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ABSTRACT

Objectives Technological advancements that use global
positioning system (GPS), such as geofencing, provide the
opportunity to examine place-based context in population
health research. This review aimed to systematically identify,
assess and synthesise the existing evidence on geofencing
intervention design, acceptability, feasibility and/or impact.
Design Scoping review, using the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews guidance for reporting.
Data sources PubMed, CINAHL, EMBASE, Web of Science,
Cochrane and PsycINFO for articles in English published up
to 31 December 2021.

Eligibility criteria Articles were included if geofencing was
used as a mechanism for intervention delivery. Exclusion
criteria: (1) a component or combination of GPS, geographical
information system or ecological momentary assessment was
used without delivery of an intervention; (2) did not include

a health or health-related outcome from the geofencing
intervention; or (3) was not a peer-reviewed study.

Data extraction and synthesis Several researchers
independently reviewed all abstracts and full-text articles
for final inclusion.

Results A total of 2171 articles were found; after exclusions,
nine studies were included in the review. The majority were
published in 5 years preceding the search (89%). Geofences
in most studies (n=>5) were fixed and programmed in the
mobile application carried by participants without their input.
Mechanisms of geofencing interventions were classified

as direct or indirect, with five studies (56%) using direct
interventions. There were several different health outcomes
(from smoking to problematic alcohol use) across the five
studies that used a direct geofencing intervention.
Conclusions This scoping review found geofencing to be

an emerging technology that is an acceptable and feasible
intervention applied to several different populations and health
outcomes. Future studies should specify the rationale for

the locations that are geofenced and user input. Moreover,
attention to mechanisms of actions will enable scientists to
understand not only whether geofencing is an appropriate and
effective intervention but why it works to achieve the outcomes
observed.

INTRODUCTION

Population health outcomes and health
disparities result from multilevel factors
beyond the individual. For example, poverty

2 Connor Volpi," Shereen Sodder,’

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The scoping review was comprehensive, using rig-
orous searches of six databases.

= The review used the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension
for Scoping Reviews checklist to guide reporting.

= Most of the eligible studies were conducted in the
USA, limiting generalisability to other international
settings.

= The review was conducted through the published
literature through 2021 and therefore does not in-
clude more recent publications.

can lead to a lack of access to healthy food'
and medical care®; unstable housing can
lead to inability to adhere to medications’
and exposures to unhealthy environments®;
homophobia and racism leads to stigma and
discrimination, and mistrust and avoidance
of medical systems.””

Often in behavioural research, theories or
frameworks do not consider the place-based
context of behaviour despite literature on
the consistent and enduring impact of places
such as neighbourhoods and communities
on population health outcomes and dispari-
ties.* " Place-based context can be conceptu-
alised as both geographical areas defined by
boundaries or as socially constructed out of
symbolic meanings and social relations.'’ '*
In both cases, place-based context operates
to perpetuate hierarchical social structures,
facilitate and constrain resources and protect
or hinder health. Moreover, place-based
context may facilitate specific health-related
interactions such as drug or alcohol use, expe-
riences of violence or engagement in health-
care. Yet behavioural interventions often
conceptualise place-based context as static
(eg, place of risky sex) and do not consider
how place-based contexts vary over time. Real-
time geospatial methods, including the use of
global positioning system (GPS) technology,
are the cutting-edge, best-suited methods to
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overcome limitations of most neighbourhoods and other
environments health research because they better capture
place-based contexts corresponding to individuals’ lived
experiences, referred to as ‘activity space”."”

There are numerous types of GPS-based methods that
collect data from individuals and in some cases deliver
intervention content. For example, ecological momen-
tary assessment (EMA) has been shown to be an accept-
able method of data collection."* Ecological momentary
interventions (EMI) allow researchers to deliver inter-
vention content through mobile devices."” Justin-time
adaptive interventions (JITAI) attempt to address the
changing needs of an individual where the interven-
tion algorithm is programmed to determine if and what
intervention content should be delivered to participants
at set times throughout the day, whenever a participant
requests one or based on the participant’s current state
(eg, stress) or environmental changes (eg, weather).'® 17
Finally, geofences are virtual boundaries drawn around a
location and allow for monitoring and messaging when
individuals enter or exits the geofenced parameter.'®
Geofencing interventions are a subset of JITAI where
there is continuous monitoring of the participant’s loca-
tion using GPS and delivery of an intervention such as
text messages or links to health information or informa-
tion about health services that are in the area based on
a spatial context trigger. A geofence involves creating a
virtual predefined set of boundaries or ‘fences’ around a
geographical location, including using GPS technology.
Geofencing methodology can be used in public health
research—both in observational and intervention studies.
Thus, geofencing can be a valuable tool in intervention
research, enabling researchers to study and implement
interventions in specific geographical areas. For example,
geofencing allows researchers to precisely target specific
areas for intervention. In addition, geofencing allows
researchers to send location-based notifications (an
intervention) to participants, including on their mobile
devices. One example of this in the public health setting

is the use of geofencing to monitor movements of individ-
uals who tested positive for COVID-19 virus."

Reviews of JITAI and EMI show the promising poten-
tial of this evolving technology,go_22 yet, such reviews are
noted to lack the inclusion of geofencing, representing
a major gap in the literature. This gap is vital to address
as geofencing has the capability to address an array of
different health issues ranging from tobacco cessation
to HIV medication adherence. The lack of a clear and
systematic understanding of the scope of geofencing
interventions undermines its potential to impact popu-
lation health. The purpose of this scoping review is to
describe the state of the evidence on geofencing inter-
vention design, acceptability, feasibility and impact. In
addition, we examine what behavioural mechanisms were
targeted across the interventions assessed.

Conceptualising mechanisms of action

Another limitation in the literature of EMA and JITAI
interventions is the lack of attention to specific mecha-
nisms of action that operate to achieve outcomes.” There-
fore, we sought to develop a framework based on several
complementary theories and frameworks (eg, Turan’s
HIV Stigma Framework and Social Cognitive Theory**2°)
to evaluate geofencing interventions included in this
review. The framework posits three key mechanisms
for place-based context to influence health outcomes
(figure 1). Each mechanism has both a protective and risk
dimension. The Cognitive mechanism includes cognitive
processes such as sense of control, knowledge, attitudes,
self-efficacy, maladaptive thoughts, risk perceptions and
internalised stigma.””* The Behavioural mechanism
refers to both protective behaviours such as adaptive
coping as well as risky behaviours such substance use,
condomless sex and non-adherence to medication and
care.” The Social mechanism refers to interactions
with others in the personal social networks and broader
community such as emotional or instrumental support or
enacted stigma and conflict which have been shown to

Figure 1
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population health research.

Types and mechanisms of action, protective and risk factors as well as spatial scales in geofencing interventions in
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exacerbate or mitigate health outcomes.”™™ The frame-
work can be applied to multiple spatial scales from a
micro-level (eg, aroom in one’s residence) to community-
level (eg, a neighbourhood activity space or census tract)
to macro-level (eg, state, region).

METHODS

Study design

This scoping review is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews checklist.”’

Inclusion criteria

Articles were only included if they used geofencing as
a mechanism for intervention delivery. Articles were
excluded if (1) a component or combination of GPS,
geographical information system (GIS) or EMA was used
without delivery of an intervention; (2) did not include
a health or health-related outcome from the geofencing
intervention; or (3) was not a peer-reviewed study.

Search strategy

Authors first met to develop the list of potential search
terms and refined after initial searchers were conducted.
Then searches were conducted in PubMed, CINAHL,
EMBASE, Web of Science, Cochrane and PsycINFO
for articles published through the end of 2021 (online
supplemental appendix 1, detailed search strategy across
n=6 databases). Search terms were for broad concepts
regarding mobile delivery of a geofencing intervention:
‘Geographic Information Systems’; ‘Georeferencing’;
‘Global Positioning System’; or ‘Geofenc*® combined
with ‘Smartphone’ or ‘Mobile Applications’. The search
was conducted on 12 January 2021 and was not registered.
A protocol was not prepared.

Study selection

Screening of article titles and abstracts was conducted
with two reviewers (SS and CV) to maximise scrutiny of
all records. Each reviewer independently screened all
articles identified from the initial search for relevance
to the predefined inclusion criteria that was highlighted
during a training session where it was emphasised that
the reviewers should apply a liberal approach. Next, the
same two reviewers independently reviewed each of the
full texts for inclusion in the data extraction phase. Any
disagreements in both phases were adjudicated by a third
reviewer (OH). In all phases reviewers were not blinded
to authors, funding or information regarding publication
of all the records.

Data extraction

Two reviewers (OH and KT) extracted data for details
of study design, target population, sample size, duration
of follow-up, theoretical framework, software or mobile
application use, goal and mechanism of geofenced inter-
vention, and impact of the intervention of outcomes.
Place-based mechanisms associated with the intervention

included: (1) Behavioural, (2) Social support: Emotional,
instrumental, informational and social monitoring and
(3) cognitive. Finally, established guidance for reporting
health intervention using mobile phone was used to eval-
uate the quality of each article.*

Patient and public involvement
None.

RESULTS

Included studies

Using the search strategy in six identified databases, a
total of 2171 articles were found after removing dupli-
cates. Among them, 2039 (94%) studies were irrelevant
and 132 (6%) full-text studies were assessed for eligi-
bility. Reasons for exclusion of the 123 articles in the full-
text phase included the article not being peer reviewed
(n=46, 37%), review articles (n=19, 16%), was not the
correct study design or intervention (n=14, 11%), or
used a combination of GPS, GIS and or EMA, but was
not a geofencing intervention (n=44, 36%). Nine eligible
studies were ultimately included in this scoping review
(figure 2; online supplemental appendix 2, details of nine
studies that met inclusion for the scoping review).

Study characteristics

The majority were published in 5 years preceding the
search (n=8; 89%). Most employed a pre/post study
design to assess changes in measured outcome or feasi-
bility and acceptability of the geofencing intervention
(n=7;78%) with two unblinded randomised control trials.
Sample sizes ranged from 4 to 3443; one study’s inter-
vention quantified its reach with the geofencing inter-
vention displaying on 516 073 mobile phones, though
these impressions do not represent unique individuals
receiving the intervention.”' Most studies (n=7; 78%)
were conducted in the USA, one in the UK* and one in
Spain.23 A description of studies, including the names of
the mobile applications used, study design and character-
istics and place-based mechanisms are detailed in online
supplemental appendix 2. The design of the geofencing
interventions varied based on user input and content
delivery (online supplemental appendix 3, components
of mobile health evidence reporting and assessment).

Geofencing methods: user input

Geofences in most studies (n=b) were fixed and
programmed in the mobile application without partici-
pant input. These included hospital emergency depart-
ments,'® ¥ hospitals where participants worked* *® and
a specific rural dental clinic."’ Two studies used partici-
pants input in determining where to geofence related to
smoking42 or problematic alcohol use.’ Two studies used
a mix of fixed and user input. Dorsch et alused user input
to geofence locations where foods were consumed or
purchased as well as a cloud-based web service to predict
when participants entered grocery stores or restaurants.
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Figure 2 Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram. EMA, ecological momentary
assessment; GIS, geographical information system; GPS, global positioning system.

Besoain et al, used a moderated system where partici-
pants suggested locations to geofence that were venues
for high-risk sexual encounters, but these venues were
moderated by the study team and locations could be
added or removed.

Intervention content delivery: direct versus indirect
Intervention content was delivered in direct or indirect
methods. Five studies (56%) sent participants interven-
tion content directly to their phones based on triggering
the geofence boundary. These interventions included
informing individuals living in a rural area of a dental
clinic!' or sending behavioural messages regarding prob-
lematic alcohol use when near a bar,46 smoking cessation
in areas detected as high likelihood of smoking,42 making
low-sodium diet choices in grocery stores, restaurants
or at home, or HIV and sexually transmitted infection
prevention messages when in venues associated with
high-risk sexual activity.23 The remaining four studies
were categorised as indirect as they collected data when
participants triggered geofence boundaries and in some
cases delivered content at a later time from when the
fence was triggered.

Impact of the interventions

There was not a consistent health outcome across the
five studies that used a direct intervention. Both studies
that used a randomised control design showed improved
outcomes in the group randomised to geofencing.
Addiction-Comprehensive Health Enhancement
Support System (A-CHESS) sent context and place-based
messages and included multiple other services such as
a phone and data plan, access to a virtual counsellor
and other interactive features.*® LowSalt4Life contained
features including low sodium options and alternatives
at grocery stores or restaurants, and the ability to scan
product barcodes to find similar low-sodium options.
Q Sense intervention participants decreased from 60%
of pre-quit smoking days to 39% post-quit. UBeSafe
intervention reported that all participants were able
to trigger a hot zone where sexual contacts often took
place and received a place-based prevention message.”
Finally, Wright et al,"' used a pre/post design, and found
increases in community knowledge about the dental
clinic (p=0.045) and increased number of dental visits
post intervention.
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Indirect intervention outcomes

Two studies used the geofence to track time working
from medical practitioners or surgical residents. Owei et
al, found the mean number of working hour violations
for surgical residents’ postintervention significantly
decreased (p=0.04) compared with pre-intervention and
compared with the previous year (p<0.01).** Connor and
Herzig, showed a significant correlation of early depar-
tures from operating room duties following late depar-
tures the previous day (p<0.01) and better dispersion of
working hours (p=0.002) compared with the previous
year.” Two other studies geofenced major hospitals to
detect hospitalisation of high priority patients. Nguyen
et al, found the geofenced mobile application detected
800 unique participants who triggered a geofence, with
a predictive value of true hospitalisation between 65%
and 78%."® Similarly, from a sample size of 21, four of the
participants activated the alert system for patients with a
ventricular assist device to their on-call care team when
they triggered an emergency room geofence.*

Acceptability measures

Five studies reported data regarding acceptability of the
geofencing mobile application in which all participants
were positive regarding the value of the intervention.
Participants in two studies with indirect intervention
found the application useful and described knowledge of
being monitored provided a sense of security.* * Addi-
tionally, participants in two studies did not have concerns
regarding the continuous geolocation tracking for inter-
vention purpose,” ** but did stress the importance of
transparency regarding the use of this data.*” Finally,
in one interactive study, participants contributed to the
creation and curation of geofenced hot zones as well as
the prevention messages received when hot zones were
triggered, accounting for 67% of hot zones created and
used by the study.”

Place-based mechanisms

Four studies used a behavioural mechanism in their
geofencing intervention.” *****" Four studies used a social
mechanism which included informational support such as
existence of a rural dental clinic*' and availability of menu
grocery store items that were low in sodium.* 64T A -
tionally, participants were able to interact with counsellors
though the application and review their data concerning
visiting high-risk locations for further intervention*® or
sharing context specific messages with other users on the
application.” Finally, five studies used a cognitive mecha-
nism that provided the participant a sense of safety, secu-
rity or knowing that their information was captured.® *°
These included reporting to care teams when the partic-
ipants were hospitalised,'® ** capture of time and effort
spent working in a clinical environment,* *® and partic-
ipants counsellor viewing their location and interacting
with their place-based data of proximity and time spent in
high-risk areas for binge drinking.*

Reporting and quality measures

All included studies reported on at least six items (online
supplemental appendix 3). Position Health,* Stat!*
and ResQ* reported on how the intervention and data
collected integrated into an existing health information
system and described some data security procedures.
CHESS" and the Wright et al'! intervention conducted
some cost assessment regarding the delivery of the inter-
vention or cost to the participant to use the participant.
No study reported on compliance of the intervention
or data collection mechanism compliance with national
guidelines or federal statutes. We did not assess confi-
dence in the body of evidence or risk of bias.

DISCUSSION

The purpose of this scoping review was to describe the
use of geofencing as an intervention and mechanisms
that were targeted to achieve various health outcomes.
A geofence involves creating a virtual predefined set of
boundaries or ‘fences’ around a geographical location,
including using GPS technology. Geofencing method-
ology can be used in public health research—both in
observational and intervention studies. Thus, geofencing
can be a valuable tool in intervention research, enabling
researchers to study and implement interventions in
specific geographical areas. For example, geofencing
allows researchers to precisely target specific areas for
intervention. In addition, geofencing allows researchers
to send location-based notifications (an intervention)
to participants, including on their mobile devices. We
identified only nine studies that fitted the criteria and,
as expected, most publications were relatively recent.
We found that the design of the geofencing intervention
varied yet acceptability was good among study partici-
pants and impact was not assessed in all studies.

Of the studies included, only one was focused on a
sexual and gender minority sample and only one with
majority black, Indigenous people of colour (BIPOC),
who experience disparities on a vast number of health
outcomes due to social and structural factors such as
racism and homophobia.”> Lack of inclusion of these
populations is a significant gap that should be monitored
as more studies are conducted. In addition, most studies
were conducted in the USA, with no studies in developing
countries, South America, Africa or Asia, which could
represent an important opportunity.

The included studies described a range of user input of
the geofenced locations from researcher only selection
to user selection. This characteristic of an intervention
merits consideration. User selection of geofenced loca-
tions may be prone to bias and recall issues.*® Researcher
selected locations may not consider the variability of their
sample’s place-based contexts and may under count loca-
tions that should be geofenced. The hybrid approach has
the potential to address both limitations. Future studies
using geofencing technology may warrant comparative
studies of the user input approaches and be specific about

Tobin K, et al. BMJ Open 2023;13:€069374. doi:10.1136/bmjopen-2022-069374

5


https://dx.doi.org/10.1136/bmjopen-2022-069374
https://dx.doi.org/10.1136/bmjopen-2022-069374

the rationale for the type of locations that are geofenced
and the user input of these so that studies can be compa-
rable and be conducted in non-Western contexts.

Some of the interventions explicitly identified a theo-
retical model or foundation, and all the studies described
targeting atleast one of the mechanisms of action from our
proposed framework. The studies in which the geofencing
intervention targeted the cognitive mechanism were
primarily addressing surveillance of the participants and
messages to cue cognitions about their location. Cueing
is a significant component of many effective interven-
tions as they serve as reminders to engage in behaviours
of interest.*' For example, wearing a bracelet that has a
phrase as a reminder to take medication. Cues can focus
on both the protective and risk dimensions of the mech-
anism. For example, if an individual triggers a geofence
of a place they have identified as associated with a sense
of control, a geofencing intervention could sent a text
message that reminds the individual to engage in self-
care. In places where stigma is anticipated a geofencing
intervention can send a text message that reminds the
individual about adaptive coping behaviours.

Studies using the behavioural mechanism described
very specific behavioural targets such as buying lower
sodium food, avoiding places of alcohol use, condom
use and smoking cessation. As building self-efficacy is
a well-established theoretical construct necessary for
behavioural change,** future studies should include
opportunities to watch the desired behaviours be role-
modelled and practiced to enhance the efficacy of the
geofencing intervention.”

Studies that used the social mechanism were focused
on the provision of both informational and emotional
support. One study included a component in which the
participants could create messages for other users of the
geofencing application. As there are different types of
social support (eg, emotional, appraisal, economic and
informational) future studies should be specific and trans-
parent about the types being targeted. With additional
geofencing studies, a future review can be conducted
using meta-analytical methods to determine the quanti-
tative effectiveness of geofencing interventions in popula-
tion health research.

Limitations

The search strategy was limited to English articles in
PubMed, CINAHL, EMBASE, Web of Science, Cochrane
and PsycINFO and we acknowledge other publica-
tions may not have been captured with these. There
was heterogeneity in how studies reported intervention
development, theoretical frameworks and feasibility and
acceptability of the intervention. This reduced the ability
to properly assess the extent of behavioural mechanism
used for the given outcome. Additionally, as geofencing
is a new technology, not many peer-reviewed articles have
been published and this scoping review chose to exclude
conference abstracts.

Conclusions

This scoping review found geofencing to be an emerging
technology, that is, an acceptable and feasible interven-
tion applied to several different populations and health
outcomes.” Attention to the mechanisms of actions
will enable the field to understand not only whether
geofencing is an appropriate and effective intervention
but why it works to achieve the outcomes we observe.
There is a need for future research that includes sexual
and gender minority and BIPOC populations and popu-
lations from non-Western contexts to achieve the Health
People Framework objectives given the persistent find-
ings that BIPOC and sexual and gender minorities (SGM)
populations. These studies could address those health
outcomes where disparities are stark such as HIV/AIDS,
cardiovascular, diabetes, COVID-19-related and monkey
pox (mpox). Finally, future research can reveal place-
based contexts that have not been considered which
can inform resource allocation and targets for health-
promoting policies.
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