
 

 

 
 

 

Edinburgh Research Explorer 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The effect of smartphone application interventions on physical
activity level among university/college students

Citation for published version:
Wibowo, RA, Kelly, P & Baker, G 2020, 'The effect of smartphone application interventions on physical
activity level among university/college students: A systematic review protocol', Physical Therapy Reviews.
https://doi.org/10.1080/10833196.2020.1756125

Digital Object Identifier (DOI):
10.1080/10833196.2020.1756125

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Peer reviewed version

Published In:
Physical Therapy Reviews

Publisher Rights Statement:
This is an Accepted Manuscript of an article published by Taylor & Francis in Physical Therapy Reviews on 28
Apr 2020, available online: https://www.tandfonline.com/doi/full/10.1080/10833196.2020.1756125.

General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 26. May. 2023

https://doi.org/10.1080/10833196.2020.1756125
https://doi.org/10.1080/10833196.2020.1756125
https://www.research.ed.ac.uk/en/publications/221f90f5-23bc-4169-9154-ef3db4ae165e


Physical Therapy ReviewsPhysical Therapy Reviews
The Effect of Smartphone Application Interventions on Physical Activity LevelThe Effect of Smartphone Application Interventions on Physical Activity Level

Among University/College Students: A Systematic Review ProtocolAmong University/College Students: A Systematic Review Protocol
--Manuscript Draft--

Manuscript Number:Manuscript Number: PTR-007-730R2

Full Title:Full Title: The Effect of Smartphone Application Interventions on Physical Activity Level Among
University/College Students: A Systematic Review Protocol

Article Type:Article Type: Systematic Review

Keywords:Keywords: exercise; m-health; physical activity; smartphone applications; university students

Corresponding Author:Corresponding Author: Rakhmat Ari Wibowo, M.D.
Universitas Gadjah Mada
INDONESIA

Corresponding Author SecondaryCorresponding Author Secondary
Information:Information:

Corresponding Author 's Institution:Corresponding Author 's Institution: Universitas Gadjah Mada

Corresponding Author 's SecondaryCorresponding Author 's Secondary
Institution:Institution:

First Author:First Author: Rakhmat Ari Wibowo, M.D.

First Author Secondary Information:First Author Secondary Information:

Order of Authors:Order of Authors: Rakhmat Ari Wibowo, M.D.

Paul Kelly

Graham Baker

Order of Authors SecondaryOrder of Authors Secondary
Information:Information:

Abstract:Abstract: Introduction: Strong evidence has shown the benefits of engagement in recommended
amount of physical activity. However, it is estimated that nearly half of university students
do not participate in sufficient amount of physical activity. While entering university life is a
transitional stage important for adopting a particular lifestyle, it is crucial to develop and
implement novel strategies to promote physical activity among this population. A
smartphone application is a potential media for delivering physical activity intervention.
However, recent reviews in this area have demonstrated high levels of heterogeneity,
potentially due to population diversity. To date there has been no attempt to synthesize
the literature assessing the effectiveness of this particular intervention in university
students.
Aim: The primary aim of this review is to investigate the effectiveness of smartphone
application intervention on physical activity level among university students. The
secondary aim is examining the behavior change technique elements of smartphone
applications used in available studies.
Methods: Sixteen electronic databases will be searched for randomized controlled trials
and quasi-experimental studies reporting the effect of smartphone application intervention
on physical activity outcomes among university students. Two reviewers will
independently screen the potential studies and extract data from included studies. Active
elements of smartphone applications used in included studies will be coded using the
Behavior Change Technique taxonomy v1. Risk of bias and quality of evidence of
individual studies will be assessed. The overall evidence will be presented in a narrative
synthesis and quantitative synthesis.

Funding Information:Funding Information: LPDP (Indonesia Endowment Fund for
Education)
(201803120412571)

Mr Rakhmat Ari Wibowo

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



 
1 

The Effect of Smartphone Application Intervention on Physical 1 

Activity Level Among University/College Students: A Systematic 2 

Review Protocol 3 

Introduction: Strong evidence has shown the benefits of engagement in 4 

recommended amount of physical activity. However, it is estimated that nearly half 5 

of university students do not participate in sufficient amount of physical activity. 6 

While entering university life is a transitional stage important for adopting a 7 

particular lifestyle, it is crucial to develop and implement novel strategies to 8 

promote physical activity among this population. A smartphone application is a 9 

potential media for delivering physical activity intervention. However, recent 10 

reviews in this area have demonstrated high levels of heterogeneity, potentially due 11 

to population diversity. To date there has been no attempt to synthesize the 12 

literature assessing the effectiveness of this particular intervention in university 13 

students. 14 

Aim: The primary aim of this review is to investigate the effectiveness of 15 

smartphone application intervention on physical activity level among university 16 

students. The secondary aim is examining the behavior change technique elements 17 

of smartphone applications used in available studies.  18 

Methods: Sixteen electronic databases will be searched for randomized controlled 19 

trials and quasi-experimental studies reporting the effect of smartphone application 20 

intervention on physical activity outcomes among university students. Two 21 

reviewers will independently screen the potential studies and extract data from 22 

included studies. Active elements of smartphone applications used in included 23 

studies will be coded using the Behavior Change Technique taxonomy v1. Risk of 24 

bias and quality of evidence of individual studies will be assessed. The overall 25 

evidence will be presented in a narrative synthesis and quantitative synthesis. 26 

Keywords: exercise; m-health; physical activity; smartphone applications; 27 

university students 28 
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Introduction 31 

Several studies have shown the health benefits of sufficient levels of physical activity 32 

(PA) for people of all ages [1,2]. They have demonstrated the role of PA in both 33 

prevention and treatment of several non-communicable diseases, such as coronary heart 34 

disease, hypertension, stroke, certain cancers, as well as mental health disorders such as 35 

depression and anxiety. Since maintaining and restoring functional ability throughout the 36 

lifespan are the aims of physical therapy, physical activity is an important aspect of 37 

physical therapy [3]. The World Health Organization [4] recommends that adults should 38 

engage in at least 150 minutes of moderate-intensity PA or 75 minutes of vigorous-39 

intensity PA throughout the week which could be accumulated from at least 10 minutes 40 

bouts of PA. This amount is equivalent to 7000 steps/day [5] or 600 MET.minutes/week 41 

[6]. 42 

Performing an insufficient amount of PA is referred to as physical inactivity [7]. 43 

Nowadays, physical inactivity becomes the fourth leading risk factor of mortality [8]. 44 

Almost one in three adults are not meeting the minimum recommendation for PA [9]. The 45 

problems of physical inactivity are striking among university students. Nearly 50% of 46 

university students are physically inactive [10]. Entering a university is considered as a 47 

transitional life stage when students begin to make their own decision for adopting a 48 

lifestyle in later life [11]. Thus, it is crucial to develop and implement novel strategies to 49 

promote PA among university students. 50 

A smartphone could be leveraged as a communication channel for delivering PA 51 

intervention to university students. The number of smartphone users is rapidly growing, 52 

which was projected to reach 48% of adults by 2021 [12]. According to Statista [13], 53 

young adults have the highest engagement to smartphone applications among all age 54 
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group. Since over than 75% of university students are young adults aged 17-27 years [14], 55 

a smartphone application could get high engagement from this population. 56 

Smartphone applications promoting physical activity are software developed for 57 

consumer mobile electronic devices, such as smartphones and tablets, which aim to 58 

motivate PA behavior. These applications, including fitness-specific applications, gaming 59 

applications, or social media applications, could provide individually tailored PA 60 

intervention containing behavior change techniques (BCTs) [15]. The applications could 61 

promote PA behavior since they could contain BCTs which were associated with PA 62 

intervention effectiveness, such as a combination of self-monitoring and goal setting, 63 

feedback on performance, or other behavior change techniques from control-theory [16, 64 

17, 18, 19, 20]. 65 

Previous literature reviews provide evidence of promising results of smartphone 66 

applications for promoting PA behavior [21, 22, 23, 24, 25]. Evidence from non-67 

randomized controlled trials found that smartphone apps could either increase PA, 68 

decrease PA, or prevent PA decline [21]. Romeo et al. [25] conducted a subgroup analysis 69 

on healthy adult across all ages that resulted in a small, inconclusive and high 70 

heterogeneous result (mean difference= +649,54 steps per day, 95% CI -822.66 to 71 

21221.74, I2 80%). Heterogeneous and inconclusive results from previous systematic 72 

reviews could be attributable, in part, to various population.  73 

To date, there has been no attempt to synthesize the literature assessing the 74 

effectiveness of this particular intervention in university students. Craig et al. [26] 75 

suggested that identifying the BCT component of complex intervention, including 76 

physical activity intervention, could help in understanding the effectiveness of the 77 

intervention. However, there has been no attempt to describe BCTs utilized in the 78 

available studies of PA intervention incorporating smartphone applications. 79 
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Aims of review 80 

This systematic review will investigate the effectiveness of PA intervention 81 

utilizing smartphone applications among university students. In addition, the secondary 82 

aim of this review is examining the behavior change techniques (BCTs) used in available 83 

studies. 84 

Methods 85 

This systematic review protocol has been reported using the Preferred Reporting Items 86 

for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) guidelines [27] and 87 

has been registered in the International Prospective Registers of Systematic Reviews 88 

(PROSPERO) (registration number CRD42019137417). 89 

Eligibility criteria 90 

Participants 91 

Studies will be eligible for inclusion if they were conducted in healthy university students, 92 

or young adults aged 18-35 years old with tertiary education level. Studies with 93 

participants characterized by intellectual or marked cognitive impairments or with a 94 

severe mobility disorder and chronic diseases, or trained athletes will be excluded. Studies 95 

recruiting university staff or other general populations will be considered to be included 96 

if their average age was in young adult age range (considered as 18-35 years) and more 97 

than 70% of their participants were university students, or they presented results of sub-98 

group analysis allowing data from university students to be extracted. Primary reviewer 99 

will contact the author(s) of potential studies if they did not provide a clear proportion of 100 

university students or if they could provide the subgroup analysis on university students. 101 

Only studies measuring PA at an individual level will be included. 102 
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Intervention 103 

Studies incorporating smartphone applications as an intervention targeting either physical 104 

activity as a single target behavior or physical activity as a part of multiple target behavior 105 

will be included. Short text message application or web-based intervention will be 106 

excluded since smartphone apps could contain more comprehensive and interactive 107 

components [20]. 108 

Comparator 109 

For inclusion in the review, studies had to compare physical activity intervention 110 

incorporating smartphone application to other kinds of physical activity intervention, 111 

including usual care such as physical activity promotion brochure, or to studies 112 

incorporating smartphone app which do not have a physical activity component, or to 113 

conditions without any intervention such as waiting-list control. 114 

Outcome measures 115 

Primary outcomes: Studies that either objectively or subjectively assess change between 116 

baseline and follow-up for PA level will be included. PA level could be expressed as an 117 

estimate of total energy expenditure (kcal/kg/week or kcal/week or MET.minutes/week), 118 

minutes completed or energy expensed at a moderate-vigorous physical activity (MVPA), 119 

the number of steps, or walking distance.  120 

Secondary outcomes: As suggested by the CONSORT-EHEALTH checklist [28], the 121 

secondary outcomes of this review will include data relevant to participants’ perception 122 

of interventions, engagement and usage rates of the app if possible. 123 
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Information sources and search strategy 124 

A systematic search will be conducted on 16 electronic databases (Table 1); by two 125 

independent reviewers. In brief, the search strategy will combine indexed terms and free 126 

terms for the population ([{university OR college OR first-year OR university-age OR 127 

college-age OR higher education OR post-secondary OR tertiary education OR medical 128 

OR dentist OR nursing OR pharmacist} AND {age OR year OR student*] OR young 129 

adult), intervention ([physical activity OR PA education OR health education OR PA 130 

Promotion OR physical education OR health promotion OR exercise OR weight loss } 131 

AND {smartphone OR assess OR smart-phone OR mobile phone OR mobile device OR 132 

cell phone OR mobile OR m-health OR android OR iPhone OR app OR application OR 133 

digital). 134 

We will also search for current and ongoing trials such as the World Health 135 

Organization – International Clinical Trials Registry Platform (WHO ITCRP) and 136 

ClinicalTrials.gov. Then, we will contact the authors for any unpublished results. 137 

We will amend the search strategy used for MEDLINE (OVID) where necessary 138 

to search the other databases listed (Appendix 1). We will apply no language restriction 139 

to the searches. However, articles which were published in non-English language should 140 

have abstracts or titles in English. We will include such studies with English abstracts 141 

into the analysis if they can be easily translated into English using Google Translate. 142 

Studies with English headings or abstracts, but that cannot be translated into English, will 143 

remain as appendices. 144 

Reference lists and links from PubMed of all primary studies and review articles 145 

will be checked for additional references. We will contact authors of identified primary 146 

studies for other published and unpublished studies which meet the review inclusion 147 

criteria as well as ongoing trials and relevant publications in press.  148 
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Data management 149 

Having conducted the search strategy described above, the primary authors (RAW) will 150 

import the results from all literature searches into Endnote software and will remove 151 

duplicates using the software and manually remove any other duplicates. 152 

Selection process 153 

From scoping searches, several thousand citations are expected to be identified with the 154 

initial search strategy. The primary author (RAW) and second author (BN) will 155 

independently screen these titles and abstracts manually to exclude studies which do not 156 

meet the inclusion criteria. They will then screen the full-text of those studies to identify 157 

a final set of eligible studies. The second author (BN) will screen at least 10% of the 158 

potential studies. RAW and BN will also identify and record reasons for exclusion of the 159 

excluded studies. They will resolve any disagreements through discussion with 160 

involvement from a third author (GB) if required. The primary author (RAW) will record 161 

the selection process to complete a PRISMA flow diagram and “Characteristics of 162 

excluded studies” table. 163 

Data extraction 164 

Two authors (RAW and BN) will independently extract the following study 165 

characteristics (Table 2) from included studies according to the Consolidated Standards 166 

of Reporting Trials-EHEALTH (CONSORT-EHEALTH) checklist [28] into Excel using 167 

a data extraction form. 168 

Data items 169 

Two authors (RAW and BN) will independently code and extract items, except behavior 170 

change techniques (BCTs), using the following categories (Table 2). 171 
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Two authors (RAW and GB) will identify and code BCTs for all interventions 172 

using the BCT Taxonomy v1 [29]. This taxonomy was developed to help researchers in 173 

precisely characterizing and reporting the active contents of a behavior change 174 

intervention [29]. Containing 93 BCTs clustered into 16 groups, this taxonomy could be 175 

used to specify interventions [29]. The included studies which did not report outcome 176 

data in a useable way will be noted in the “Characteristics of included studies” table. 177 

Risk of bias in individual studies 178 

Two authors (RAW and GB) will assess the risk of bias for all eligible studies using the 179 

Cochrane Collaboration’s tool for assessing the risk of bias in primary RCTs [30] and the 180 

Risk Of Bias In Non-randomized Studies - of Interventions (ROBINS-I) tools for 181 

assessing the risk of bias in primary Quasi-Experimental studies [31]. The author will 182 

present a “Risk of bias” table for each study. 183 

We will assess the primary RCT studies based on the quality of the random 184 

sequence generation, allocation concealment, blinding of outcome assessment, 185 

completeness of data and handling of incomplete data, the presence of reporting bias and 186 

other potential sources of bias including the validity of outcome measures, intention-to-187 

treat analysis approach and comparability of groups at baseline [30,32]. We will not 188 

assess the primary RCT studies on whether participants and personnel were blinded to 189 

their group allocation since this would not be appropriate for a physical activity 190 

intervention study. We will rate each domain in the Cochrane Risk of Bias tool as “high” 191 

or “low” risk of bias if sufficient information is available. If there is a lack of information, 192 

we will rate the domain as “unclear.” 193 

We will assess quasi-experimental studies using ROBINS-I tool based on seven 194 

domains: bias due to confounding, bias in selection of participants into the study, 195 

misclassification bias, performance bias, attrition bias, detection bias, and reporting bias 196 
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[31]. We will rate each domain in the ROBINS-I tool as “Low,” “Moderate,” “Serious,” 197 

or “Critical” risk of bias if sufficient information is available. If there is a lack of 198 

information on whether bias might be present in a domain, we will rate it as “No 199 

information.” 200 

Measures of treatment effect 201 

For each study with dichotomous outcomes such as outcome categorized by the 202 

achievement of the recommended level of PA, we will calculate the effect size using an 203 

odds ratio (OR) and confidence interval (CI). For each study with continuous outcomes 204 

such as average energy expenditure, we will calculate the effect size using the mean 205 

difference (MD) if same measurement scale was used across the studies, and the 206 

standardized mean difference (SMD) if different measurement scale was used across the 207 

studies. We will interpret the treatment effect using a threshold of 675 208 

MET.minutes/week or 3278 steps/day as minimally important difference for physical 209 

activity outcome [33, 34, 35]. 210 

Dealing with missing data 211 

Primary author (RAW) will contact the original investigator of potentially included 212 

studies to request missing or unclear data. Missing data will be captured in the data 213 

extraction form and reported in the “Risk of bias” table. We will utilize the outcome from 214 

the longest period of follow up if an included study reported an outcome measure at more 215 

than one-time point. 216 

Assessment of heterogeneity 217 

We will assess the heterogeneity by examining the forest plot and calculating I2 with 218 

upper limits of 25, 50, and 75 for low, moderate, and high heterogeneity, respectively 219 
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[36].  220 

Assessment of reporting bias 221 

We will present a funnel plot to assess reporting bias if there are sufficient eligible studies 222 

(10 or more). 223 

Data synthesis 224 

First, the primary author (RAW) will present a narrative summary of the study results in 225 

PA outcome structured around the type of the comparator, the type of the outcomes, and 226 

the type of BCTs used. Then, we will conduct meta-analyses to generate an average mean 227 

change in PA from the pooling of studies. We will utilize a random-effect model to 228 

anticipate study heterogeneity because of the high variance of intervention designs. If 229 

appropriate, the outcome meta-analyzed in this review will be the mean change in PA 230 

level either reported as time spent in total PA or MVPA, total energy expenditure, step 231 

count, or walking distance. The mean difference (MD) will be calculated when the same 232 

measurement scale was used across the eligible studies. On the other hand, we will 233 

calculate the standardized mean difference (SMD) when different measurement scale was 234 

used across the eligible studies. The SMD will be interpreted using thresholds of 0.2, 0.5, 235 

and 0.8 as a small effect size, medium effect size, and large effect size, respectively, as 236 

suggested by Cohen [37].  237 

Subgroup and sensitivity analysis 238 

We will perform subgroup analyses where appropriate and possible, to compare studies 239 

that target single versus multiple behavior, RCTs versus quasi-experimental studies, 240 

studies in healthy weight versus overweight [38], studies comparing smartphone apps 241 

intervention with other kinds of intervention versus studies comparing smartphone apps 242 
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intervention with no intervention, studies with duration of 6 months or below versus 243 

longer than 6 months, and studies in male versus female [39]. 244 

We will perform a sensitivity analysis for studies that included university staffs, 245 

postgraduate students, Ph.D. students or young adults with low education level versus 246 

studies that only include undergraduate students because the age of participants and 247 

education level could influence the effectiveness of m-health intervention [40, 41]. We 248 

will also exclude studies delivering smartphone intervention with co-intervention in 249 

sensitivity analyses to isolate the effectiveness of smartphone intervention as a single 250 

intervention. Studies delivering intervention specifically for sports students will also be 251 

excluded in sensitivity analyses since sports students could have different motivation in 252 

sport participation than students in other faculties [42]. We will also conduct sensitivity 253 

analysis to assess the robustness of meta-analytic for study with a low risk of bias by 254 

conducting a meta-analysis with all eligible studies and another analysis which excludes 255 

studies with a high risk of bias. 256 

Confidence in cumulative evidence 257 

We will assess the quality of evidence for primary outcomes using the Grading of 258 

Recommendation, Assessment, Development and Evaluation (GRADE) approach [36]. 259 

Discussion 260 

University students represent an important population to target for PA intervention 261 

because this age group typically do not meet physical activity guidelines [10]. 262 

Furthermore, the transition to university represents a critical period for adopting a 263 

particular lifestyle [11]. As far as we are aware, there has been no attempt to synthesize 264 

the literature exclusively assessing the effect of smartphone applications on physical 265 

activity level among university students. This review will be the first to evaluate the 266 
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effectiveness of physical activity intervention incorporating smartphone application in 267 

populations of university students. If there are sufficient homogenous data to conduct 268 

meta-analyses, this review will provide evidence for stakeholders regarding the expected 269 

effect size associated with the intervention. This review will also present the BCTs used 270 

in the available studies. Thus, this review will provide evidence for considering PA 271 

intervention incorporating smartphone application and considering the inclusion of BCT 272 

components in smartphone applications for promoting PA among university students. If 273 

our meta-analyses will result in positive effects, this review will support the inclusion of 274 

smartphone application in PA intervention as a novel strategy to reduce the problems of 275 

physical inactivity among university students which have not change in recent years [43, 276 

44, 45, 46]. 277 
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Appendix – Medline(OVID) Search Strategy 424 

This is the search strategy for Medline(OVID) database that will be adapted to fit the 425 

other 15 databases. The exact search for each of the databases will be available on request 426 

from the corresponding author. 427 

Concept 1: Randomized Controlled Trial and Quasi-Experimental 428 

1. Randomized Controlled Trials as Topic/  429 

2. randomized controlled trial/  430 

3. Random Allocation/  431 

4. Double Blind Method/  432 

5. Single Blind Method/  433 

6. clinical trial/  434 

7. clinical trial, phase i.pt.  435 

8. clinical trial, phase ii.pt.  436 

9. clinical trial, phase iii.pt.  437 

10. clinical trial, phase iv.pt.  438 

11. controlled clinical trial.pt.  439 

12. randomized controlled trial.pt.  440 

13. multicenter study.pt.  441 

14. clinical trial.pt.  442 
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15. exp Clinical Trials as topic/  443 

16. or/1-15  444 

17. (clinical adj trial$).tw.  445 

18. ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw.  446 

19. PLACEBOS/  447 

20. placebo$.tw.  448 

21. randomly allocated.tw.  449 

22. (allocated adj2 random$).tw.  450 

23. or/17-22  451 

24. 16 or 23  452 

25. case report.tw.  453 

26. letter/  454 

27. historical article/  455 

28. or/25-27  456 

29. 24 not 28  457 

Concept 2:   Population – University students / Young adults 458 

30. exp Young Adult/  459 

31. exp Universities/  460 
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32. education, dental/ or exp education, medical/ or exp education, medical, continuing/ 461 

or exp education, medical, graduate/ or exp education, medical, undergraduate/ or exp 462 

teaching rounds/ or exp education, nursing/ or exp education, pharmacy/ or exp 463 

education, public health professional/ 464 

33. exp students, health occupations/ or exp students, dental/ or exp students, medical/ 465 

or exp students, nursing/ or exp students, pharmacy/ or exp students, premedical/ or exp 466 

students, public health/  467 

34. (universit* or college or young male* or young female* or freshman or 468 

undergraduate* or higher education or tertiary education or medical student* or nursing 469 

student* or dental student* or pharmacy student*).ti,ab.  470 

35. 30 or 31 or 32 or 33 or 34  471 

Concept 3:   Outcome – Physical Activity 472 

36. exp Exercise/  473 

37. exp Physical Exertion/  474 

38. exp Physical Fitness/  475 

39. exp Sports/  476 

40. exp Weight Loss/ 477 

41. (physical activit* or exercise* or active living or active lifestyle or walk* or cycling 478 

or running or active transport* or leisure activit* or fitness or weight loss or weight*loss 479 

or weight reduction or weight maintenance or maintaining weight or weight 480 

management or pedometer or accelerometer or IPAQ or GPAQ).ti,ab.  481 

42. 36 or 37 or 38 or 39 or 40 or 41  482 

Concept 4:   Intervention – Smartphone applications 483 

43. exp Telemedicine/  484 

44. exp Smartphone/  485 
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45. exp Cell Phone/  486 

46. exp Mobile Applications/  487 

47. exp Video Games/  488 

48. (smart phone* or smartphone* or smart-phone* or cell*phone* or cell-phone* or 489 

mobile phone* or mobile-phone or mobile device or mobile telephone* or i*Phone* or 490 

android* or iOS or mobile health or mhealth or m-health or app or apps or mobile 491 

application* or exergam* or gamification* or wearable).ti,ab.  492 

49. exp Wearable Electronic Devices/  493 

50. 43 or 44 or 45 or 46 or 47 or 48 or 49 494 

Combined  495 

51. 29 and 35 and 42 and 50  496 

 497 

Search results were limited to year of publication from 2007 to present since the first 498 

smartphone was launched in 2007. 499 

52. limit 51 to yr="2007 -Current" 500 

501 
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Table 1. List of databases 502 

No Database 

1 Cochrane Central Register of Controlled Trials (CENTRAL) 

2 MEDLINE (Ovid) 

3 Embase (Ovid) 

4 The Cumulative Index to Nursing and Allied Health Literature (CINAHL) 

(EBSCO) 

5 Web of Science (Clarivate) 

6 Scopus (Elsevier) 

7 PsycINFO (Ovid) 

8 SPORTDiscus (EBSCO) 

9 SCISearch 

10 ACM Digital Library 

11 IEEE Xplore Digital Library 

12 Pubmed 

13 OpenGrey 

14 GreySource 

15 The Grey Literature Report 

16 Proquest Dissertations 

 503 

Table 2. Data extraction table 504 

Categories Extraction Items 

General Author(s); title; funding source(s) 

Method Design: objectives of the study; target behavior(s); duration of 

the study; study location; recruitment setting, date of study 

 Participants: population characteristics, inclusion and 

exclusion criteria; number of participants; age, gender, weight 

status, socio-demographic information 

Intervention Frequency and length of sessions; intervention duration; 

intervention setting; intervention provider; access of the 

application; behavioral change techniques; mode of delivery, 

components of the intervention; theoretical framework, the use 

of prompts/reminders, co-interventions 

Outcomes Measurement unit; Measurement type; measurement tool; 

follow-up duration and frequency; mean and standard 

deviation at baseline, post-intervention, and follow up; effect 

size; attrition rate/diagram; participants’ perception of 

interventions, engagement and usage rates of the app 
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The Effect of Smartphone Application Intervention on Physical 30 

Activity Level Among University/College Students: A Systematic 31 

Review Protocol 32 

Introduction: Strong evidence has shown the benefits of engagement in 33 

recommended amount of physical activity. However, it is estimated that nearly half 34 

of university students do not participate in sufficient amount of physical activity. 35 

While entering university life is a transitional stage important for adopting a 36 

particular lifestyle, it is crucial to develop and implement novel strategies to 37 

promote physical activity among this population. A smartphone application is a 38 

potential media for delivering physical activity intervention. However, recent 39 

reviews in this area have demonstrated high levels of heterogeneity, potentially due 40 

to population diversity. To date there has been no attempt to synthesize the 41 

literature assessing the effectiveness of this particular intervention in university 42 

students. 43 

Aim: The primary aim of this review is to investigate the effectiveness of 44 

smartphone application intervention on physical activity level among university 45 

students. The secondary aim is examining the behavior change technique elements 46 

of smartphone applications used in available studies.  47 

Methods: Sixteen electronic databases will be searched for randomized controlled 48 

trials and quasi-experimental studies reporting the effect of smartphone application 49 

intervention on physical activity outcomes among university students. Two 50 

reviewers will independently screen the potential studies and extract data from 51 

included studies. Active elements of smartphone applications used in included 52 

studies will be coded using the Behavior Change Technique taxonomy v1. Risk of 53 

bias and quality of evidence of individual studies will be assessed. The overall 54 

evidence will be presented in a narrative synthesis and quantitative synthesis. 55 

Keywords: exercise; m-health; physical activity; smartphone applications; 56 

university students 57 

 58 

 59 
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Introduction 60 

Several studies have shown the health benefits of sufficient levels of physical activity 61 

(PA) for people of all ages [1,2]. They have demonstrated the role of PA in both 62 

prevention and treatment of several non-communicable diseases, such as coronary heart 63 

disease, hypertension, stroke, certain cancers, as well as mental health disorders such as 64 

depression and anxiety. Since maintaining and restoring functional ability throughout the 65 

lifespan are the aims of physical therapy, physical activity is an important aspect of 66 

physical therapy [3]. The World Health Organization [4] recommends that adults should 67 

engage in at least 150 minutes of moderate-intensity PA or 75 minutes of vigorous-68 

intensity PA throughout the week which could be accumulated from at least 10 minutes 69 

bouts of PA. This amount is equivalent to 7000 steps/day [5] or 600 MET.minutes/week 70 

[6]. 71 

Performing an insufficient amount of PA is referred to as physical inactivity [7]. 72 

Nowadays, physical inactivity becomes the fourth leading risk factor of mortality [8]. 73 

Almost one in three adults are not meeting the minimum recommendation for PA [9]. The 74 

problems of physical inactivity are striking among university students. Nearly 50% of 75 

university students are physically inactive [10]. Entering a university is considered as a 76 

transitional life stage when students begin to make their own decision for adopting a 77 

lifestyle in later life [11]. Thus, it is crucial to develop and implement novel strategies to 78 

promote PA among university students. 79 

A smartphone could be leveraged as a communication channel for delivering PA 80 

intervention to university students. The number of smartphone users is rapidly growing, 81 

which was projected to reach 48% of adults by 2021 [12]. According to Statista [13], 82 

young adults have the highest engagement to smartphone applications among all age 83 
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group. Since over than 75% of university students are young adults aged 17-27 years [14], 84 

a smartphone application could get high engagement from this population. 85 

Smartphone applications promoting physical activity are software developed for 86 

consumer mobile electronic devices, such as smartphones and tablets, which aim to 87 

motivate PA behavior. These applications, including fitness-specific applications, gaming 88 

applications, or social media applications, could provide individually tailored PA 89 

intervention containing behavior change techniques (BCTs) [15]. The applications could 90 

promote PA behavior since they could contain BCTs which were associated with PA 91 

intervention effectiveness, such as a combination of self-monitoring and goal setting, 92 

feedback on performance, or other behavior change techniques from control-theory [16, 93 

17, 18, 19, 20]. 94 

Previous literature reviews provide evidence of promising results of smartphone 95 

applications for promoting PA behavior [21, 22, 23, 24, 25]. Evidence from non-96 

randomized controlled trials found that smartphone apps could either increase PA, 97 

decrease PA, or prevent PA decline [21]. Romeo et al. [25] conducted a subgroup analysis 98 

on healthy adult across all ages that resulted in a small, inconclusive and high 99 

heterogeneous result (mean difference= +649,54 steps per day, 95% CI -822.66 to 100 

21221.74, I2 80%). Heterogeneous and inconclusive results from previous systematic 101 

reviews could be attributable, in part, to various population.  102 

To date, there has been no attempt to synthesize the literature assessing the 103 

effectiveness of this particular intervention in university students. Craig et al. [26] 104 

suggested that identifying the BCT component of complex intervention, including 105 

physical activity intervention, could help in understanding the effectiveness of the 106 

intervention. However, there has been no attempt to describe BCTs utilized in the 107 

available studies of PA intervention incorporating smartphone applications. 108 
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Aims of review 109 

This systematic review will investigate the effectiveness of PA intervention 110 

utilizing smartphone applications among university students. In addition, the secondary 111 

aim of this review is examining the behavior change techniques (BCTs) used in available 112 

studies. 113 

Methods 114 

This systematic review protocol has been reported using the Preferred Reporting Items 115 

for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) guidelines [27] and 116 

has been registered in the International Prospective Registers of Systematic Reviews 117 

(PROSPERO) (registration number CRD42019137417). 118 

Eligibility criteria 119 

Participants 120 

Studies will be eligible for inclusion if they were conducted in healthy university students, 121 

or young adults aged 18-35 years old with tertiary education level. Studies with 122 

participants characterized by intellectual or marked cognitive impairments or with a 123 

severe mobility disorder and chronic diseases, or trained athletes will be excluded. Studies 124 

recruiting university staff or other general populations will be considered to be included 125 

if their average age was in young adult age range (considered as 18-35 years) and more 126 

than 70% of their participants were university students, or they presented results of sub-127 

group analysis allowing data from university students to be extracted. Primary reviewer 128 

will contact the author(s) of potential studies if they did not provide a clear proportion of 129 

university students or if they could provide the subgroup analysis on university students. 130 

Only studies measuring PA at an individual level will be included. 131 
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Intervention 132 

Studies incorporating smartphone applications as an intervention targeting either physical 133 

activity as a single target behavior or physical activity as a part of multiple target behavior 134 

will be included. Short text message application or web-based intervention will be 135 

excluded since smartphone apps could contain more comprehensive and interactive 136 

components [20]. 137 

Comparator 138 

For inclusion in the review, studies had to compare physical activity intervention 139 

incorporating smartphone application to other kinds of physical activity intervention, 140 

including usual care such as physical activity promotion brochure, or to studies 141 

incorporating smartphone app which do not have a physical activity component, or to 142 

conditions without any intervention such as waiting-list control. 143 

Outcome measures 144 

Primary outcomes: Studies that either objectively or subjectively assess change between 145 

baseline and follow-up for PA level will be included. PA level could be expressed as an 146 

estimate of total energy expenditure (kcal/kg/week or kcal/week or MET.minutes/week), 147 

minutes completed or energy expensed at a moderate-vigorous physical activity (MVPA), 148 

the number of steps, or walking distance.  149 

Secondary outcomes: As suggested by the CONSORT-EHEALTH checklist [28], the 150 

secondary outcomes of this review will include data relevant to participants’ perception 151 

of interventions, engagement and usage rates of the app if possible. 152 
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Information sources and search strategy 153 

A systematic search will be conducted on 16 electronic databases (Table 1); by two 154 

independent reviewers. In brief, the search strategy will combine indexed terms and free 155 

terms for the population ([{university OR college OR first-year OR university-age OR 156 

college-age OR higher education OR post-secondary OR tertiary education OR medical 157 

OR dentist OR nursing OR pharmacist} AND {age OR year OR student*] OR young 158 

adult), intervention ([physical activity OR PA education OR health education OR PA 159 

Promotion OR physical education OR health promotion OR exercise OR weight loss } 160 

AND {smartphone OR assess OR smart-phone OR mobile phone OR mobile device OR 161 

cell phone OR mobile OR m-health OR android OR iPhone OR app OR application OR 162 

digital). 163 

We will also search for current and ongoing trials such as the World Health 164 

Organization – International Clinical Trials Registry Platform (WHO ITCRP) and 165 

ClinicalTrials.gov. Then, we will contact the authors for any unpublished results. 166 

We will amend the search strategy used for MEDLINE (OVID) where necessary 167 

to search the other databases listed (Appendix 1). We will apply no language restriction 168 

to the searches. However, articles which were published in non-English language should 169 

have abstracts or titles in English. We will include such studies with English abstracts 170 

into the analysis if they can be easily translated into English using Google Translate. 171 

Studies with English headings or abstracts, but that cannot be translated into English, will 172 

remain as appendices. 173 

Reference lists and links from PubMed of all primary studies and review articles 174 

will be checked for additional references. We will contact authors of identified primary 175 

studies for other published and unpublished studies which meet the review inclusion 176 

criteria as well as ongoing trials and relevant publications in press.  177 
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Data management 178 

Having conducted the search strategy described above, the primary authors (RAW) will 179 

import the results from all literature searches into Endnote software and will remove 180 

duplicates using the software and manually remove any other duplicates. 181 

Selection process 182 

From scoping searches, several thousand citations are expected to be identified with the 183 

initial search strategy. The primary author (RAW) and second author (BN) will 184 

independently screen these titles and abstracts manually to exclude studies which do not 185 

meet the inclusion criteria. They will then screen the full-text of those studies to identify 186 

a final set of eligible studies. The second author (BN) will screen at least 10% of the 187 

potential studies. RAW and BN will also identify and record reasons for exclusion of the 188 

excluded studies. They will resolve any disagreements through discussion with 189 

involvement from a third author (GB) if required. The primary author (RAW) will record 190 

the selection process to complete a PRISMA flow diagram and “Characteristics of 191 

excluded studies” table. 192 

Data extraction 193 

Two authors (RAW and BN) will independently extract the following study 194 

characteristics (Table 2) from included studies according to the Consolidated Standards 195 

of Reporting Trials-EHEALTH (CONSORT-EHEALTH) checklist [28] into Excel using 196 

a data extraction form. 197 

Data items 198 

Two authors (RAW and BN) will independently code and extract items, except behavior 199 

change techniques (BCTs), using the following categories (Table 2). 200 
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Two authors (RAW and GB) will identify and code BCTs for all interventions 201 

using the BCT Taxonomy v1 [29]. This taxonomy was developed to help researchers in 202 

precisely characterizing and reporting the active contents of a behavior change 203 

intervention [29]. Containing 93 BCTs clustered into 16 groups, this taxonomy could be 204 

used to specify interventions [29]. The included studies which did not report outcome 205 

data in a useable way will be noted in the “Characteristics of included studies” table. 206 

Risk of bias in individual studies 207 

Two authors (RAW and GB) will assess the risk of bias for all eligible studies using the 208 

Cochrane Collaboration’s tool for assessing the risk of bias in primary RCTs [30] and the 209 

Risk Of Bias In Non-randomized Studies - of Interventions (ROBINS-I) tools for 210 

assessing the risk of bias in primary Quasi-Experimental studies [31]. The author will 211 

present a “Risk of bias” table for each study. 212 

We will assess the primary RCT studies based on the quality of the random 213 

sequence generation, allocation concealment, blinding of outcome assessment, 214 

completeness of data and handling of incomplete data, the presence of reporting bias and 215 

other potential sources of bias including the validity of outcome measures, intention-to-216 

treat analysis approach and comparability of groups at baseline [30,32]. We will not 217 

assess the primary RCT studies on whether participants and personnel were blinded to 218 

their group allocation since this would not be appropriate for a physical activity 219 

intervention study. We will rate each domain in the Cochrane Risk of Bias tool as “high” 220 

or “low” risk of bias if sufficient information is available. If there is a lack of information, 221 

we will rate the domain as “unclear.” 222 

We will assess quasi-experimental studies using ROBINS-I tool based on seven 223 

domains: bias due to confounding, bias in selection of participants into the study, 224 

misclassification bias, performance bias, attrition bias, detection bias, and reporting bias 225 
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[31]. We will rate each domain in the ROBINS-I tool as “Low,” “Moderate,” “Serious,” 226 

or “Critical” risk of bias if sufficient information is available. If there is a lack of 227 

information on whether bias might be present in a domain, we will rate it as “No 228 

information.” 229 

Measures of treatment effect 230 

For each study with dichotomous outcomes such as outcome categorized by the 231 

achievement of the recommended level of PA, we will calculate the effect size using an 232 

odds ratio (OR) and confidence interval (CI). For each study with continuous outcomes 233 

such as average energy expenditure, we will calculate the effect size using the mean 234 

difference (MD) if same measurement scale was used across the studies, and the 235 

standardized mean difference (SMD) if different measurement scale was used across the 236 

studies. We will interpret the treatment effect using a threshold of 675 237 

MET.minutes/week or 3278 steps/day as minimally important difference for physical 238 

activity outcome [33, 34, 35]. 239 

Dealing with missing data 240 

Primary author (RAW) will contact the original investigator of potentially included 241 

studies to request missing or unclear data. Missing data will be captured in the data 242 

extraction form and reported in the “Risk of bias” table. We will utilize the outcome from 243 

the longest period of follow up if an included study reported an outcome measure at more 244 

than one-time point. 245 

Assessment of heterogeneity 246 

We will assess the heterogeneity by examining the forest plot and calculating I2 with 247 

upper limits of 25, 50, and 75 for low, moderate, and high heterogeneity, respectively 248 
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[36].  249 

Assessment of reporting bias 250 

We will present a funnel plot to assess reporting bias if there are sufficient eligible studies 251 

(10 or more). 252 

Data synthesis 253 

First, the primary author (RAW) will present a narrative summary of the study results in 254 

PA outcome structured around the type of the comparator, the type of the outcomes, and 255 

the type of BCTs used. Then, we will conduct meta-analyses to generate an average mean 256 

change in PA from the pooling of studies. We will utilize a random-effect model to 257 

anticipate study heterogeneity because of the high variance of intervention designs. If 258 

appropriate, the outcome meta-analyzed in this review will be the mean change in PA 259 

level either reported as time spent in total PA or MVPA, total energy expenditure, step 260 

count, or walking distance. The mean difference (MD) will be calculated when the same 261 

measurement scale was used across the eligible studies. On the other hand, we will 262 

calculate the standardized mean difference (SMD) when different measurement scale was 263 

used across the eligible studies. The SMD will be interpreted using thresholds of 0.2, 0.5, 264 

and 0.8 as a small effect size, medium effect size, and large effect size, respectively, as 265 

suggested by Cohen [37].  266 

Subgroup and sensitivity analysis 267 

We will perform subgroup analyses where appropriate and possible, to compare studies 268 

that target single versus multiple behavior, RCTs versus quasi-experimental studies, 269 

studies in healthy weight versus overweight [38], studies comparing smartphone apps 270 

intervention with other kinds of intervention versus studies comparing smartphone apps 271 
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intervention with no intervention, studies with duration of 6 months or below versus 272 

longer than 6 months, and studies in male versus female [39]. 273 

We will perform a sensitivity analysis for studies that included university staffs, 274 

postgraduate students, Ph.D. students or young adults with low education level versus 275 

studies that only include undergraduate students because the age of participants and 276 

education level could influence the effectiveness of m-health intervention [40, 41]. We 277 

will also exclude studies delivering smartphone intervention with co-intervention in 278 

sensitivity analyses to isolate the effectiveness of smartphone intervention as a single 279 

intervention. Studies delivering intervention specifically for sports students will also be 280 

excluded in sensitivity analyses since sports students could have different motivation in 281 

sport participation than students in other faculties [42]. We will also conduct sensitivity 282 

analysis to assess the robustness of meta-analytic for study with a low risk of bias by 283 

conducting a meta-analysis with all eligible studies and another analysis which excludes 284 

studies with a high risk of bias. 285 

Confidence in cumulative evidence 286 

We will assess the quality of evidence for primary outcomes using the Grading of 287 

Recommendation, Assessment, Development and Evaluation (GRADE) approach [36]. 288 

Discussion 289 

University students represent an important population to target for PA intervention 290 

because this age group typically do not meet physical activity guidelines [10]. 291 

Furthermore, the transition to university represents a critical period for adopting a 292 

particular lifestyle [11]. As far as we are aware, there has been no attempt to synthesize 293 

the literature exclusively assessing the effect of smartphone applications on physical 294 

activity level among university students. This review will be the first to evaluate the 295 
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effectiveness of physical activity intervention incorporating smartphone application in 296 

populations of university students. If there are sufficient homogenous data to conduct 297 

meta-analyses, this review will provide evidence for stakeholders regarding the expected 298 

effect size associated with the intervention. This review will also present the BCTs used 299 

in the available studies. Thus, this review will provide evidence for considering PA 300 

intervention incorporating smartphone application and considering the inclusion of BCT 301 

components in smartphone applications for promoting PA among university students. If 302 

our meta-analyses will result in positive effects, this review will support the inclusion of 303 

smartphone application in PA intervention as a novel strategy to reduce the problems of 304 

physical inactivity among university students which have not change in recent years [43, 305 

44, 45, 46]. 306 
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Appendix – Medline(OVID) Search Strategy 452 

This is the search strategy for Medline(OVID) database that will be adapted to fit the 453 

other 15 databases. The exact search for each of the databases will be available on request 454 

from the corresponding author. 455 

Concept 1: Randomized Controlled Trial and Quasi-Experimental 456 

1. Randomized Controlled Trials as Topic/  457 

2. randomized controlled trial/  458 

3. Random Allocation/  459 

4. Double Blind Method/  460 

5. Single Blind Method/  461 

6. clinical trial/  462 

7. clinical trial, phase i.pt.  463 

8. clinical trial, phase ii.pt.  464 

9. clinical trial, phase iii.pt.  465 

10. clinical trial, phase iv.pt.  466 

11. controlled clinical trial.pt.  467 

12. randomized controlled trial.pt.  468 

13. multicenter study.pt.  469 

14. clinical trial.pt.  470 
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15. exp Clinical Trials as topic/  471 

16. or/1-15  472 

17. (clinical adj trial$).tw.  473 

18. ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw.  474 

19. PLACEBOS/  475 

20. placebo$.tw.  476 

21. randomly allocated.tw.  477 

22. (allocated adj2 random$).tw.  478 

23. or/17-22  479 

24. 16 or 23  480 

25. case report.tw.  481 

26. letter/  482 

27. historical article/  483 

28. or/25-27  484 

29. 24 not 28  485 

Concept 2:   Population – University students / Young adults 486 

30. exp Young Adult/  487 

31. exp Universities/  488 
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32. education, dental/ or exp education, medical/ or exp education, medical, continuing/ 489 

or exp education, medical, graduate/ or exp education, medical, undergraduate/ or exp 490 

teaching rounds/ or exp education, nursing/ or exp education, pharmacy/ or exp 491 

education, public health professional/ 492 

33. exp students, health occupations/ or exp students, dental/ or exp students, medical/ 493 

or exp students, nursing/ or exp students, pharmacy/ or exp students, premedical/ or exp 494 

students, public health/  495 

34. (universit* or college or young male* or young female* or freshman or 496 

undergraduate* or higher education or tertiary education or medical student* or nursing 497 

student* or dental student* or pharmacy student*).ti,ab.  498 

35. 30 or 31 or 32 or 33 or 34  499 

Concept 3:   Outcome – Physical Activity 500 

36. exp Exercise/  501 

37. exp Physical Exertion/  502 

38. exp Physical Fitness/  503 

39. exp Sports/  504 

40. exp Weight Loss/ 505 

41. (physical activit* or exercise* or active living or active lifestyle or walk* or cycling 506 

or running or active transport* or leisure activit* or fitness or weight loss or weight*loss 507 

or weight reduction or weight maintenance or maintaining weight or weight 508 

management or pedometer or accelerometer or IPAQ or GPAQ).ti,ab.  509 

42. 36 or 37 or 38 or 39 or 40 or 41  510 

Concept 4:   Intervention – Smartphone applications 511 

43. exp Telemedicine/  512 

44. exp Smartphone/  513 
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45. exp Cell Phone/  514 

46. exp Mobile Applications/  515 

47. exp Video Games/  516 

48. (smart phone* or smartphone* or smart-phone* or cell*phone* or cell-phone* or 517 

mobile phone* or mobile-phone or mobile device or mobile telephone* or i*Phone* or 518 

android* or iOS or mobile health or mhealth or m-health or app or apps or mobile 519 

application* or exergam* or gamification* or wearable).ti,ab.  520 

49. exp Wearable Electronic Devices/  521 

50. 43 or 44 or 45 or 46 or 47 or 48 or 49 522 

Combined  523 

51. 29 and 35 and 42 and 50  524 

 525 

Search results were limited to year of publication from 2007 to present since the first 526 

smartphone was launched in 2007. 527 

52. limit 51 to yr="2007 -Current" 528 

529 
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Table 1. List of databases 530 

No Database 

1 Cochrane Central Register of Controlled Trials (CENTRAL) 

2 MEDLINE (Ovid) 

3 Embase (Ovid) 

4 The Cumulative Index to Nursing and Allied Health Literature (CINAHL) 

(EBSCO) 

5 Web of Science (Clarivate) 

6 Scopus (Elsevier) 

7 PsycINFO (Ovid) 

8 SPORTDiscus (EBSCO) 

9 SCISearch 

10 ACM Digital Library 

11 IEEE Xplore Digital Library 

12 Pubmed 

13 OpenGrey 

14 GreySource 

15 The Grey Literature Report 

16 Proquest Dissertations 

 531 

Table 2. Data extraction table 532 

Categories Extraction Items 

General Author(s); title; funding source(s) 

Method Design: objectives of the study; target behavior(s); duration of 

the study; study location; recruitment setting, date of study 

 Participants: population characteristics, inclusion and 

exclusion criteria; number of participants; age, gender, weight 

status, socio-demographic information 

Intervention Frequency and length of sessions; intervention duration; 

intervention setting; intervention provider; access of the 

application; behavioral change techniques; mode of delivery, 

components of the intervention; theoretical framework, the use 

of prompts/reminders, co-interventions 

Outcomes Measurement unit; Measurement type; measurement tool; 

follow-up duration and frequency; mean and standard 

deviation at baseline, post-intervention, and follow up; effect 

size; attrition rate/diagram; participants’ perception of 

interventions, engagement and usage rates of the app 

 533 

 534 



Dear Editors and Reviewers, 

 

We are grateful to the reviewers for your positive comments to our revised version.  

 

Abstract 

I am still not convinced as to the wording 'critical phase to adopt a lifestyle', please revise - 

this could be stated perhaps as a transitional life stage instead. Same applies to my later 

comment relating to the introduction. 

 

Thank you for this suggestion. We agree that the wording “transitional life stage” will be 

more appropriate than “critical phase” to represent “university stage”. However, we intended 

to emphasize that this transitional stage is an important stage for adopting lifestyle. Thus, we 

revised “critical phase” into “transitional stage”, but we kept adding a statement highlighting 

that this stage is important for adopting a particular lifestyle (line 7-9, line 47-49). 

 

Methods 

Participants 

I am still unclear as to why you are excluding sports students - and the underlying 

assumptions here - *please justify* - probably worth a sentence to clarify in the manuscript, 

or at least include the reference cited in the response? 

 

We are grateful for this suggestion. Previously, we had made a decision based on other 

authors' assumptions regarding the different motivations for sports participation among sport 

students than students in other faculties (Kondric et al., 2013). Thus, we amended our plan. 

We will not exclude sports students (line 93-95), but we will conduct a sensitivity analysis to 

test whether excluding studies specifically designed for sports students will influence the 

effectiveness of the intervention (line 251-253).  

 

Discussion 

Good to read the re-statement of the aim - suggest re-wording to aid readability - something 

like:  

University students represent an important population group to target for PA intervention, 

because this age group typically do not meet physical activity guidelines (reference needed). 

Furthermore, the transition to university represents a critical period for adopting a particular 

lifestyle (reference). 

 

We thank the reviewers for this suggestion. We are happy to revise our discussion opening. 

We think that your suggestions will improve the readability of our discussion section. Thus, 

we reword our sentences as suggested (line 261-264). 

 

Those are our responses to your feedback and comments. We appreciate any feedback you 

have given us on our manuscript. 

 

Sincerely, 

 

Authors 

 

Response to reviewer comments


