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ABSTRACT This report aims to provide practical advice about the implementation of a public health
monitoring system using both geographic information system technology and mobile health, a term used for
healthcare delivery via mobile devices. application amongst household residents and community stakeholders
in the limited resource community. A public health monitoring system was implemented in a semi-rural
district in Thailand. The challenges encountered during implementation were documented qualitatively in
a series of monthly focus group discussions, several community hearings, and many targeted interviews.
In addition, lessons learned from the expansion of the program to 75 other districts throughout Thailand
were also considered. All challenges proved solvable yielding several key pieces of advice for future project
implementation teams. Specifically, communication between team members, anticipating technological
challenges, and involvement of community members are critical. The problems encountered in our project
were mainly related to the capabilities of the data collectors and technical issues of mobile devices, internet
coverage, and the GIS application itself. During the implementation phase, progressive changes needed to
be made to the system promptly, in parallel with community team building in order to get the highest public
health impact.

INDEX TERMS Healthcare deliveries, community-based distribution, mhealth, technology translation,
geographic information system, public health.

I. INTRODUCTION AND CLINICAL NEED
Geographic information systems (GIS) are computer systems
designed to capture, store, manipulate, analyze, manage, and
present spatial and geographical data [1]. Globally, GIS tech-
nology has great potential to aid public health efforts and has
been applied to public health in at least three ways. First,
GIS technology can increase understanding of how andwhere
health care services are accessed, leading to more targeted
plans to address coverage and access issues [2], [3]. Second,
interactive maps produced using GIS techniques are useful
for monitoring the live spread of diseases in the population

by strengthening disease surveillance, examining disease risk
factors, and planning and evaluating interventions [4], [5].
Third, GIS can also aid the development of community pro-
files, giving healthcare workers knowledge of demographic,
economic, healthcare, and lifestyle characteristics of the pop-
ulation as well as information about exposure to potential
environmental hazards [2], [6]–[8].

Combining GIS with mobile health (mHealth) initiatives
can lead to powerful benefits. mHealth is any use of mobile
phones as a platform for delivery of health care, health
monitoring, or health data collection. Example applications
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can range from simple reminders prompting patients to take
medications on time to diagnostic questionnaires. mHealth
is fast and cheap while maintaining patient privacy, and
due to the ease of collecting geographic data from mobile
devices, mHealth can be easily integrated with GIS allow-
ing for powerful public health inferences. A recent review
found that most research employing mobile technologies
and GIS for enhancing health care and health information
systems report positive results, but almost none discuss
implementation issues [9]. Lack of practical implementa-
tion descriptions may limit widespread adoption of these
systems.

In 2014, an interdisciplinary research team from Chiang
Mai University, addressed these issues and developed first
ever community healthcare profiling system using mHealth
technology [10]. This system allowed trained data collectors
to gather data from community members and upload that
data directly into a cloud-based database. For this project,
the information collected included demographics, disabili-
ties, disease prevalence, psychological disorders, drug abuse,
community activities, and beliefs (See Table 1 and ref. 20 for
more detail). This project focused on the semi-rural district of
Saraphi in Chiang Mai province and aimed to give healthcare
providers in Chiang Mai geographically indexed and easily
searchable information to profile the public health of their
communities using an up-to-date digital format. Since our
original report [10], the project has scaled up from 1 province
to 52 provinces over the past five years.

Indeed, there has been a sudden surge in publications of
studies using GIS to address public health issues through-
out Thailand. Investigations have focused on the incidence
and spatial patterns of major infectious diseases such as
malaria [11]–[13], dengue [14]–[16], and tuberculosis [17].
Some studies have also utilized GIS to identify areas and
populations at risk of chronic diseases such as cancer and
hypertension [18], [19]. In one study, Rujirakul et al. studied
the distribution and risk factors of parasitic liver fluke infec-
tions in Surin Province in Eastern Thailand using GIS-based
software for proper allocation of prevention and control
measures [20].

An important reason for this success is that Thailand has
sufficient smartphone penetration to make mHealth imple-
mentation feasible even in rural locations. 63% of Thais
have smartphones, compared to 46% across South East
Asia [21]. And even in rural locations, the cheapest handsets
and data plans are now powerful enough to support GIS-based
mHealth applications.

In light of the public health need presented by the current
COVID-19 pandemic, and the increasing worldwide pene-
tration of smartphone ownership, we believe that successes
like those accomplished in Thailand can be accomplished
elsewhere. To address a lack of practical advice on mHealth
and GIS public health system implementation, this paper will
share an updated review of our experiences implementing
Thailand’s first ever community healthcare profiling sys-
tem [10]. To highlight the type of insight made possible

through the collection of this type of dataset, we will share
an example analysis of dengue fever prevalence. However,
our main focus will be on the aspects of our experience that
have proved most useful as the project has been expanded
to 51 more provinces over the last five years. Our goal is
to provide teams seeking to implement similar systems with
an account of the challenges that we faced and the solutions
we found. The primary data for this report were collected
from focus groups involving the project implementation team
members and the community stakeholders.

II. METHODS
A. APPLICATION AND DATABASE MANAGEMENT
The mHealth application, ‘‘CMDigiHealth’’, was previously
developed as a mobile information management applica-
tion, supporting both iOS and Android platforms. The appli-
cation is described in detail in our previous report [10].
Briefly, the application served as a platform to distribute
health surveys quickly and easily to large groups. The
application also collected global positioning system (GPS)
coordinates. The application’s graphic user interface was
developed using HTML5 and PHP with MySQL as a
database management system (DBMS). The data were stored
in a private cloud server, OpenNode GCP, which oper-
ates on CentOS version 6.5 and can be made available at
http://cmhealthinformatics.com/.

To ensure patient privacy, the database could only be
accessed from the IP address of the Hospital of Saraphi
and access also required authorized username and password
information. In addition, data access was organized such that
only the project director, hospital director, and head of the
provincial office of Chiang Mai could access the full dataset.
Access to subsets of the data was made available to individual
healthcare providers as needed.

CMDigiHealth manages and queries information using
GPS coordinates as its index. Using location coordinates to
index files yielded high quality spatial information which
served as an automatic organizing principle for storing, updat-
ing, analyzing, and visualizing the data. This meant that
there was no need for any data cleaning, entry, or organizing
between data collection and data availability for analysis/
visualization.

B. DATA COLLECTION
The primary data for this report are drawn from a series of
structured focus group sessions and questionnaires involv-
ing project implementation team members and community
stakeholders (described in more detail in methods section E).
Project implementation took place primarily between
October 2013 and October 2016. Focus group sessions
were carried out throughout project implementation and
have continued to the time of writing. In addition, stan-
dardized metrics for user experience with the application
were collected during project implementation as described
below.
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C. PARTICIPANTS
Focus groups included the developers and designers of
the GIS application and 150 trained data collectors.
We also engaged 80 government officers, 12 chairmen
and 30 volunteers from village health volunteer offices
and community leaders as stakeholders during the devel-
opment and translation of the mHealth system to the
community.

D. ETHICAL CONSIDERATION
Ethical clearance for this research was obtained from
the Research Ethical Committee of Faculty of Nursing,
ChiangMaiUniversity, Thailand (RecordNumber 104/2555).
Informed consent was sought from developers, data collec-
tors, and stakeholders. All participants were clearly informed
about the voluntary nature of participation during evaluation
and their right to withdraw from the interviews and focus
group discussions.

E. mHEALTH TRANSLATIONAL PROCESS
The study has been split into three translational phases includ-
ing preparation, implementation, and evaluation. For all three
phases, questionnaires, interviews and focus group discussion
guidelines, and recoding forms were used in the study. All
tools were validated by a panel of nine experts of epidemiol-
ogy, public health, and GIS which are researchers and staff
members from Faculty of Nursing, and Faculty of Medicine,
Chiang Mai University.

1) PREPARATION PHASE
During the preparation phase, the mHealth application was
developed, the data collectors were recruited and trained.
In addition, a public awareness campaign sought to inform
community leaders, public health authorities, village health
volunteers, and community residents about the benefits of and
process of mHealth public health data collection before the
first launch of the mHealth application.

In this phase, the finalized questionnaires were printed
and used to train the data collectors in order to ensure their
ability to correctly explain health questions to community
members. The application developers were also interviewed
by the project leaders on a regular basis in order to monitor
any issues that arose with the application.

2) IMPLEMENTATION PHASE
The trained data collectors were assigned to collect health
information from their assigned areas. Data collectors went
into the field to collect health information using the CMDigi-
Health application from community members. During this
phase, data collectors and application developers worked
collaboratively to solve on-site problems as they arose.
We also began formal focus group discussions to identify
problems and successes identified by different team mem-
bers. These were held monthly throughout the duration of the
project.

3) EVALUATION PHASE
Stakeholders’ meetings were held during this phase to eval-
uate the collected information. In addition, a public hearing
was held to discuss ethical issues surrounding the access and
use of the collected data. Focus group discussions continued
during this phase. These focused on producing structured
guidelines that could be applied to help in the implementation
of similar projects in the future.

F. OUTCOME MEASUREMENT
The health data collected during project implementation pro-
vided a large range of descriptive statistics that could be
assessed over geographically defined subgroups of the com-
munity to healthcare providers. This ability had previously
been unavailable. Although not the focus of the present
report, to provide insight into the power of this dataset
and database management system, one example analysis is
provided in Fig. 2. When the Dengue cases report can be
mapped with the residents which were previously request
for the mosquitoes’ larvae elimination from the provincial
health office, the generated report can help us to assess the
effectiveness of mosquitoes’ larvae elimination process.

To assess the usability of the application tests were
performed using standards established by the International
Organization for Standardization (ISO) [22]. Tests included:
effectiveness, system efficiency, and user satisfaction. Effec-
tiveness was measured by assessing the percentage of users
who could complete a given set of tasks and assessed
across the data collectors (n=150). System efficacy was mea-
sured by surveying the level of effort and resource use by
the user to achieve usability goal(s). In addition, average
time to complete each task was measured. User satisfac-
tion tests satisfaction with the intervention, the satisfaction
with the implementation process, and the satisfaction with
solutions. Satisfaction tests utilized System Usability Scales
(SUS) [23], [24]. SUSs are questionnaires in which partici-
pants are asked to indicate their agreement/disagreement with
a series of statements on a 5-point scale. For example, SUSs
used statements like, ‘‘I found this system unnecessarily
complex.’’ and, ‘‘I thought the system was easy to use.’’ In
addition, more general impressions of the app were gleaned
from interviews with data collectors conducted throughout
project implementation.

To assess the experience of project implementation includ-
ing problems and solutions encountered, qualitative data from
the public hearings and focus group discussions were sub-
jected to thematic analysis. Specifically, a tacit knowledge
management model was used for the focus group discus-
sions to gather individual experiences and information. There
were 4 sub-processes included: socialization, externalization,
combination, and generalization which was adapted from
Driedger et al. [25] as shown in TABLE 1. The data collec-
tors’ satisfaction level with the solutions from the knowledge
management process was measured.
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FIGURE 1. CMDigiHealth application conceptual working diagram.

TABLE 1. Data attributes being collected in the GIS-linked health
information system at Saraphi district.

To measure how easily the lessons learned from the
implementation of the original program transferred to novel
settings, the number of new provinces adopting and imple-
menting the program was monitored. Finally, we assessed
what factors were important in the maintenance of the pro-
gram in new areas.

FIGURE 2. GIS-based reporting system shows the GPS location of
households with dengue fever patients (red pin) and the GPS location of
the natural creek/pond where mosquitoes larvae have been reported
(blue pin).

III. RESULTS
Over the study period, the health data from 53,458 (65.87%
of the district) individuals and 17,069 (74.59% of the district)
households were collected and validated. None of all 150 data
collectors was dropped out. The collected information was
made available online at www.cmhealthinformatics.comwith
user authentication. Sample of data visualization is shown
in Fig. 4.

A. USABILITY OF THE CMDigiHEALTH APPLICATION
The application was developed to meet the international stan-
dard requirement for Human-centered design for interactive
systems (ISO 9241-21:2019). All of our data collectors were
able to complete 4 tasks given which are including (i) reg-
istration and login, (ii) complete patient health profile form,
(iii) attach a photo and retrieve GPS location, and (iv) gener-
ating a report. The efficacy test found that the average time
to complete each task was 13.21 (6.42 - 19.56) minutes/task.
Of all 150 data collectors, 132 (88%) were able to complete
all tasks with no help and 18 (12%) were able to complete
all task but with minor help from the test leader. The system
effectiveness found that the application was crashed 11 times
in 920 launched during the tests (1.19% crashed). The SUS
scores for user satisfaction with the intervention, satisfaction
with the implementation process, and satisfaction with prob-
lem solutions were 87.1, 85.47, and 87.82 respectively.

Random interviews with the data collectors revealed that
the final mobile application was easy to use and appropriate
in design for collecting and editing data. The data collectors
found it easy to record and upload data in many file types
such as JPEG, PDF, and PNG.
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FIGURE 3. Tacit knowledge extraction model used in effectiveness
assessment.

B. EXPERIENCE OF PROJECT IMPLEMENTATION:
PROBLEMS ENCOUNTERED AND SOLUTIONS FOUND
1) DATA COLLECTORS
The majority of data collectors with experience in conduct-
ing health surveys lacked technical skills in using mobile
applications for recording answers for questionnaires. For

example, there were many incomplete survey forms due to
the failure of the data collectors to link the completed data
in one section to another section. Some data collectors were
not confident submitting completed questionnaires from the
field and asked the local staff at the hospital to print the
interview data. They checked the accuracy and only then
uploaded the data online. The data collectors also complained
that the application limited the duration of data collection in
the field such that they had to rush to complete the survey.
These data collectors tended to be between 40 and 45 years
old. Some of these experienced health volunteers did not have
a smartphone, for whom we arranged to borrow mobile data
collection devices from the local government authorities.

To help increase the technological fluency of our data
collection team, we recruited new data collectors at secondary
and vocational schools. These young data collectors pos-
sessed smartphones, had technical skills, and had free time
to help with data collection. We also envisioned that utilizing
youth in data collection would engage them with community
problems firsthand.

FIGURE 4. Data visualization from CMDigiHealth system shows the geographic-based data collection (A), integrated street-view (B), and descriptive
statistic from each parameter and attributes collected (C).
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Although young data collectors were internet savvy and
used mobile devices fluently, many of them had diffi-
culty understanding the sensitive nature of the information
requested on the questionnaire, and they sometimes lacked
the communication skills and patience needed for health
research in the community. As a result, community members
felt uncomfortable discussing personal issues with some of
the younger data collectors.

To address these issues, we paired older experienced data
collectors who lacked technical skills with younger inexpe-
rienced data collectors who had technical skills. These data
collection teams proved highly effective.

2) COMMUNITY RESIDENTS
During the household survey, some residents did not have
some information required in the questionnaire, which neces-
sitated more than one interview to complete the survey.
Some of the residents were irritated due to repeated inter-
views. Some topics of the questionnaire asked about sensi-
tive issues such as household income and debts. We found
that it was important to train data collectors to be sensi-
tive when dealing with community members. In addition,
we utilized a public awareness campaign so that community
members would already have heard about the project before
being contacted by data collectors. This campaign included
video and print media (e.g. https://www.youtube.com/
watch?v=op5ZZoGqIBE, https://www.youtube.com/watch?
v=c-ShPUuUq2U).

3) ACCESS TO LOCAL COMMUNITIES
At the start of this project, some community leaders were
busy and could not envision the benefits of the project to their
community. Collaboration at the community level with the
leaders and local organizations was low at the beginning, and
this hampered data collection in some villages. We realized
that instead of trying to convince the local stakeholders with
the technological aspects and potential impact of the project,
we needed to demonstrate the implementation of the data
collection in at least one village and present examples of
data visualizations that could be used for policy making.
The example visualization of dengue fever prevalence shown
in Figure 3 is representative of the type of visualization used
to convince community leaders of the project’s value.

We learned the importance of engaging community leaders
and policymakers at the local level during the preparation
phase of the project. This local leadership played an effec-
tive role in supporting the research project by facilitating
in the selection of potential data collectors, allocation of
budget to support data collection, and utilizing the data for
policymaking.

4) DATA COLLECTION PERIOD
Most data collectors suggested that the period of data
collection should be lengthened to allow more time for
familiarization with the technological skills required. We had
set up 7 months for data collecting process at a very first start

of the project, after 6 months passed, we realized that the
number of data collectors was not enough. The data collection
was also slowed because some data collectors were high
schoolers who could only collect data after school hours.
In light of this, we had to train new data collectors and extend
the data collection period by two months. We learned that
when implementing health research using innovative technol-
ogy, the data collection needed to be sufficient to accommo-
date un/anticipated delays in resolving technical and human
errors.

5) MOBILE DEVICE ISSUES
The mobile devices (smartphones and tablets) used by the
data collectors varied widely in terms of operating system
(Android or iOS), versions, display sizes, and available fea-
tures. Technical problems faced by the data collectors were
directed to the data technicians at the call centers. Technicians
were specialized on either iOS or Android systems, and it was
often necessary to fix the same problem multiple times for
different types of mobile devices. Because of how difficult
it was to anticipate these issues, there was a continuous
need for technical expertise throughout the study period.
This ensured that compatibility problems could be solved
quickly as different types of mobile devices were used for
data collection. Future studies would benefit from recruiting
developers with expertise in both iOS and Android platforms
in order to streamline fixing problems across platforms. There
may be a temptation to standardize smartphone/tablet hand-
sets to alleviate many of these issues, and this may be an
appropriate solution in some contexts. However, we believe
that ultimately the application’s adoption was more robust
because of its ability to run on as many different mobile
devices as possible.

Some mobile devices simply could not be used for the
study as they either did not support 3G SIM cards on the
850MHz frequency or could not locate GPS coordinates.

6) INTERNET CONNECTIVITY ISSUES
During the implementation phase, the mobile application
needed to link the GPS coordinates with the collected data
via the internet. This brought about several problems either
related to the ability of the mobile device to locate GPS
coordinates accurately, the strength of WIFI or 3G signal in
the locality or uploading the data into the main system via the
internet.

We addressed internet connectivity issues in two ways.
First, the development team made changes to the application.
The order of questions was revised such that major/important
data were collected first. This ensured that if internet connec-
tivity were lost part way through collection, themost essential
data would have already been collected. The developers also
improved the offline data collection functionality, allowing
data to be saved to individual mobile devices and uploaded to
the cloud later.

Second, to improve the 3G internet coverage, we coordi-
nated with True Corporation who extended their 3G signals
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to better cover the study area. We also instructed the data
collectors to use other appropriate 3G networks in the area.
We found that data service providers were amenable to work-
ing with us and suggest that future projects will likely benefit
from partnering with local service providers.

7) GEOGRAPHIC INFORMATION AVAILABILITY
We utilized Google Maps Street View as a primary tool in
linking data obtained with the questionnaire to geographic
locations via GPS coordinates. Street View is a free tool
that provides photographs taken by vehicles on-the-ground of
all locations along streets. These photographs are collected
and uploaded to Google’s database by specialized vehicles
equippedwith 360-degree cameras andGPS. Street View data
were extremely useful in providing precise localization of
community members. However, not all of our study area had
Street View data available. We reached out to Google and
coordinated with them to send Street View cars to expand the
available data set in Saraphi district. Google was amenable
to the project and expanded its Street View coverage to
our entire study area. As with internet connectivity issues,
we suggest that future studies should reach out to relevant
corporations (i.e. Google) to see if they are willing to help
expand coverage in target study areas. For both internet con-
nectivity and geographic information availability, out project
would have benefited even more by addressing these issues
sooner.

C. TRANSFERRING LESSONS OF IMPLEMENTATION TO
NEW PROJECTS
Over the study period, there were 75 additional provinces
throughout Thailand that reached out to us for help
adopting the program. 51 provinces successfully com-
pleted the training process and were able to develop their
community-specific application. Of these 51 provinces,
39 provinces completed at least 60% of their target data
collection and are continuing to collect and updated their
databases. For these 39 provinces, the application has become
a part of their routine health information management with
secured funding from local policymakers and stakeholders.
The other 12 provinces have all begun some level of data
collection.

The ownership of local information and each province’s
local version of the application and database system has
been transferred to the local government health office. Each
province has established its own active committee regarding
the maintenance of the project. Long-term maintenance of
the project relies very much on the organization-community
level.

IV. DISCUSSION
The present report provided a review of the major challenges
that were encountered during the implementation of a com-
munity health database system combining mHealth and GIS.

The results of data gathered from focus group discussions,
community hearings, questionaries, and targeted interviews

indicated that all challenges could be overcome, and a com-
mon thread inmeeting challenges was the importance of com-
munity involvement and constant communication between all
involved. Specifically, there were several lessons that should
be considered by future teams implementing similar projects.

First, it is important to assess data coverage and geograph-
ical data resources early and to partner with companies to
expand resources where necessary.

Second, local community leaders should also be
approached early in the process. In our project, examples
of end products from similar health projects in nearby areas
proved most effective in convincing local leaders of the
project’s utility.

Third, public awareness of the project should be raised
as much as possible. In our project, we created promotional
videos and flyers, as well as monthly public hearings

Fourth, data collectors need to be both technologically
savvy and have sensitivity and local knowledge when dis-
cussing personal issues. In our experience, teaming up
younger, tech-savvy data collectors with more-experienced,
local data collectors worked best. Alternatively, future
projects could allow more time for community training for
younger data collectors and technology training for experi-
enced data collectors. It was also important to recruit data
collectors from local villages whenever possible.

Fifth, application development is an ongoing process.
Projects should plan and budget for a staff of code developers
to troubleshoot compatibility and usage issues as they arise
throughout.

Sixth, the data collection period should be long enough to
allow for setbacks. Ours ended up going two months beyond
our initial schedule.

Seventh, continuing engagement between project team
members and community stakeholders is critical for catching
problems early and improving systems.

Eighth, long term sustainability of public health benefits
relies on local leaders and healthcare workers taking own-
ership and maintenance of the database system and applica-
tion. This is best accomplished when these stakeholders are
involved in the project from the earliest stage possible.

Our experiences were similar to other researchers who
have also found that gaining support of community leaders
is a common challenge, particularly in rural areas [26], [27].
In Saraphi, we faced low support from the local community
at first. Effective community engagement was achieved by
increasing dialogue via meetings, a public hearing, and a
demonstration of data visualization from a pilot village.

Community engagement yielded unexpected benefits.
We gained access to existing public health infrastructure.
Feedback from community leaders modified the question-
naire to reflect local needs so data could be more culturally
relevant and practically useful to the community.

In the years since the launch of our project in Saraphi
district, 75 additional districts across Thailand have at least
begun implementing similar projects, and 39 of these have
already completed over 60% of their data collection. Across
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these projects, the keys to success were similar to the lessons
learned in Saraphi district. Specifically, team-building strate-
gies to build relationships between project organizers and
community members, a budget to fund continuous applica-
tion development during data collection, and finding com-
munity members interested in taking over ownership and
maintenance of the project were three critical factors.

In addition to identifying challenges, review of the
project’s implementation revealed several unintended bene-
fits. Younger data collectors were given a chance to become
more involved in their communities. So far, the large majority
of our data collectors have remained active with the program
even several years out. Older data collectors have gained new
skills in dealing with technology. Saraphi district as a whole
has benefited from continued increased 3G and Google Maps
Street View coverage.

V. CONCLUSION
After required modifications, our GIS health information sys-
tem was well-optimized for public health use and the lessons
learned in this study will serve as a guide for similar public
health projects in the future. Our field experiences demon-
strate that communication between team members, anticipat-
ing technological challenges, and involvement of community
members are the three most important areas for future project
teams to consider.
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