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Abstract

Background Incorporating active transportation (AT), such as walking and cycling, into daily routines is a promising
solution for meeting the World Health Organization’s physical activity recommendations and contributes to reducing
the risk of many noncommunicable diseases. Smartphone apps offer versatile platforms for embedding health behav-
ior promotion strategies to encourage AT.

Objective This scoping review aimed to provide an overview of how mobile apps are being used to promote
AT through reviews of the academic literature and commercial app stores.

Methods We searched six academic databases (Embase, Medline, Web of Science, PsychINFO, Transport Database,
and Google Scholar) for academic literature. The literature was included if it presented a developed app to promote
AT behaviors. AT promotion strategies and theories were extracted and analyzed for their impact on changing behav-
iors and behavioral intentions toward AT. Commercial apps were searched in two app stores (the Apple App Store
and the Google Play Store) across six countries, one per continent. Apps were included if they promoted and encour-
aged AT behavior. We evaluated the apps on the basis of user engagement and their quality and potential to change
behaviors, as assessed via the Mobile App Rating Scale (MARS) and the App Behavior Change Scale (ABACUS).

Results The academic literature search identified 38 articles, presenting 29 apps. All the studies that evaluated
behavioral intentions reported success in raising awareness and changing behavioral intentions. A promising strat-
egy to motivate behavior involves providing multiple relevant feedback (calories burned, money saved, time saved,
and CO2/particulate matter emissions) on behavioral impacts alongside action plans (route recommendations

and personalized travel plans). Only two apps from the literature search were publicly available. The commercial app
search identified 78 apps. Apps with high-quality engagement, functionality, aesthetics, and information presented
greater user engagement than those that did not; therefore, they were more likely to succeed.

Conclusion Mobile apps have great potential to motivate changes and be part of a comprehensive system to pro-

mote AT. Given the rapid growth of app-based interventions, leveraging mobile apps to encourage AT warrants
further exploration. Upon development, these apps should be maintained and made publicly accessible.
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Background
The World Health Organization (WHO) recommends
that adults should engage in at least 150—300 min of
moderate-intensity physical activity (PA), or 75-150 min
of vigorous-intensity PA per week to reduce the risk of
noncommunicable diseases such as coronary heart dis-
ease, type 2 diabetes, obesity, hypertension, and certain
types of cancers [1-3]. In a joint report, the Organisation
for Economic Co-operation and Development (OECD)
and the WHO Europe estimated that if everyone in the
27 EU member states met the minimum PA guidelines,
10,000 premature deaths could be prevented annually,
and by 2050, millions of cases of depression, cardiovas-
cular diseases, and cancer could be avoided [4]. Despite
robust evidence of these health benefits, insufficient PA
has been increasing and now concerns almost one-third
(31.3%) of adults globally [5]. The incorporation of active
transportation (AT), such as walking and cycling, into
daily routines is a promising solution for people to reach
the recommended 150-300 min of moderate intensity
per week. AT can also contribute to the reduction of air
pollution in the transportation sector when it replaces
personal motorized vehicles [6]. However, even though
the benefits are evident, convincing people to change
their travel behavior to favor more sustainable and active
modes of transportation is complex and challenging.

Systematic reviews have shown that mHealth programs
may be useful in achieving changes in health behaviors,
such as PA and weight loss [7-9]. The term mHealth
is defined by the WHO and the Global Observatory for
eHealth as “the use of mobile and wireless technologies to
support the achievement of health objectives” [10]. With
the wide reach of smartphones (7 billion users in 2021
[11]), mHealth has great potential to improve population
health. Smartphone apps offer flexible platforms with the
ability to incorporate tailored theory-driven interventions
in their design. In particular, a scoping review revealed
that versions of theory-driven behavior change tech-
niques (BCT) [12] have been incorporated into numerous
app-based PA promotion interventions, with promising
results [13]. Providing information about others” approval
and prompting self-monitoring were effective for children
and adolescents. Findings on the effectiveness of BCTs in
the general population are inconsistent and inconclusive
[13]. Gamification, i.e., the use of game design elements in
a nongame context [14], has shown some success in PA-
promoting smartphone apps. This is the case for example
of Pokémon Go [15], which integrates persuasive strate-
gies (closely related to behavior change principals) with a
playfulness approach [16].

Apps developed specifically to promote AT, however,
have not consistently been shown to improve PA. A wide
variety of such apps have been developed in recent years.
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Some, but not all, have been theory driven. Some stud-
ies have incorporated gamification features, as reviewed
in [17]. Others provided health information, as reviewed
in [18].

However, the extent of academic research on the use
of apps to promote AT behaviors and the quality of com-
mercial apps that are available to the public has not yet
been reviewed. The objective of this scoping review was
to provide an overview of how mobile apps are being
used to promote AT through reviews of both the aca-
demic literature and commercial app stores.

Methods

The following scoping review followed the recommenda-
tions from the Preferred Reporting Items for Systematic
Review and Meta-Analysis extension for Scoping Review
(PRISMA-ScR). This review was conducted on both the
academic literature and commercially available apps.

Literature database
Following the recommendations of Bramer et al. [19] for
biomedical and health-related literature, we searched
Embase, Medline, Web of Science, and the first 200 lit-
eratures on Google Scholar, supplemented with subject-
specific databases, PsychINFO and Transport Database.
The Ovid platform was used to search Embase, Medline,
PsychINFO, and Transport Database at the same time.
The search terms included variations in two subjects:
mobile application and AT (Table 1). Nearby operators
(e.g., searching “mobile” and “application” within two
words from each other) were used to avoid missing arti-
cles that may have used other wording. The search was
conducted on December 1, 2023. The identified articles
were imported into Covidence [20], a web-based col-
laboration software platform for systematic and literature
reviews, where they were screened. The inclusion crite-
rion was that the article presented a developed app aimed
at promoting AT behaviors. The exclusion criteria were
as follows:

+ The app solely promoted recreational PA or tourism.

+ The app considered only public transport behaviors
without AT.

+ The study presented intervention frameworks or app
designs but not implementation.

+ The study presented apps that only tracked travel
behavior (e.g., for an observational study).

+ The paper was written in a language other than Eng-
lish or French.
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Table 1 Search terms used in the six academic literature databases
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Academic literature databases  Search terms

Ovid (EMBASE, Medline,
PsychINFO, Transport Database)

(((smartphone adj2 app*) or (mobile adj2 app*) or (smartphone adj2 intervention)).ab,kf,ti.) AND (((active or soft
or sustainabl* or green) adj1 (mobility or transport* or commut* or travel*)).abkf,ti.) OR (((walk* or bik* or cycl*

or pedestrian) and (transport* or commut* or travel®)).abkf ti.)

Web of Science

(TS=(smartphone NEAR/2 app* OR mobile NEAR/2 app* OR smartphone NEAR/2 intervention)) AND ((TS=((active

or soft or sustainabl* or green) NEAR/1 (mobility or transport* or commut* or travel*))) OR (TS = ((walk* or bik*
or cycl* or pedestrian) AND (transport* or commut* or travel*))))

Google Scholar (first 200 results)

((smartphone AROUND (2) app*) OR (mobile AROUND (2) app*) OR (smartphone AROUND (2) intervention))

AND (((active OR soft OR sustainabl* OR green) AROUND (1) (mobility OR transport* OR commut* OR travel*))
OR ((walk* OR bik* OR cycl* OR pedestrian) AND (transport* OR commut* OR travel*)))

Journal articles and conference proceedings were
included. Editorials, conference abstracts, master’s
and PhD theses, review articles, comment articles,
book chapters, posters, and government reports were
excluded. When the search was completed, NS and AV
screened the titles and abstracts to be included for full-
text review and data extraction. Conflicts were discussed
with AdN until they were resolved.

First, irrelevant articles were excluded during the title
and abstract screening. The remaining articles subse-
quently underwent a full-text review, during which addi-
tional exclusion occurred due to missed duplication by
the software, incorrect publication types, incorrect popu-
lation samples, and incorrect outcomes. The remaining
articles were included, from which the following were
extracted:

« Title, author, date of publication

+ Study location

+ Name of the mobile app

+ Target population

+ AT promotion strategies integrated into the app
+ Theory base, if available

» Experimental design, if available

« Effectiveness of changing behavior, if available.

The data were then analyzed to determine which strat-
egies were employed to promote AT and, if evaluated,
were effective in achieving behavior change. The strate-
gies were coded via the most up-to-date version of the
BCT, the BCTTvl [12]. We further reported methods
to address self-selection bias and differentiate between
increased cycling and changes in travel behavior.

Mobile app stores

A mobile app search was conducted to assess the range
of publicly available AT apps, describe their features
and AT promotion strategies, and evaluate their quality.
As the most commonly used mobile operating system,

we completed our search on the Apple App Store and
Google Play Store.

With the aim of obtaining a global view of the exist-
ing apps, the search was performed in six countries:
Australia, Brazil, France, South Africa, Thailand, and
the United States, one country per continent. The fol-
lowing keywords were searched individually because the
search engines of both app stores did not allow an OR
search operator. Notably, the exact phrase search, which
searches multiple terms in precise order, was only avail-
able in the Google Play Store.

+ "Active transportation”
+ "Active mobility"

+ "Active travel"

+ Active commute

+ Transportation walk

+ Transportation bicycle
+ Commute walk

+ Commute bicycle

Two MIT-licensed node.js packages, google-play-
scraper [21], and app-store-scraper [22], were used to
perform the search. Node.js is an open-source JavaScript
run-time environment. In contrast, previous reviews of
mobile apps typically searched local app stores via com-
puters or smartphones, which require user accounts;
thus, the results could be influenced by personalization,
where app search results are provided based on the user
profile. The two packages enable rapid searches in multi-
ple countries without requiring user accounts or a virtual
private network (VPN). On January 31, 2024, searches
were conducted on the Google Play Store, followed by a
search on the Apple App Store on February 1, 2024. The
identified apps were compiled into a Microsoft Excel
spreadsheet, and duplicates were removed via app iden-
tification codes. To compile results between both plat-
forms, incomparable fields (e.g., app identification codes
and app versions) and irrelevant fields (e.g., content rat-
ing, notes of latest updates) were removed, and related
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fields were retained (i.e., titles, descriptions, app catego-
ries (store-defined sorting based on the app’s function,
purpose, or content), URLs, pricing, app review scores
(out of five), number of reviews, and country availability).
NS and AV screened the titles, descriptions, and URL
webpages to be included in the review. We included apps
that promoted and encouraged AT behavior. Apps that
were not related to transportation, were only recrea-
tional, and focused on tourism were excluded. General
transit (public transportation) apps were included only if
they included active modes. Once selected by NS and AV,
the spreadsheets were analyzed for discrepancies, and
discussions were held until an agreement was reached.
To analyze user engagement, app review scores and
the number of reviews in app stores were examined. An
estimate of app installations was only available in the
Google Play Store; therefore, it could not be used as a
determinant of user engagement. Locally available apps
in French app stores (where the search was conducted)
were evaluated further. They were downloaded onto
Android (Samsung Note 20 Ultra) and iOS (Apple iPhone
6) smartphones and tested for 10 min each. The quality
of health apps and their potential to change behaviors
were assessed by a single reviewer, NS, via two scien-
tifically developed scales: the Mobile App Rating Scale
(MARS) [23] and the App Behavior Change Scale (ABA-
CUS) [24]. The MARS evaluates the quality of an app on
a five-point scale based on four categories: engagement

Page 4 of 19

with the target audience, functionality, aesthetics, and the
quality of information. The ABACUS assesses behavior
change potential by quantifying strategies aligned with
BCTs (out of 21), categorized into knowledge and infor-
mation, goals and planning, feedback and monitoring,
and actions. Both scales have demonstrated high inter-
rater reliability, with intraclass correlation coefficient of
0.79 for MARS [23] and 0.92 for ABACUS [24], as well
as strong internal consistency, with Cronbach’s alpha
value of 0.90 for MARS [23] and 0.93 for ABACUS [24].
Additionally, the MARS training materials indicated that
the scale can be reliably applied by a single trained rater,
ensuring objective and consistent evaluations [25]. The
evaluated scores were then compared with user engage-
ment data from the app stores. Finally, the apps identified
in the literature were searched in app stores to determine
whether they were publicly available.

Results

Overall, we identified 116 unique apps, including 28 from
the literature search and 88 from the commercial app
search. We describe this in turn below.

Literature search

Overview

Shown in Fig. 1, a literature search of the Embase, Med-
line, PsyschINFO, and Transport Database on the Ovid
platform resulted in 201 unique articles. Web of Science

Ovid ’

‘ Web of Science ’

‘ Google Scholar

Database search

201

532 201

Import and duplicate removal

767 articles imported

————————————————————————————

692 articles excluded
(eligibility criteria)

Title and abstract
screening

75 titles and abtracts included

37 articles excluded
(eligibility criteria)

Full text review and
data extraction

38 articles included and extracted

Fig. 1 PRISMA flow diagram of the academic literature search
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resulted in 532 articles, 122 of which were duplicates.
The first 200 articles found on Google Scholar contained
43 duplicates. In total, 767 unique articles were identi-
fied. Among the initial 767 articles, 692 were excluded
during title and abstract screening, and an additional 37
were excluded during the full-text review. The 38 remain-
ing articles were included and extracted for details.

The 38 articles from academic journals and conferences
were published between 2012 and 2023. These articles
presented 28 unique apps, describing either the develop-
mental process and product testing or solely the app eval-
uation. The studies were conducted mainly in Europe (21
studies), four in North America, one in Asia, one in South
America, and one in Australia. Some of these papers were
different aspects of the same study; for example, Cellina
et al. developed the Bellidea app and published three
papers about the co-creation and testing of the app with a
living lab [26], the design and development of the reward
point system [27], and a study to evaluate the self-selec-
tion bias and attrition rate of app users [28].

The common goal of these studies was to deliver an app
intervention to reduce personal motorized vehicle usage
(cars and motorcycles) and promote sustainable trans-
portation, some of which focused only on AT and some
also included public transportation. The AT promotion
strategies, identified as BCTs and gamification, applied in
each app are listed in Table 2.

The most common BCT used (over nine times each)
was feedback on behavioral outcomes, such as CO2 emis-
sions avoided and calories burned, social comparisons
(e.g., leaderboards), and material rewards (e.g., financial
incentives). Gamification was incorporated into almost
half (46%) of the apps, with points and challenges being
the most common features. Combinations of strategies
are typically incorporated into app interventions.

Theories

Multiple behavior change theories were employed to
inform app intervention designs and guide the evaluation
frameworks (Table 3). The predominant theories used to
shape the intervention designs were: The Social Cognitive
Theory [64], Theory of Planned Behavior [65], and Tran-
stheoretical Model of Behavior Change [66]. The latter
two were also most frequently used to guide evaluation
designs. Other theoretical frameworks used to design the
intervention included: Social-Ecological principles [67];
Self-Determination Theory [68, 69]; Norm Activation
Model [70]; game-based theory [71]; random utility the-
ory; and Prospect Theory [72]. Additionally, [26] and [47]
implemented persuasive techniques, focusing on the psy-
chological principles of persuasion rather than theories.
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Some studies did not base their interventions on theo-
ries. For example, [37, 38] used a living lab to co-create
their intervention building on the limitations of an
existing app, GoEco!. They were guided by the litera-
ture evidence of effective persuasive elements for pro-
environmental behaviors rather than a specific behavior
change theory.

Participants
The interventions targeted adults, except for [43] and
[42], who specifically targeted children and adolescents.
Self-selection bias is a common problem across stud-
ies, given the voluntary nature of participation and likely
the engagement of people who are already interested
in AT. For example, [43] and [36] reported that most of
their participants were already engaging or knowledge-
able about the target behavior, explaining the low levels
of change in behavior and knowledge due to the inter-
vention. The methods used to minimize this kind of bias
included the following:

+ Purposive sampling involves recruiting only or
mainly car drivers to focus on the target population.
Sottile et al. [39] included participants who mostly
owned cars. The personalized travel plans provided
through the app led to small shifts toward sustainable
modes (walking, cycling, public transportation, and
shared mobility). Ross et al. [33] exposed car driv-
ers to the positive testimonial experiences of active
travelers: survey results revealed no impact on the
intention to change, but interviews revealed some
potential to influence awareness and the intention to
change.

+ The participants’ baseline travel data were compared
with local mobility statistics to assess sample bias.
Cellina et al. 28] and Di Dio et al. [59] reported that
their participants’ mobility behaviors were represent-
ative of those of their target population. Castellanos
et al. (2016) reported underrepresentation in walking
trips and overrepresentation of cycling and bus trips
in their baseline data. Ciccone et al. [51] reported
overrepresentation in participants who cycle year-
round in Norway (not common due to snow).

+ Pre-intervention surveys or monitored travel behav-
ior at baseline were used to disaggregate participants’
typical modes of transportation and the impact of the
intervention. Eight studies [34, 36, 44, 48, 50, 51, 56,
59] distinguished the intervention impacts for spe-
cific travel groups. This mitigation method can also
result in a low number of observations if the sample
is highly biased.

+ Location-based counting of target behavior pre-
and post-intervention to observe objective changes



Page 6 of 19

952

(2025) 25

Siriaporn et al. BMC Public Health

X X X [€9] 3al-N
X X X [29-09] SNid NAIPARIL
X X X [66-£9] O2yjelL
dde (52s)
X X X X [95]  =bus|ieyd S1eWID SSIMS
X [5¢] 3PADe10S
auoyd
X X X X X X [#S—75]  -Mews ANIGOW 1HVYNS
X [LS] 1v@esuss
X X [0s] I9]9AeI| paynuend
X X l6¥] 0oyAeld
X X X X [8¥] syulodwnwindo
X X X /%] wnwndo
pauon
X X X X [ov] -UaW Jou aweu ddy
pauon
X X X (37| -Uaw Jou aweu ddy
pauon
X X X X [+ -Uaw Jou aweu ddy
pauon
X [£¥] -Uawi Jou dweu ddy
[ey] |00Y2S JNSAIN
X X [L¥] dde AN
X X [ov] 219NN
(ABojouyda|
|9AB1]-0D7 SAISENSIDd
X X X X le€] [ENPIAIPUI) 13dI
X X X X X x [8¢ /€] {03309
X X [o€] sdjoo3
[sel 1SI1DAD
X X X [¥€] SIBPAY
X [€€] wslquogied
X [eel suaziyD axig
X X X X [87-91] espl|jeg
X X X X X L€ 0€] SUOIT ANDY
(1DV) Joxel].
X X 621 SNWIWIOD) SAIDY
piemas S3WO0dIN0 sand
saduanbasuod paemaz |eua1ey a4n1ny jo bujuibew /sydwoug uosuedwod  JolAeyaq JO SwodIN0 Burioyuow Joineyaq uo bujuueld Bumas
SNOLEdIAE'9L  [e1POS H°0L oL aaiesedwo) €6 1'L leos z'9 uopeqpasy £'7 JPSE'T WP TT  UOdY L -[eoD L'l SIpnls oy sddy

(1D9) senbiuysay abueypd Joineyag

(3]gedijdde jiy synsal uopen|eas pue saibajelis uonowoid |y 10y pavieyd (g7 = u) pasn dde ayi pue (8¢ =u) sa1pnis papn|dul jo isi| N4 Z 3lqeL



Page 7 of 19

(2025) 25:952

Siriaporn et al. BMC Public Health

paien|eAs JON X [s¥]

sasodind diy Jopim 10y suoissbbns ainos Buikly 03
u2do 2J9M PUB SSPOW [9ARI} SSIDAIP 1SOW Y3 pey,sialidsy dAIDY, pue ,SId[oAel |

[eD11DRId, "SUONSBONS 21N01 MU A1) 01 A|9¥1| 1SOU B1E ,SISS00YD) 334j-IPD),— X v
Ajigow
Bunowoid yijesy pue A|pusiiy A|[EIUSUIUOIIAUS O} Ssaualeme 1ybnoiq dde—v7
AMjigow ul sabueyd pamoys suoniod (uedyiubisul A|[eI1saeIs) |[eus—x X X 3%
pajen|ead JoN X [ev]
pa1en|eAd 10N X X X X X [L¥)
(9215 9dwies
||BWS) JUBDYIUBIS A][BD13SIIEIS 10U INQ PRAIDSTO SBM 2D104D PO Ul abueyd—x lov]
11 UlelUlew Jou pip Ing
suejd [aAe1) pR15366NS PaLI) SUIOS "SIPOW 3|geUleISNS SPIBMO] SYIYS |[euS—@ l6€]
pa1en|eAs 10N [8€ 'L€]
10edWl [9AR)) [PUOSIS JO SSOUSIEME PRSEIIDUI—T
uon
-USAJS1UI-150d pue -2id 92UI3JIPp MOYS 10U PIP ‘azIs 3|dUIes Paseld pue |[ews—x [og]
uonIpuod

uo11dWOD UeYl UOIIPUOD UOIIRIOGR||0D Ul BUlPAD ul JuswAofud Jaybiy—e@
sduy a1ow Apybi|s papiodal uonIPUOd
9A11BIOQER||0D) 'S|BLI OM] DY} U9DMIDG 2DUIIYIP UBdLIUBIS A|[BO11SI1EIS ON— X X [s€]

dnolb |013u0D WOy JayIp 10U
pIp SUO|e UOIIBDLIWIED) "S1D3)d JUedYIUDIS PRy SPJemai [eldUBUY JO SUOIIBUIGUIOD
| “1oedwi 1S0W 3y3 Pamoys pJemail 23el 1e|} pue uoiedyiuweb Jo UoeuiquioD) -x X X X [rel
1V Jo uonuaiul pue uoluido asuanjul Ajjenuslod pue
JOIABYSQ UO UOIID3Ya4 UMO paleliiul 9dUsadxa 193[gns s,Jay1o buleas—w
dnolib
UOJIUAJ1UI PUB [0JIUOD 3Y1 U99MISQ 9DURYD 0} UO[IUSIUI Ul 9JUSISYIP OU—@ [e€]
S101neYaq BulpAd pue abesn dde ul aseaidul
Ww91-buo| pamoys |ely, 1yauaq [enplaipul, 3y ubreduled ayi Bulnp siasn mau ul
95310UJ UB PaMOYS (SIYauaq AHUNUWIUIOD PUB SIYauaq [enpIAIpUl) S|eHl Yiog - (el

pajen|ead 10N X X X [8c-97l

AYsIaAIUN Y3 Jo AN
-Dej JOU 1S 10U INq ‘siuapnis oy diu |y Jo abeiuadiad uj aseainul Juedylubis—e
sndued A1IsIaAIUN 0 BURINUILIOD S3SI12AD pue suelisapad Ul 95ealdul—x [L€'0€]

J2INWWOD 9AI1DE SWO0I3q 01 $96BIN0DUS I0INBYSG [9ARA] DULIOIUOW 10} [NJISN—Y7 X 62

pauolluaW 10U dweu ddy

pauoUSW J0U aweu ddy

pauo;USW J0uU dweu ddy
|00OY2S DISAN
dde AN

21NN

(Abojouyda] |onel|
-023 9AISeNSIad [enPIAPUY) 1d|

{03305

sdij0o3

1SITDAD

SI9PAD

wiaiguoagied

susziD Mg
eapy|jog

SUOIT 9AIDY
(LDV) 123281 SINWWOD) SANDY

1o1neyaq jo burioyjluow -x
Aanins anneiuenb - @
Aonins anneyjenb - 7 sjpAe sweb jenuip  Jejeay  sabuajjey) sabpeg sjulod sSIpnis joy

uonenjeay uonesyjwen

sddy

(panunuod) g ajqey



Page 8 of 19

(2025) 25:952

Siriaporn et al. BMC Public Health

SS9USNOIDSUOD [PIUSWUOIIAUS S| 9BUBYD JO JOIeDIPUI UlRIA

"JolAeYSq 12b6.e) Ul JusWA0IdWI pamoys Yiog sdnoib plemal-uou pue plemay
Bupjiem ui

panoidwl Ajuo W Q| > 01 G < BulAl| 950Ys pue BuldAd pue bupyjjem Ag apew
sdli JO JaquINU Y1 Ul PSseIDUL |[e W G > 03 W € < bunnuiwod syuedpiied—x
|013u0D pue siasn dde uaamiaq Joineyaq ANjIGow Ul 32U1a4IP JUedYIubls ON—x
pa3ien|eAd JON

S9UO APj@am Ueyl BulleAiow aJow Bulag sabuajjeyd aoueisip Ajlep yim
sabua|jeyd Adouanbauy dul ueyl aAD3Ye a1ouw paroid sabusjjeyd asuelsig
SISALP

18D UBU1 3310 0} paUI|DUl SI0W 249M SIa¥[em Juanbaly pue siasn Jodsuel) d1gngd
syuedpdiied-uou 01 paledwlod sdiiy 31q pasealdul pue

95N 1eD PadNPal 01 P3| ‘splemal buliayo ‘sabus|jeyd ad10yd A|YIUON—x

1USIDLYD 1SOW SeAM AIIUSDUI 938l 18| ‘dNnoib [0J3u0d 3y1 01 paledwod AYADe
Bul2A> (jeuonealdal Ajuiewl) 19y paseasnul Apuedyiubis sdnolb pazianuadul—x

sopnine
AJ|IgeUIRISNS U] 10U ING UORUSIU Ul SOBUBYD PUB SSaUSJBME U] 95eRI0UI—Y/
Qul|95eq 03 pasedulod ‘(SNg pue ay1q 10}

sobueyd ou) Bulyjjem ul 9seadul JuedyIubis pue BUIALIP Ul 95e3109p Juedylubis—x

uodsuei Jo
sapow Mau A1y 03 syuedipiied Buibeinodua Ul 9ARd3Y9 ‘9bueyd Joineyaq Al
-lgow uo 1dedull [[ews paledipul BUuLIoUOW Yim paledwod A9AINS 1591-21d—x @

Bupjiem pue bupyiq ‘1odsuedy dljgnd 10j Wil [A.IY Ul
9SL2IDU| UB PIMOYS SWYDS PIemal 31 1oy paisisibal asoy ] “1odsueli dignd u
Juads Wi} PaseaIdUl (JoIUOD) SPIRM3I U3 INOYIIM 3DIAIDs dde wnwndo—x

sobessaw aAIseNnsIad Uo 32BCP3) SAISOJ "D2104d Spow

2ouanyur Buiuued diiy 10j SSPOW [9ARIY 3|geulrIsns Jo Bupjuel e bulpinoid—yzy7
20UeDYIUBIS [BD11S1RIS JO SISA[RUR O “9210UD 9POW UO

2DUaN|JUI Ue ey sapowl uonerodsuel usamiaq 1oedull Jo uosiiedwod—e@

abeys uoneidway

-uod3ld, 9y ul syuedpinied Jo abejusdiad asea109( |9POYy [e2112103Y1sURl] 3l JO
abe1s ,souruaUlEW, 9y O} Buirow syuedidied Jo sbelusdiad aseannul—e@
25uedyIubIs [eOASHRIS JO

sisAjeue oN ‘siolAeyaq 1odsuel) 3|geuleIsns JO UoAOpPR 9| SIUIRIISUOD SWil pue
[e21SAyd Jamay a1 2UBY) USYM PUSNaM 31 BuLINp US3S S1am sabueyd—x

X X [vs—cdl

[19]

CO2yjeiL
dde (DDs) abua|ieyd a1ewWi|d SSIMS
9|2A)|edos

suoyduews AWIGOIN THYINGS

1ygasuss

J3J2ARI] payaueND

ooygAeld

sjulodquwnwindo

wnwndo

pauonusW Jou auleu ddy

1o1Aeyaq jo burioyjluow -x
Aanins anneiuenb - @
Aanuns anpeyjenb -

uonenjeay

s|oAe7 dweb jenuip aeleay  sabudjiey) sabpeg sjuiod sa1pnis Joy

uonesyjwen

sddy

(panunuod) g ajqey



Page 9 of 19

(2025) 25:952

Siriaporn et al. BMC Public Health

pa1en|eAs 10N
SaAleuUlR) e 210|dxa Syuedidiued padjay sabessaw buibeinodu]

"9bueyd 01 pasidsul pue JoIABYS] JI9Y] JO SIPME 3J0W aJam sjueddiied—z7
UOIIUDA

-191U1 ISR SUIUOW € Yd Ul 95B210Ul PIMOYS 1N UONUSAISIUI BULIN 109}J9 OU—X

[¢9-09]

3dig-n

SNid NAIPARIL

101AeYyd(q Jo BuLiojluow -x
Aanauns snnenuenb - @
Aanins anneyjenb -

uonenjeay

s|joAe7 dweb jenuip Jeleay  sabudjjey) sabpeg sjuiod sa1pnis Joy

uonesyjwen

sddy

(panunUOd) Z 3jqey



Siriaporn et al. BMC Public Health (2025) 25:952 Page 10 of 19
Table 3 Theories used in the reviewed articles
Theory Description App studies

Social Cognitive Theory [64]
Theory of Planned Behavior [65]

Transtheoretical Model of Behav-
ior Change [66]

Social-ecological principles [67]
Self-determination theory [68, 69]

Norm Activation Model [70]

Game-based learning theory [71]

Random utility theory
Prospect theory [72]

Persuasive techniques [73]

Learning occurs within a reciprocal interaction between the person, environment,
and behavior

One’s behaviors are influenced by their intentions, which are derived from attitudes,
subjective norms, and perceived behavioral control

Individuals go through five stages of change from never thinking about the behavior
to making the behavior a habit, and different stages require different interventions
to move onto the next

Multilevel interventions that target individuals, social environments, physical environ-
ments, and policies are needed to promote PA on a population level

To motivate behavior change, individuals need to be satisfied in the three basic psycho-
logical needs: autonomy, competence, and relatedness

An individual’s altruistic or pro-environmental behaviors are influenced by their moral
norms, which are shaped by their awareness of the consequences of the behavior
and their sense of responsibility to perform it

People learn through experiences. Well-designed games can provide these learning
experiences

People make choices based on goods' characteristics plus some degree of randomness

This theory stems from behavioral economics. It states that people prefer lower probabil-
ity for higher gains (lotteries) than high probability for lower gains and that people prefer
to make decisions that they would regret the least even though it might not be optimal

Techniques to apply psychological principles of persuasion using technologies

[30,31,33,60,61]

[39, 44, 50, 63]

[30, 31, 34,37, 38, 46]

in mobility patterns in the community. Before
and after promoting AT (via an app) at a univer-
sity campus, [30] observed the number of pedes-
trians and cyclists commuting to the campus and
reported an increase in the number of people
walking and cycling at the community level.

Evaluation approach

To determine the success of AT promotion, changes in
behaviors and behavioral intentions were evaluated in
21 studies, 17 of which employed app-based monitor-
ing and 14 of which used self-reports. Nine of these
studies employed both methods. Seven studies did not
evaluate the change but instead field-tested the usabil-
ity of the app and its functionalities.

Various experimental designs have been used to
evaluate app interventions. Specifically, 11 studies
used control groups for comparison, including seven
that also employed randomization. Additionally, ten
studies used quasi-experimental designs in which the
intervention groups were self-selected and there were
no control groups or randomization. Fourteen longitu-
dinal studies tracked participants over a period of mul-
tiple experimental phases to observe changes.

Changes in travel behavior

To distinguish between modal shifts and additional
trips in assessing travel impacts, studies have used the
following methods:

+ Tracking and comparing multiple modes of trans-
portation over time from the baseline. Tsirimpa
et al. [48] and Ciccone et al. [51] reported that
material rewards can significantly increase engage-
ment in target modes but fail to show a reduction
in other modes. This shows how incentives lead to
increased trips of target modes but not necessarily
by replacing other modes, such as cars. Jariyasu-
nant et al. [50] reported successful modal shifts
with an increase in walking trips accompanied by
a decrease in car trips when participants received
feedback about the impact (time spent traveling,
cost, CO2 emitted, and calories burned) of their
actions.

« After the intervention, the participants were asked
to self-report whether any increase in target behav-
iors replaced other modes of transportation. Follow-
ing an intervention period with in-app challenges
to encourage cycling, [52-54] reported that 40% of
those who completed the challenge cycled more than
usual, half of whom replaced car trips to complete
the challenge, indicating some success in the modal
shift.
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Effectiveness

All seven self-reported qualitative evaluations (through
interviews and focus groups) indicated that their app
interventions were successful in influencing behavio-
ral intentions. After using the apps, the participants
expressed an increased awareness of the impact of their
mobility choices and intentions to change their travel
habits in favor of active and sustainable modes. Addi-
tionally, the participants reported that they were encour-
aged to try alternative transportation modes. Six of these
seven studies also monitored travel behavior, four of
which reported contradictory results, i.e., finding little to
no impact on behavior change.

Many of the same BCTs and gamification features
appeared in both apps that successfully influenced travel
behavior and those that did not. For example, leader-
boards used to provide social comparisons were part of
the effective apps in [34, 44, 49, 50, 52] but not in [33, 40,
56]. Setting app-based challenges was found to be effec-
tive in promoting cycling [53] but not in reducing overall
mobility-related carbon emissions [56]. Similar inconsist-
encies were observed for material rewards. Nine studies
evaluated material rewards in the form of cash, credit,
discounts, and lotteries. This results in increasing target
behavior ranging from a large [32, 34, 51, 53] to a small
impact [40, 43, 49]. Some studies have also reported an
increase in target behaviors in both the intervention and
control groups, indicating a possible effect of other incor-
porated features [48, 58].

Compared with those that provide only one type of out-
come, apps that integrate multiple outcomes as feedback
on the impact of travel behavior tend to be more effective
in increasing awareness of behavioral consequences and
shifting travel behavior. Five studies [30, 39, 44, 50, 58]
that provided three to four types of outcomes (calories
burned, money saved, time saved, and CO2/particulate
matter emissions) reported increases in target behavior,
including two that also showed a decrease in car usage,
indicating a modal shift [39, 50]. Park et al. [36], who pro-
vided two types of outcomes (calories burned and CO2
emissions/avoided), reported no significant difference in
behavior, but participants reported an increase in aware-
ness of their mobility impact. Three studies provided
only one type of outcome as feedback: [56] offered feed-
back solely on CO2 emissions and reported no significant
difference in behavior; [53] were successful in promot-
ing cycling with in-app challenges and feedback on CO2
emissions; [29] successfully encouraged AT behavioral
intentions through an app that provided feedback on cal-
ories burned, in addition to mobility monitoring (modes
of transportation, step counts, distance traveled).

Seven studies [30, 34, 39, 44, 47, 48, 63] incorpo-
rated BCT 'action planning," in the form of route
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recommendations and travel plans (Table 2). While this
feature is often combined with other features, making it
challenging to isolate their specific effects, we observed
that every app with this feature yielded positive outcomes
and facilitated changes in travel behaviors [30, 34, 39,
44, 47, 48]. One study [63] did not evaluate for change.
Even in cases where participants did not significantly
change their travel behavior, these suggestions appeared
to encourage participants to try alternative modes and
routes [39].

App search

The commercial app search from six countries yielded
194 apps from the Google Play Store and 679 apps from
the Apple App Store, 18 of which were available in both
stores. The Apple App Store has a much broader inter-
pretation of our search request, resulting in many
irrelevant apps. After the apps from both stores were
compiled and screened, the final selection included 78
apps (Fig. 2). Three apps had more than 10,000 reviews
at the time of the search: Miles — Travel, Shop, Get Cash
(score 4.7/5 stars); CityMapper (4.8); and Anywheel
(4.2). Miles — Travel, Shop, Get Cash is an app based in
the United States that rewards every mode of transpor-
tation with points, with greater compensation for sus-
tainable and healthy modes (walking, cycling, public
transportation), which can be redeemed for gift cards,
raffles, and donations. CityMapper is a journey planner
that allows users to compare the impacts (calories burned
and cost) of different travel modes. Its services are avail-
able in many cities across Europe, North America, and
several metropolitan areas worldwide. AnyWheel is an
app that facilitates bike-sharing services and provides
feedback on users’ calories burned and carbon emissions
avoided through this service compared to the same jour-
ney by car; it operates in Singapore, Malaysia, and Thai-
land. Five apps had between 1000 and 10,000 reviews,
three of which were bike-sharing apps (BCycle, Donkey
Republic, and Dott), with scores of 4.1, 4.4, and 4.5 out
of 5, respectively. One app, Mappy, is a journey plan-
ner that compares the potential outcomes (time, cost,
and CO2 emissions) of different modes and has a score
of 4.3. Finally, Geovelo—Bike GPS & Stats is a bike jour-
ney planner app with a score of 4.5, which provides feed-
back on CO2 emissions avoided by cycling compared
with the same journey by car. It also collaborates with
local and regional authorities around France by provid-
ing usage data to inform the development of the cycling
infrastructure in their territories and a platform to com-
municate with local cyclists. Seven apps had between 100
and 1,000 reviews (six bike-sharing and one bike cam-
paign), with scores ranging from 4.1-4.6 (average=4.3).
Forty apps received fewer than 100 reviews, with scores
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‘ 863 apps imported ’

785 apps excluded
(eligibility criteria)

78 apps included

Title, description, and
website screening

App testing (France)

6 apps tested

Fig. 2 PRISMA flow diagram of the mobile app search process on the Google Play Store and Apple App Store

ranging from 1-5 and an average of 3.8. The remaining
23 apps had neither scores nor reviews.

Of the apps we included, 43 were available in France,
and most of them had very few user engagements on the
app stores, more than half with fewer than 10 reviews.
Among them, 23 facilitate bike-sharing and bike-park-
ing services that provide useful information and access
to physical opportunities for AT engagement. We did
not test these apps because they required signing up
and payments to access their products and features. The
remaining apps consisted of eight reward apps, six jour-
ney planners, and six apps that tracked and provided
feedback on behavior. Eight of these were not available
on the testing devices (Samsung Note 20 Ultra and Apple
iPhone 6) because of incompatibility; two were only
available for organizations with specific codes, and four
had software problems and could not run. Only six of the
remaining apps were tested.

For the MARS assessment, we found that the six apps
had an average score of 3.4 out of five (range: 2.5-4.2;
SD =0.57; Table 4). Comparing the scores between cate-
gories, we found that the apps, on average, scored highest
in functionality, which looked at performance and ease of
use. The lowest scores were for engagement with users,
which focused on interactivity with users and whether
the app was well designed for the target audience. The
apps that scored above the overall average (3.4) were
Citymapper, Geovelo, ActiveTravel, and Mappy. These
apps are journey planners, with the exception of Active-
Travel, which tracks mobility and provides feedback on
the behavioral impact. In terms of the apps’ potential to

change behavior, the ABACUS assessment of the tested
apps revealed an average count of 5.8 out of 21 (range:
2-11; SD=3.80; Table 4). The highest scores were 11
BCTs for both ActiveTravel and Geovelo. The tested
apps scored highest in the feedback and monitoring cat-
egory of BCTs, where the users could see the statistics of
their trips taken and their impact, and lowest in the goals
and planning category, only being provided in one app
(ActiveTravel).

With respect to user engagement in app stores, three of
the tested apps (ActiveTravel, Commute, and Kent Con-
nected) did not have any scores or reviews in the stores
of the six countries we searched, possibly because these
apps did not service these locations. Therefore, to obtain
user engagement data for these apps, additional app store
searches were conducted in the countries in which they
were developed, as italicized in Table 4. The apps that
scored higher than average on the quality assessment
(MARS), except for ActiveTravel, had much greater user
engagement (more reviews and higher scores) than the
other apps did. In contrast, ActiveTravel scored 3.6 on
MARS and 11 on ABACUS, both above the average, but
had low user engagement. No pattern could be observed
by comparing the ABACUS behavior change potential
scores to app store user engagement.

Revisiting the 29 apps identified from the literature
search, we found that five were available in app stores
(Bike Citizens, Cyclers, CarbonDiem, Play&Go, and
TravelVU). Three of them, however, were the control
or pre-modified versions of the apps used in the studies
(Bike Citizens, Cyclers, and TravelVU). Cyclers (control)
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had the highest score (4.2) and number of reviews (272
reviews); three had decent scores (Play&Go=4.2; Bike
Citizen (control)=3.6; TravelVU (control)=2.8), but a
small number of reviews (fewer than 100); and one (Car-
bonDiem) had no review. When attempting to download
and test the apps, Play&Go was under construction, and
CarbonDiem was unavailable in France. As the remaining
three were controls in the literature, they were not tested
here.

Discussion

This study aimed to provide an overview of how mobile
apps are being used to promote AT through reviews of
both the academic literature and commercial app stores
(Android and iOS). The findings suggest that app-based
interventions are being researched as a way to promote
AT, but with mixed results, and good-quality supportive
commercial apps available to the public are very limited.

Features and strategies to motivate behavior change

The most utilized behavior change strategy in the
reviewed apps was providing feedback on behavio-
ral outcomes, namely, calories burned, money saved,
time saved, and CO2/particulate matter emissions. The
Feedback Intervention Theory proposed by Kluger and
Denisi [74] posits that feedback functions primarily
to focus and shift attention. This theory supports our
results, which show that providing feedbacks on the
multiple impacts of behaviors was effective in increas-
ing users’ awareness of and actions toward healthy and
sustainable travel behavior. Our findings are further sup-
ported by a review [75], who reported that feedback has
the potential to disrupt undesired habits and can be a
supportive component of any intervention that aims to
change habitual behaviors. Control Theory [76], which
emphasizes the importance of the relevance of feedback
to individuals’ goals, posits that individuals are moti-
vated to change their behavior when there is a dispar-
ity between their current behavior and desired goals.
Therefore, feedback must be designed to elicit behavioral
reflections that bridge this gap. The inclusion of multi-
ple types of impacts increases the likelihood of engaging
individuals motivated by various goals.

The effectiveness of feedback has also been shown in
previous research to be enhanced when coupled with
clear action plans [77]. This is confirmed by our findings
that providing route recommendations and personal-
ized travel plans was successful in promoting behavior
change or, at the very least, encouraging users to try
alternative travel modes. This aligns with findings in
other domains, such as air pollution communication,
where actionable information has been shown to miti-
gate feelings of powerlessness and encourage positive
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shifts in public attitudes and behaviors [78]. By provid-
ing feedback that is aligned with individuals’ goals and
offering actionable recommendations, app intervention
can effectively evoke a sense of need for change and
facilitate a plan to do so. In reference to the Transtheo-
retical Model of Behavior Change [66] in Fig. 3, feedback
provides awareness to facilitate progress from the pre-
contemplation to the contemplation stage, and action
plans can assist in the preparation stage and facilitate
progress into the action stage.

We could not find apps that integrated health out-
comes beyond the eight (seven of which were evalu-
ated and shown to be successful in changing behaviors
and intentions) that provided feedback on burned calo-
ries. This gap was also highlighted in a review [18], who
reported that CO2 emissions, both as a consequence
of past behavior and as a potential outcome of planned
behavior, were the outcome most frequently addressed
in transportation apps. Nevertheless, transportation has
multiple impacts on health [79, 80], which can potentially
be used as arguments to shift behaviors. For example,
routes that maximize greenspace and minimize air pol-
lution have been shown to reduce stress for cyclists and
pedestrians [81]: providing information on greenspace
and air pollution along alternative routes could help
users identify healthier and more enjoyable solutions
and could motivate individuals who may not be driven by
altruistic environmental concerns alone [82]. Moreover,
personal health benefits from physical activity accrued
from modal shifts toward AT have been shown to domi-
nate the benefits of transportation policies that address
climate change and air pollution [6, 83], thus providing
a strong rationale to support such changes. Furthermore,
positive outcomes are more likely to be engaging than
negative impacts are [78]; thus, practical information on
how to improve health can provide helpful and engag-
ing information to users rather than solely allowing them
to reflect on the consequences of their behavior in the
environment.

We found that material rewards and challenges pro-
vided through an app can increase extrinsic motivation
and the time spent walking, cycling, and using public
transportation. This increase did not always translate to a
reduction in car use, but [53] reported that some partici-
pants replaced their car trips with cycling to reach their
goals. In a review of five studies from various fields, [84]
indicated that immediate rewards (e.g., financial incen-
tives for time spent walking/cycling) were a stronger pre-
dictor of persistence of behavior than delayed rewards
(e.g., improved health/environment). However, caution
should be taken when approaching behavior change
with externally mediated rewards because they can dis-
tract individuals and reduce their intrinsic motivation
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Behavior

Pre-contemplation

Contemplation

Preparation

Action Maintenance

No intention to engage in

AT. May not be aware of

consequences of current
mobility behavior.

Aware of potential benefit
of AT. Thinking to change,
but not yet committed.

Intend to change and plan
actions to remove barriers
(e.g. finding nearby
pedestrian and bike path).

Change is on-going and
approaching AT is a
conscious effort.

AT is integrated into
mobility behavior and is
engaged unconsciously.

Feedback on behavioral outcome
- feedback relevant to user goals

o
- positive outcomes are more engaging than negative S0 °

\ 4

‘ Action plans
- route recommendations
- personalized travel plans

g_;];

annnqn

’ Recommended app features ‘

Material rewards and challenges
- needs to be continuous until behavior is sustained

YV &

Fig. 3 Stages of change in relation to AT based on the Transtheoretical Model of Behavior Change, adapted from Prochaska and DiClemente (1982),
and, based on current review, recommended app features to support user progression through the stages

(engaging in AT for the satisfaction of improving health
and the environment) [85]. To create long-term changes
with external rewards, engagement approaches need to
foster internalization until the behavior is autonomous
or transforms one’s identity [86—89]. For example, the
rewards app “Miles — Travel, Shop, Get Cash" has been
providing, since 2018, continuous external motivation
and immediate rewards for all users, with an emphasis on
sustainable transportation, thus creating the potential to
foster internalization; judging by its number of users and
partnership with numerous industries and local authori-
ties, it could be considered successful.

Maintaining app engagement

The attrition rate is a common challenge in mobile apps
[90]. In a review of studies using mobile health apps, [91]
reported that participants were more likely to drop out
of the study than be retained. This challenge is attribut-
able to networked individualism, where individuals’ com-
mitment to a network (e.g., an app) is limited because of
their involvement in other online networks [92]. Garnett
et al. [93] identified seven highly ranked strategies to
improve app engagement: ease of use, design — aesthetic,
feedback, function, design — ability to change design to
suit own preferences, tailored information, and unique
smartphone features. This is consistent with the MARS
assessment used to determine the app quality [23]. We

found that those with higher MARS quality scores tended
to have better app store scores and more engagement
than those with lower MARS scores.

External factors influencing the impact of the app
intervention

The success of an intervention also depends on external
factors beyond its scope. Based on the Transtheoretical
Model of Behavior Change [66], even if an intervention
successfully moves an individual to the contemplation
stage (i.e., developing the intention to change), a lack of
access to a safe environment for walking or cycling could
limit the possibility of actual change. Progression to the
preparation stage may be halted because one cannot plan
to mitigate the barriers that lie beyond individual control.
Perceived control is a significant factor that determines
behavior according to the Theory of Planned Behavior
[65]. This suggests that the efficacy of app features and
strategies alone may be insufficient to determine app suc-
cess. Consistent with the socio-ecological framework of
behavioral change, an app that targets individual behav-
iors is limited in its ability to change behaviors if the
social and physical environments do not enable them.
Although not tested, apps could be designed to engage
individuals to support action toward creating enabling
environments (e.g., policy support), thus creating posi-
tive feedback effects toward systemic change [78].
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Voluntary usage of apps

Often, app-based interventions operate within a vol-
untary, self-selected framework, which poses a risk of
“preaching to the converted,” that is, presenting the inter-
vention to people who are already making changes or
are motivated to do so. This self-selection bias not only
skews the demographic composition of research par-
ticipants but also undermines the generalizability of the
findings to a broader target population [94]. The person-
alization algorithms used by app stores to promote apps
can further increase this gap, as they aim to display con-
tent based on user interests [95]. Thus, behavior change
apps require specific targeted recruitment to reach unen-
gaged individuals.

Study limitations

The expansion and evolution of the mobile app sector
is rapid. For example, 90,000 health apps were added in
2020, averaging approximately 250 apps per day [96].
The continuous influx of technological advancements
and new applications means that our review may quickly
become outdated as newer mHealth interventions
emerge. However, it is imperative to comprehensively
capture the current landscape and catalog the current
works. Future research will need to continually update
fast-paced developments in mHealth technologies to
provide relevant and timely insights.

During the commercial app search, the accuracy of
the app engagement was challenging. App stores do not
have guidelines for where an app can be made avail-
able for download; therefore, it can be available in areas
where it does not service. For example, a bike-sharing
company operating in one city can have an app accessi-
ble worldwide. As a result, the app may not appear to be
downloaded or used if the search is not performed in the
operating country.

Additionally, the selection of countries for the commer-
cial app search were made to ensure geographical diver-
sity by including six countries from different continents.
The selection was also influenced by practical considera-
tions such as language proficiency within the research
team. This approach may have introduced selection bias,
and future studies could benefit from a more systematic
approach to country selection based on objective crite-
ria, such as regional app market size or AT trends and
infrastructures.

Conclusion

Since the beginning of the century, the use of smart-
phones has increased significantly, and a wide range of
mobile apps have been developed and made available
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to users on the go. App-based interventions provide
an opportunity to promote sustainable and healthy
modes of transportation, such as walking and cycling.
A scoping review was conducted to provide an over-
view of how mobile apps are being used to promote AT
through reviews of both academic literature and com-
mercial app stores. BCTs and gamification strategies
have been integrated into apps to encourage AT. Our
study revealed that apps were successful in increas-
ing awareness and changing behavioral intentions.
To motivate behaviors, providing multiple relevant
feedbacks on behavioral impacts and action plans is a
promising combination. A variety of commercial apps
are available; however, they do not have high rates of
engagement, and only a few are of high quality. Apps
that had high-quality engagement, functionality, aes-
thetics, and information were more likely to have
higher levels of engagement than those that did not
and were therefore more likely to be successful. With
the fast-growing field of app-based intervention, the
use of mobile apps to encourage AT should be further
explored and rigorously tested. Well-designed, theory-
based apps should be made commercially available and
maintained for widespread dissemination. A success-
ful app has the opportunity to not only promote the
health of the population and improve the environment
but also address and reduce social barriers within the
community, creating healthier cities.
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