without inbuilt (embedded) sensors: 20 (80%) of all the studies in this category reported successful outcomes, whether fully or partially successful. Implementing mobile phones together with games ranked third in terms of their effectiveness: 13 studies (87%) reported successful outcomes, whether fully or partially successful. These results reflect the suitability of mobile phones for deploying persuasive tools, considering its ubiquitous and ever-present nature, coupled with its tracking and monitoring features (such as in-built sensors, GPS, cameras, etc.). These make mobile phones suitable for almost every environment and individuals anytime.

The top 10 most effective strategies (starting from the most effective to the least effective) are tracking/self-monitoring, personalization, goal setting, reminders, other social support strategies, praise and reduction, social competition, suggestion, social comparison, and tunneling and social cooperation. In addition, the majority of the reviewed studies targeted actual behavior change of increasing PA (81%) or decreasing sedentary lifestyle (14%), or both (5%). Others focused on increasing motivation, awareness, and attitudes. Some reviewed articles targeted other behavioral and/or psychological outcomes such as acceptance, adherence, engagement, and social interaction. Similarly, the majority of mobile phone-based PTs encourage and reinforce PA behaviors such as increasing daily step counts, practicing some moderate to vigorous intensity of PA, and frequent standing and stretching to reduce SB. Thus, mobile phone-based PT for increasing PA and decreasing SB has improved over the years and has played an essential role in promoting behavior change practices among users. Furthermore, our analysis involves classifying the persuasive strategies obtained using the PSD model by Oinas-Kukkonen and Harjumaa (2009). However, we found that some strategies were not explicitly mentioned in the PSD model [such as goal setting, punishments (negative reinforcements such as angry facial expressions and losing points), self-report (feedback from users as shown in Young, 2010; Ramanathan et al., 2012), and other social support strategies (e.g., messages, chatting, sharing, invitations, tags, and comments)]. This highlights the need to extend the design model to accommodate some emerging strategies (used in PT design) due to technological advances.

Adults and young adults are the primary users of mobile phones and wearable activity trackers (Simons et al., 2018). This explains why they are the dominant target groups for mobile phone-based PT. Generally, our findings revealed that mobile phone-based PT targeted at adults and young adults are more effective than those targeted at teenagers, children, and older adults. This may be due to the ease of assessing mobile phone-based PT by adults and young adults compared to children and older adults. Another reason may be that adults and young adults can be easily motivated to be more physically active since they are in their active years, thereby making it more likely that mobile phone-based PTs for promoting PA and reducing SB would be more effective and successful. Furthermore, most of the reviewed studies targeted at office workers and students. This is possible because these populations are more likely to have sedentary lifestyles since they sit and work on desks for hours.

Moreover, based on our findings, the majority of the reviewed studies [53 (66%)] did not employ any theory in their mobile phone-based PT designs, while few studies [27 (34%)] employed theories to inform their mobile phone-based PT designs. Therefore, due to the limited number of studies implementing theories, we could not effectively compare the effectiveness of mobile phone-based PT applying behavior theories with those that did not employ any theory. Out of the studies implementing theories, 24 studies (89%) were successful, whether fully or partially. Thus, it appears that employing behavior theories to support mobile phone-based PT improves its effectiveness toward achieving the intended goal of encouraging PA and discouraging SB, which supports previous research done by Orji et al. (2013).

Finally, our findings show the duration of evaluation of the reviewed studies that range from 1 day to 1.5 years. Only 8% of all the studies conducted longitudinal evaluations of their mobile phone-based PT with study duration ranging from 4 months to 1.5 years. Thus, it is hard to determine the long-term effects of the mobile phone-based PT (e.g., mobile phone applications) since the majority of the reviewed studies did not conduct a long-term evaluation of their PT designs.


Limitations of Existing Studies and Recommendations for Future Work

The majority of the reviewed studies employed more than one persuasive strategies, with all implementing the tracking/self-monitoring strategy. Therefore, evaluating the effectiveness of the mobile phone-based PT based on the persuasive strategy employed is complicated. This is even more complicated by the fact that most mobile-based PTs are integrated with other technology platforms such as external sensors. Furthermore, the duration of evaluation of the effectiveness of the mobile phone-based PT is usually short, with 59% of studies ranging from 1 day to 3 months, making it difficult to establish effectiveness over the long term. Thus, future research needs to focus on evaluating effectiveness over long term using a larger target audience. With respect to the demographics of the target populations, the majority of the reviewed studies were targeted at adults and young adults, which makes it difficult to determine the effectiveness of the mobile phone-based PT for other age groups. Thus, future research should target children and older adults, as well.

Moreover, studies that employed theories in their persuasive design tend to be more effective compared to those that did not use any theory. However, the majority of the reviewed studies are not based on any theories. Thus, we suggest that researchers and developers should employ behavior change theories to inform their persuasive designs. We also recommend that they illustrate how the theories employed are linked to the design features.

Finally, based on our findings, the mixed method (i.e., quantitative and qualitative) of evaluation is the dominant method. This is plausible, considering its ability to reveal both quantitative and qualitative outcomes, hence providing richer insight. Thus, we recommend that designers should employ both quantitative and qualitative methods to achieve a comprehensive evaluation of the persuasive systems.




CONCLUSION

This paper presents a systematic review of the effectiveness of mobile phone-based PT in promoting PA and discouraging SB among the target audience. Based on the analysis of 80 studies, the paper highlights trends in the mobile-based PTs in the domain of PA and SB, including technology platforms implemented along with the mobile phone, the behavior change theories, and the persuasive strategies employed. Finally, based on our findings, we discussed some strengths and weaknesses of existing mobile phone-based PT interventions for motivating PA and discouraging SB, and offered suggestions that inform future research in these areas.
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