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Abstract

Background: For the last 10 years, mobile phones have provided the global health community with innovative and cost-effective
strategies to address the challenges in the prevention and management of dengue fever.

Objective: The aim is to introduce and describe the design and development process of Mozzify, an integrated mobile health
(mHealth) app that features real-time dengue fever case reporting and mapping system, health communication (real-time worldwide
news and chat forum/timeline, within-app educational videos, links to local and international health agency websites, interactive
signs and symptoms checker, and a hospital directions system), and behavior modification (reminders alert program on the
preventive practices against dengue fever). We also aim to assess Mozzify in terms of engagement and information-sharing
abilities, functionality, aesthetics, subjective quality, and perceived impact.

Methods: The main goals of the Mozzify app were to increase awareness, improve knowledge, and change attitudes about
dengue fever, health care-seeking behavior, and intention-to-change behavior on preventive practices for dengue fever among
users. It was assessed using the Mobile Application Rating Scale (MARS) among 50 purposively sampled individuals: public
health experts (n=5), environment and health-related researchers (n=23), and nonclinical (end users) participants (n=22).

Results: High acceptability and excellent satisfaction ratings (mean scores ≥4.0 out of 5) based on the MARS subscales indicate
that the app has excellent user design, functionality, usability, engagement, and information among public health experts,
environment and health-related researchers, and end users. The app’s subjective quality (recommending the app to other people
and the app’s overall star rating), and specific quality (increase awareness, improve knowledge, and change attitudes about dengue
fever; health care-seeking behavior; and intention-to-change behavior on preventive practices for dengue fever) also obtained
excellent satisfaction ratings from the participants. Some issues and suggestions were raised during the focus group and individual
discussions regarding the availability of the app for Android devices, language options limitations, provision of predictive
surveillance, and inclusion of other mosquito-borne diseases.

Conclusions: Mozzify may be a promising integrated strategic health intervention system for dengue fever case reporting and
mapping; increase awareness, improve knowledge, and change attitude about dengue fever; and disseminating and sharing
information on dengue fever among the general population and health experts. It also can be an effective aid in the successful
translation of knowledge on preventive measures against dengue fever to practice.
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Introduction

For the last 10 years, mobile phones have provided the global
health community with innovative and cost-effective strategies
to address the challenges in the prevention and management of
dengue fever [1]. Dengue fever, which is considered an
international public health concern, especially in tropical and
subtropical countries, puts an estimated 2 to 3.97 billion people
at risk of hospitalization and even death [2,3].

Mobile health (mHealth) is a concept that uses mobile
communication devices, such as mobile phones, to deliver
services through mobile apps [1]. Apps are specialized software
programs that are often equipped with the capability to link to
internet sources and services, including health care providers
[1]. App-enabled mHealth is emerging as the driver for
next-generation telemedicine and telehealth [1]. However, there
is a lack of apps that address the prevention and control of
dengue fever with relevant studies.

To our knowledge, only one app has been developed with
relevant studies, Mo-Buzz. It is a mobile pandemic surveillance
system for dengue fever with three main components: predictive
surveillance, civic engagement, and health communication [4,5].
These components address the three main limitations in the
control and management of dengue fever: (1) use of traditional
epidemiological methods (eg, failure to identify the “turning
point” of the outbreak leads to vector control measures such as
carpet-combing [“search-and-destroy” mosquito breeding sites]
near or at the peak of transmission be less impactful [6]), which
leads to reactive or poor disease monitoring and surveillance;
(2) lack of participation from the public; and (3) lack of effective
and interactive health education for the public, which prevents
successful translation of awareness or knowledge into actions
[4].

Although Mo-Buzz was found to play a significant role in the
management and control of dengue fever, we have developed
a different mobile app, Mozzify, which offers an integrated
mHealth system to address the challenges in dengue fever
prevention and management. It has three components: real-time
surveillance, health communication, and behavior modification.
The main component is the real-time surveillance feature for
reporting and mapping dengue fever cases (both
laboratory-confirmed hospital and probable dengue fever cases)
and mosquito bites. Compared with Mo-Buzz, Mozzify reports
and maps dengue fever cases and mosquito bites in real time
(versus predictive surveillance) through an online Web map
system. There is a lack of spatiotemporal data for dengue fever
cases; the data from the real-time surveillance will serve as
springboard data for combined predictive and real-time reporting
and mapping features of the app in the future. These will be
helpful to identify dengue fever hotspots (locations with high
incidences of dengue fever cases), so health officials can deliver
prompt and early warning communication as well as awareness
to the public who are at risk of contracting the disease. Another
difference is that Mozzify not only allows reports of probable

cases of dengue fever and mosquito bites but also allows
reporting of laboratory-confirmed dengue fever cases. Kao et
al [7] recommended the introduction of a holistic surveillance
system (eg, clinical, serological, and virological) to prevent
large-scale epidemics and severe dengue fever cases. The study
also recommended the use of a geographical information system
for spatial analysis and epidemic prediction models [7].

Another difference of Mozzify from Mo-Buzz is the inclusion
of some features in the health communication component. We
have developed a system that reports real-time worldwide news
about dengue fever and other mosquito-borne diseases;
within-app educational videos on the diagnosis, treatment, and
management of dengue fever and control of vector mosquitoes;
links to websites of local and international health agencies; and
a real-time timeline chat forum for sharing information among
users. These features aim to increase the public’s awareness of
the signs and symptoms, treatment, and management of dengue
fever as well as the prevention and control of vector mosquitoes.

In addition to these features that center on real-time data, two
other unique features of Mozzify that differentiate it from
Mo-Buzz are the signs and symptoms checker and the interactive
hospital directions. We designed a system that lets users check
their signs and symptoms of dengue fever and identify the
hospitals that have dengue fever express lanes and cater to
Dengvaxia-vaccinated individuals. The aim is to not only inform
users about the signs and symptoms of dengue fever but also
motivate their health care-seeking behavior, which is based on
the health belief model.

The health belief model is a widely used social cognition model
to predict health behaviors. This model suggests that a change
in behavior or action can be expected if a person perceives
themselves to be at risk or susceptible to the disease (perceived
susceptibility), that the disease will have serious consequences
(perceived severity), a course of action will minimize
consequences (perceived benefits), and the benefits of action
will outweigh the cost of barriers (perceived barriers) and
self-efficacy [8]. However, barriers to sustained self-prevention
against dengue fever are caused by a lack of self-efficacy, lack
of perceived benefit, and low perceived or unsure susceptibility
[9]. People who perceive themselves at risk of dengue fever
visit a health care provider promptly compared with those who
perceive the opposite [10]. Health care-seeking behavior is also
greatly influenced by the inadequacy of primary health care
facilities in giving adequate services to dengue fever patients
[11].

More importantly, what makes Mozzify different from Mo-Buzz
is the inclusion of behavior modification as an important
component to address the poor translation of awareness or
knowledge of the different preventive practices against dengue
fever into actions. To address this, we added a feature that allows
users to choose and add items on the list of preventive practices
against dengue fever and directly transmit it to the built-in
iPhone iOS Reminders app to set-up dates and locations of
alerts. It has been reported that epidemiology is strongly
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associated with human habits and activities [12]. Kumaran et
al [13] and Shuaib et al [14] reported that knowledge of the
causes, signs, symptoms, mode of transmission, and preventive
practices against dengue fever is not correlated with the practice
of preventive measures against dengue fever. Thus, health
programs should be designed to focus on translating knowledge
into better and effective practices against dengue fever through
behavior change. Many programs continue to focus only on
changing people’s knowledge or raising awareness rather than
physical activity programs, which are more successful at
producing behavior change [15]. We have used the concept
behind Communication for Behavioral Impact (COMBI), a
comprehensive strategy that uses communication for knowledge
to have a significant effect on behavioral change (making people
aware, informed, convinced, and decide to act, then repeating
and maintaining that action) to increase the practice of
preventive measures against dengue fever [13,16].

This paper aims to describe the design and development process
of the Mozzify app. We will also assess it in terms of
engagement and information-sharing abilities, functionality,
aesthetics, subjective quality, and perceived impact among
public health experts, environment and health-related
researchers, and nonclinical or general public participants (end
users). We hypothesize that the participation and acceptance
rates (user’s intention to use the app) among the participants
will be high due to the app’s relevance to the dengue fever
control and health communication program. We also hypothesize

that the majority of participants will perceive that users will
have increased awareness, improved knowledge, and changed
attitudes about dengue fever, which will increase health
care-seeking behavior and behavior change (on preventive
practices against dengue fever) through the use of the app.

Methods

Mozzify App Design and Development
Mozzify is an integrated mHealth app for dengue fever cases
reporting and mapping, health communication, and behavior
modification. It was developed for the iOS mobile phone
platform using Xcode (versions 10.1 to 11.0) software in Swift
(versions 4.2 to 5) programming language. The name, Mozzify,
is based on the word mosquito because its primary purpose is
to collect and disseminate information about dengue fever,
which is a viral infection transmitted by mosquitoes.

Mozzify has three components: (1) real-time dengue fever cases
reporting and mapping, (2) health communication, and (3)
behavior modification. These components were matched to
three main goals: (1) increase awareness, improve knowledge,
and change attitude about dengue fever; (2) increase health
care-seeking behavior; and (3) increase intention-to-change
behavior on preventive practices against dengue fever. Figure
1 shows the app’s three components and goals with its
corresponding features. Screenshots of some of the features are
shown in Figure 2.

Figure 1. Mozzify’s three components with their corresponding features and goals. DF: dengue fever; DOH: Department of Health; WHO: World
Health Organization.
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Figure 2. Screenshots of the Mozzify app. (a) Real-time dengue fever cases and mosquito bite reporting and mapping, (b) dengue fever hotspots, (c)
within-app educational videos, (d) worldwide news and health agencies websites, (e) chat forum (timeline), (f) symptoms checker, (g) hospital directions,
and (h) reminders alert program.

Sign-Up
Sign-up required users to provide information (eg, username
and photo [optional], email, and password) to access the app’s
features. The app collects, stores, and uses personally
identifiable information through Firebase, a third-party service
provider that serves as our database. The app will collect, store,
and use some identifiable information from users to provide its
services; therefore, we generated our own privacy policy and
terms and conditions (see the Mozzify app user guide
Multimedia Appendix 1). Agreement to these was necessary to
proceed with sign-up.

Component 1: Real-Time Dengue Fever Cases
Reporting and Mapping System
The main feature of this app is the real-time reporting and
mapping of dengue fever cases and mosquito bites through
ArcGIS Online. ArcGIS Online is an online, cloud-based,
collaborative and configurable Web geographical and

information system that allows developers to use, create,
analyze, and share maps in mobile apps [17]. To use the ArcGIS
Online features in our app, we configured the source code
provided by Data Collection.NET, which required the
installation of ArcGIS Runtime SDK (version 100.5) [18].
Configuration involved registration of our own ArcGIS Portal
app, modifying the project in reference to our app, and licensing
it for deployment [19]. The map shows real-time probable and
laboratory-confirmed dengue fever cases and mosquito bite
reports in pins. Probable cases are in blue pins, confirmed
dengue fever cases are in red pins, and mosquito bite reports
are in orange pins. Users will be able to report a probable case
or a mosquito bite incidence, which they can pin at their current
location (or any other location). In reporting, users can disclose
their personal information (eg, name, home address, and age)
and attach images. The map also shows the location (barangay
or village) with high dengue fever incidences by color using
the ArcGIS analysis feature. This feature assigns a darker color
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to a location with high dengue fever incidences by counting the
number of pins (confirmed and probable dengue fever cases)
within its boundary. This analysis is done on a daily basis.

Component 2: Health Communication
The unique parts of the health communication component are
the dengue fever warning signs and symptoms checker and the
hospital directions feature. Users can answer 26 simple questions
(three questions per symptom) in each symptom (eg, Do you
have fever? If yes, for how many days? What is your average
temperature?), and the app alerts the user if the symptoms need
prompt clinical attention by a physician. We formulated the
questions and set an algorithm based on the clinical diagnosis,
treatment, and management guidelines of dengue fever to allow
the app to analyze whether the user needs to go to the nearest
hospital to receive prompt clinical assessment by a health
professional based on their answers (eg, a fever above 41°C for
four days requires immediate clinical assessment by a physician)
[2]. If the user’s symptoms require prompt medical assessment
by a physician, the app sends an alert that the user needs to go
to the hospital. Then the app will present a map that shows the
user’s current location and the nearest hospitals. We collected
the coordinates (latitude and longitude) of each hospital and
pinned them as an annotation in the map using Google Maps.
Once the user clicks a pin of a hospital, the app then shows the
directions from their current location to the chosen hospital. In
this trial, we selected random nearby hospitals to show the app’s
feature. The app is intended to be trialed in the Philippines;
therefore, we used the list of the hospitals from the Department
of Health that has dengue express lanes (including for
Dengvaxia-vaccinated individuals who might need immediate
medical assistance and free hospital services) [20]. This feature
aims to increase health care-seeking behavior among users by
encouraging them to go to the hospital to seek medical help
from health care professionals and not to self-diagnose or, more
importantly, cause a panic.

The app contains different online-sourced, evidence-based, local
and international guidelines on the control, prevention,
diagnosis, and treatment of dengue fever in PDF (portable
document format) files [2,21-24]. Users can also watch
predownloaded videos in English and Filipino (Tagalog) on the
dengue fever virus, symptoms, diagnosis, and treatment
available. We also used news Application Programming
Interface (API), a free, open-source, and noncommercial API
that collects news from our set request parameters (eg,
keywords: mosquito, dengue fever) and shows users the latest
international and local news from almost 30,000 news sources
and blogs on dengue fever and other mosquito-borne diseases,
such as malaria, zika, chikungunya, and Japanese encephalitis.
The app also shows the websites of international and local health
agencies, such as the World Health Organization and
Department of Health, which give the users information on key
facts, prevalence, treatment, immunization, prevention, and
control guidelines and programs on dengue fever [25,26]. The
app’s health communication feature was also designed to let
users exchange and share posts on events, concerns, and
questions on dengue fever through a chat forum (timeline) by
using the Firebase online database. Altogether, these aim to

increase awareness, improve knowledge, and change attitudes
about dengue fever.

Component 3: Behavior Modification (Preventive
Practices Against Dengue Fever)
Another component of the app is the behavior modification
feature, which includes the Reminder alerts program based on
COMBI. This is expected to develop or improve users’ behavior
on practicing preventive measures against dengue fever. COMBI
is a comprehensive strategy that uses communication for
knowledge to have a significant effect on behavioral change
(making people aware, informed, convinced, and then deciding
to act, and repeating and maintaining that action) or increase
practices against dengue fever [13,16]. The app has a list of
practices against dengue fever based on international and local
guidelines on prevention, management, and vector control
programs [2,21-24]. The user has the option to select and add
practices according to their needs or preference. After selection,
the app adds all the items to the built-in iOS Reminders app on
their mobile phones. In that app, users can set the priority and
edit when (eg, time, day, and frequency [daily, weekly, or
monthly]) and where (radial location settings) they want alerts.

Testing and Assessment
This study was written and conducted in accordance with
international guidelines: the Declaration of Helsinki [27] and
the International Council for Harmonization Good Clinical
Practice guidelines [28]. The protocol was approved by the
Ethics and Review Committee of Ehime University, Japan
(ethics review approval number: K19-001). The app was tested
in July 2019 after the completion of its development.

This study involved 50 purposively sampled participants
grouped into three subgroups who tested the app: (1) public
health experts (n=5), (2) environment and health-related
researchers (n=23), and (3) nonclinical users (n=22). The
participants were selected, recruited, and grouped according to
the set inclusion criteria. Public health experts were academic
and clinical research experts working directly on prevention,
control (including an ArcGIS mapping expert), and clinical
management of dengue fever. Environment and health-related
researchers were university-based researchers working on
vector-borne diseases and water ecology. Both the public health
experts and environment and health-related researchers were
from countries where dengue fever is prevalent (eg, the
Philippines and Indonesia). The third subgroup, nonclinical,
were considered as end users and had no comprehensive
knowledge of or experience with dengue fever. A few
information technology and computer science researchers were
also included in the environment and health-related researchers
and nonclinical groups.

All participants were aged 18 years and older, with sound
psychological conditions, who were able to read and understand
the informed consent contents, and used an iPhone mobile phone
of any model with iOS of 11.0 and above. Initially, when found
eligible, participants were asked to sign an informed consent
sheet. Of the 50 participants, 36 (72%) were invited for either
a focus group or an individual discussion session to provide
more comprehensive qualitative feedback, whereas others, who
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were mostly in the nonclinical group, were invited by email
(n=14). All participants were asked to install the app on their
mobile phones after a Web-based invitation by downloading
Test Flight, the beta testing feature of the Apple Inc developer
program. After installation, all participants were asked to use
the app by following the instructions in the user’s guide (see
Multimedia Appendix 1), which was available in print and on
a website.

Participants were asked to complete the Mobile Application
Rating Scale (MARS). Their responses were automatically
stored in the password-protected database, and each participant
was given a unique code to protect their identity. MARS is a
23-item test that uses a 5-point scale (1=inadequate, 2=poor,
3=acceptable, 4=good, 5=excellent), which assesses the app
quality on three subscales: objective quality, subjective quality,
and app-specific quality [29]. The objective quality subscale
has 19 items that are clustered into four parts: engagement (fun,
interesting, customizability, interactivity, and well-targeted to
audience), functionality (functioning, easy-to-learn, navigation,
flow logic, and gestural design), aesthetics (graphic design,
overall visual appeal, color scheme, and stylistic consistency),
and information quality (containing high-quality information
from a credible source) [29]. The subjective quality subscale
has four items that measure the user’s desire to recommend the
app to others, use the app for short or long term, and overall
star rating of the app [29]. The app-specific subscale was
modified based on the perceived impact of the app on the user’s
awareness and knowledge (dengue fever symptoms, hospitals
that cater to dengue fever patients, dengue fever hotspots,
dengue fever prevention and treatment), attitudes (perceived
risk or susceptibility, perceived severity, benefits and barriers,
and self-efficacy), help-seeking behavior (health care-seeking
behavior), intentions, and actual change of behavior in practicing
preventive measures against dengue fever. Scoring was done
by calculating the mean score of each subscale, adding them
together, and dividing by four (four subscales) to get the app
quality mean score, four (four items) to get the app subjective
quality mean score, or six (six items) to get the app-specific
mean score [29]. Irrelevant items were one item in the
information subscale (if the app underwent evidence-based
trial/test) and one item in the subjective quality subscale (Would
you pay for this app?) and these were not included in the
analysis (app has not been trialed/tested and will not be sold).
MARS has an excellent total score internal consistency level
Cronbach alpha (α=.90) and excellent level of interrater

reliability (two-way mixed interclass correlation coefficient
[ICC]=0.79, 95% confidence interval [CI] 0.75-0.83). Its
subscales also had very high internal consistencies that ranged
from alphas of .80 to .89, and fair to excellent interrater
reliabilities (ICC 0.50-0.80, median 0.65) [29]. The MARS form
is available in Multimedia Appendix 2.

Data Analysis
Statistical analysis was conducted using SPSS version 25 (IBM
Corp, Armonk, NY, USA). We calculated the mean scores of
each subscale in the app objective quality scale and each item
in the app subjective scale. The app subjective quality scale was
reported as individual items and by mean score. Comments and
suggestions in the focus group and individual discussions were
analyzed, and similar or overlapping topics were grouped into
different themes.

Results

Participants
A total of 50 individuals, aged from 19 to 45 years and mostly
males (60%, 30/50), participated in the app testing. All
participants we approached and recruited agreed to test the app
and answer the scale; the majority (78%, 39/50) attended the
focus group and individual discussions. This indicates excellent
acceptability and nonwithdrawal rates among experts, health
researchers, and the general public or end users. In all, 68%
(34/50) were able to install the app on their mobile phones,
whereas the rest used our available prototypes.

App Objective Quality
Mozzify was assessed using the MARS app objective quality,
which has four subscales: engagement, functionality, aesthetics,
and information. Figure 3 shows the mean score ratings of the
public health experts, environment and health-related
researchers, and nonclinical or general public participants.
Mozzify received high (≥4 out of 5; 74%, 37/50) satisfaction
mean ratings in all four subscales among the participants, with
the highest mean score ratings (mean 4.3, SD 0.2) for items
relating to the app’s functioning, easiness to learn, navigation,
flow, logic, and gestural design, graphic design, overall visual
appeal, color scheme, and stylistic consistency, and for
containing high-quality information from a credible source. A
mean rating of 4.2 (SD 0.2) was obtained for items relating to
the app being fun, interesting, customizable, interactive, and
well-targeted to the audience.

JMIR Form Res 2020 | vol. 4 | iss. 1 | e16424 | p. 6https://formative.jmir.org/2020/1/e16424
(page number not for citation purposes)

Herbuela et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Mean scores of app objective subscales based on the Mobile Application Rating Scale (MARS) from public health experts, environment and
health-related researchers, and nonclinical participants.

App Subjective Quality
Public health experts, environment and health-related
researchers, and nonclinical participants had similar satisfaction
mean ratings (mean 4.0, SD 0.4) in the app subjective quality
subscale, as shown in Figure 4. Specifically, items about
recommending the app to other people and the app’s overall
star rating had relatively high satisfaction mean ratings of 4.2
(SD 0.2), whereas the item on using the app in the next 12
months obtained the lowest satisfaction mean rating of 3.4 (SD

0.3) among the participants. All participants reported that they
would recommend the app to people who might benefit from
it. All public health experts and a majority of the environment
and health-related researchers (86.9%, 20/23) and nonclinical
participants (77.3%, 17/22) perceived that the app was relevant
to them and they would use it 3 to more than 50 times in the
next 12 months. Public health experts gave the app the highest
overall star rating of 4.4 (SD 0.5), whereas both environment
and health-related researchers and nonclinical participants gave
it 4.1 (SD 0.7 and 0.8, respectively).

Figure 4. Mean scores of app objective, subjective, specific, and general rating based on the Mobile Application Rating Scale (MARS) from public
health experts, environment and health-related researchers, and nonclinical participants.

App-Specific Quality
The MARS app-specific quality subscale items were modified
based on the components and goals of the app, which were to
increase awareness, improve knowledge, change attitudes about
dengue fever, and increase intention to change and help-seeking
behavior among users. The item on increasing users’ knowledge
or understanding of dengue fever symptoms, hospitals that cater
to dengue fever patients, dengue fever hotspots, and dengue
fever prevention and treatment obtained an excellent satisfaction
average mean rating of 4.7 (SD 0.3) (Figure 4). Items on

increasing user awareness of the importance of addressing
dengue fever symptoms, hospitals that cater to dengue fever
patients, dengue fever hotspots, dengue fever prevention and
treatment, and encouraging users to seek clinical assessment
when they have dengue fever symptoms (if required) obtained
an average satisfaction mean rating of 4.5 (SD 0.3 and 0.1,
respectively) from all participants. Moreover, items on changing
users’ attitudes toward improving practices against dengue fever
and increasing users’ intentions or motivation to address
behavior change (practicing preventive measures against dengue
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fever) obtained overall mean ratings of 4.4 (SD 0.3) and 4.3
(SD 0.3), respectively, among the participants. In general, the
app obtained a high satisfactory mean rating of 4.5 (SD 0.1) in
the app-specific quality subscale among the participants.

Focus Group and Individual Discussions
Approximately 78% (39/50) of participants were able to attend
the focus group and individual discussions. Five public health
experts were able to participate in the focus group discussion.
All found the app useful and were positive about its concept,
components, and goals. However, three issues were raised during
the session. The first issue was the availability of the app for
iOS (iPhone) mobile phones only. Participants mentioned that
it would be better if the app was also available for Android so
that everyone with a mobile phone could use it. The second
issue was the app was only available in English, and it should
also be available in other languages. This would allow the app
to be distributed in many countries where dengue fever is highly
prevalent. Lastly, one expert mentioned about the ability of the
app to do predictive surveillance and identify dengue fever
hotspots based on past annual dengue fever incidence reports
and not only based on the number of pins in a location (barangay
or village).

Environment and health-related researchers also had positive
feedback about the app. They found the app concise and
relevant, interesting, and convenient. Some perceived that the
app was effective in reducing the number of dengue fever
patients, and it would help increase user’s awareness of dengue
fever, especially those who live in tropical and subtropical
countries with high numbers of dengue fever cases. Although
the majority of the environment and health-related researchers
mentioned that the app was easy to use, some suggested that it
should include a within-app user’s guide (eg, pop-ups or labels).
Two other suggestions were raised about increasing the
engagement ability of the app: (1) the app should include games
so people will use it daily and (2) it should include other
mosquito-borne diseases (eg, zika, chikungunya, Japanese
encephalitis, and malaria) in the real-time reporting and mapping
feature of the app. Similar to the public health experts, they also
suggested that the inclusion of many languages other than
English is highly desirable.

The nonclinical group, who were considered the end users,
found the app excellent, useful, exciting, interesting, and helpful
for countries that suffer from dengue fever outbreaks. They
perceived the app was able to improve their knowledge,
attitudes, and awareness by seeing the pictures of symptoms,
videos, dengue fever hotspots, and nearby hospitals that cater
to dengue fever patients. Specific suggestions were mentioned
about the technical and functional details of the app that needed
polishing and revisions (eg, buttons and gestures).

Discussion

We have introduced and described the design and development
process and the testing of the functions and features of Mozzify.
Results show that it obtained excellent acceptability and
satisfaction ratings based on the MARS app quality subscales
among the participants. This indicates that it has good user

design, functionality, usability, engagement, and contains a
relevant information system. The app subjective ratings also
indicate that the experts and users are more likely to recommend
the app to others and more likely to use it frequently in the
future. Moreover, based on the specific quality subscale ratings
of the participants, the app achieved what it intended to achieve.
It could be a highly effective tool in increasing user’s knowledge
and awareness of dengue fever symptoms, hospitals that cater
to dengue fever patients, dengue fever hotspots, and dengue
fever prevention and treatment; changing user’s attitudes about
dengue fever and its symptoms; and encouraging users to seek
clinical assessment when they have dengue fever symptoms (if
required). It also indicates the app can improve users’ practice
of measures against dengue fever, and increase users’ intentions
or motivation to address behavior change by practicing
preventive measures against dengue fever.

Based on the focus group and individual discussions, participants
found the app concise, relevant, interesting, convenient,
excellent, useful, and exciting. Some perceived that the app is
effective in reducing the number of dengue fever patients, and
it will help increase user’s awareness of dengue fever, especially
those who live in countries with high incidences of dengue fever
cases. They also perceived that the app was able to improve
their knowledge, attitudes, and awareness of dengue fever.
Although participants were positive toward the app, some issues
were also raised: the availability of the app on iOS (iPhone)
mobile phones only, language option limitations, the need for
a within-app user’s guide (eg, pop-ups or labels), and polishing
of the app’s technical and functional details (eg, buttons and
gestures). Some suggestions were also given by the participants:
the use of predictive surveillance, inclusion of other
mosquito-borne diseases in the real-time reporting and mapping
feature, and use of games to increase usability and engagement
among users.

We have only managed to do minimal revisions (simpler log-in
and sign-up pages and pin legend in the map screen) in the
design of the app for an immediate trial and assessment in the
Philippines.

We have developed and designed a mobile app, Mozzify, which
obtained excellent acceptability and ratings (mean scores ≥4.0
out of 5) based on the MARS subscales among health experts
and researchers and the general public, which indicate that it is
ready for another trial among a larger population in the
Philippines. It may be a promising integrated strategic health
intervention system for reporting and mapping dengue fever
cases; increasing awareness, improving knowledge, and
changing attitudes about dengue fever; and disseminating and
sharing information on dengue fever among the general
population and health experts and for the knowledge on how to
prevent dengue fever to be successfully translated to practice.

We have started to collect data on the longitudinal spatial
analysis of dengue fever hotspots in the Philippines as a
provision for a predictive surveillance feature, and the inclusion
of other mosquito-borne diseases in the reporting and mapping
system in the future. Thus, we also plan to design an alert system
on the map that would warn users when they enter or when they
are near a barangay/village or area with a high incidence of
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dengue fever cases and mosquito abundance. We are also
working on developing an Android version of the app, more
language options, and the possible inclusion of games to increase
usability and engagement among users in the future. Our aim

is that Mozzify will address the lack of available apps for the
control and prevention of dengue fever not only in the
Philippines but also in other countries with dengue fever and
other mosquito-borne diseases worldwide.

Acknowledgments
The authors would like to thank Yoshihiro Yagi, Yoshiya Furukawa, and all the health experts, environment and health-related
researchers, and end users from Ehime University, Japan, who participated in this study. This study was supported by the Japan
Society for the Promotion of Science (JSPS) Grant-in-Aid for Scientific Research (17H01624, 19H01144), JSPS Core-to-Core
Program B Asia-Africa Science Platforms, and Endowed Chair Program of the Sumitomo Electric Industries Group Corporate
Social Responsibility Foundation, which had no role in the design, data collection, statistical analysis, and writing of this manuscript.

Authors' Contributions
Author VRDMH conceptualized, designed, and developed the Mozzify app, designed the study, wrote the protocol, conducted
the data gathering, analyzed the data, and wrote this manuscript. Author TK helped design the framework and features of the
mobile app. Author MEF provided guidance in using the ArcGIS mapping system, the user privacy policy, and the app’s terms
and conditions. Author KW supervised the data gathering and provided guidance and comments on the analysis and the initial
drafts of this manuscript. All authors contributed to and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Mozzify's user guide.
[PDF File (Adobe PDF File), 150524 KB-Multimedia Appendix 1]

Multimedia Appendix 2
MARS form.
[PDF File (Adobe PDF File), 175 KB-Multimedia Appendix 2]

References

1. Weinstein RS, Lopez AM, Joseph BA, Erps KA, Holcomb M, Barker GP, et al. Telemedicine, telehealth, and mobile health
applications that work: opportunities and barriers. Am J Med 2014 Mar;127(3):183-187. [doi: 10.1016/j.amjmed.2013.09.032]
[Medline: 24384059]

2. World Health Organization. Dengue Guidelines For Diagnosis, Treatment, Prevention And Control. Geneva: WHO; 2009.
3. Brady OJ, Gething PW, Bhatt S, Messina JP, Brownstein JS, Hoen AG, et al. Refining the global spatial limits of dengue

virus transmission by evidence-based consensus. PLoS Negl Trop Dis 2012;6(8):e1760 [FREE Full text] [doi:
10.1371/journal.pntd.0001760] [Medline: 22880140]

4. Lwin MO, Vijaykumar S, Fernando ON, Cheong SA, Rathnayake VS, Lim G, et al. A 21st century approach to tackling
dengue: Crowdsourced surveillance, predictive mapping and tailored communication. Acta Trop 2014 Feb;130:100-107.
[doi: 10.1016/j.actatropica.2013.09.021] [Medline: 24161879]

5. Lwin MO, Jayasundar K, Sheldenkar A, Wijayamuni R, Wimalaratne P, Ernst KC, et al. Lessons from the implementation
of Mo-Buzz, a mobile pandemic surveillance system for dengue. JMIR Public Health Surveill 2017 Oct 02;3(4):e65 [FREE
Full text] [doi: 10.2196/publichealth.7376] [Medline: 28970191]

6. Hsieh Y, Ma S. Intervention measures, turning point, and reproduction number for dengue, Singapore, 2005. Am J Trop
Med Hyg 2009 Jan;80(1):66-71. [Medline: 19141842]

7. Kao JH, Chen CD, Tiger Li ZR, Chan TC, Tsung TH, Chu YH, et al. Correction: the critical role of early dengue surveillance
and limitations of clinical reporting - implications for non-endemic countries. PLoS One 2018;13(7):e0201502 [FREE Full
text] [doi: 10.1371/journal.pone.0201502] [Medline: 30040847]

8. Korin M. Theory and fundamentals of health promotion for children and adolescents. In: Korin M, editor. Health Promotion
for Children and Adolescents. Boston, MA: Springer; 2016.

9. Wong LP, AbuBakar S. Health beliefs and practices related to dengue fever: a focus group study. PLoS Negl Trop Dis
2013;7(7):e2310 [FREE Full text] [doi: 10.1371/journal.pntd.0002310] [Medline: 23875045]

10. Elsinga J, Lizarazo EF, Vincenti MF, Schmidt M, Velasco-Salas ZI, Arias L, et al. Health seeking behaviour and treatment
intentions of dengue and fever: a household survey of children and adults in Venezuela. PLoS Negl Trop Dis 2015 Dec
1;9(12):e0004237 [FREE Full text] [doi: 10.1371/journal.pntd.0004237]

JMIR Form Res 2020 | vol. 4 | iss. 1 | e16424 | p. 9https://formative.jmir.org/2020/1/e16424
(page number not for citation purposes)

Herbuela et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v4i1e16424_app1.pdf&filename=9b4482a2293b02a426f535bd7ec0a8f3.pdf
https://jmir.org/api/download?alt_name=formative_v4i1e16424_app1.pdf&filename=9b4482a2293b02a426f535bd7ec0a8f3.pdf
https://jmir.org/api/download?alt_name=formative_v4i1e16424_app2.pdf&filename=2fa7f8c6a63e4b696cafde9ea9ec0898.pdf
https://jmir.org/api/download?alt_name=formative_v4i1e16424_app2.pdf&filename=2fa7f8c6a63e4b696cafde9ea9ec0898.pdf
http://dx.doi.org/10.1016/j.amjmed.2013.09.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24384059&dopt=Abstract
http://dx.plos.org/10.1371/journal.pntd.0001760
http://dx.doi.org/10.1371/journal.pntd.0001760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22880140&dopt=Abstract
http://dx.doi.org/10.1016/j.actatropica.2013.09.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24161879&dopt=Abstract
https://publichealth.jmir.org/2017/4/e65/
https://publichealth.jmir.org/2017/4/e65/
http://dx.doi.org/10.2196/publichealth.7376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28970191&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19141842&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0201502
http://dx.plos.org/10.1371/journal.pone.0201502
http://dx.doi.org/10.1371/journal.pone.0201502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30040847&dopt=Abstract
http://dx.plos.org/10.1371/journal.pntd.0002310
http://dx.doi.org/10.1371/journal.pntd.0002310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23875045&dopt=Abstract
https://doi.org/10.1371/journal.pntd.0004237
http://dx.doi.org/10.1371/journal.pntd.0004237
http://www.w3.org/Style/XSL
http://www.renderx.com/


11. Krisnian T, Alisjahbana B, Afriandi I. Treatment seeking patterns among dengue fever patients: a qualitative study. Althea
Med Journal 2017;4(3):369-374 [FREE Full text]

12. Yboa BC, Labrague LJ. Dengue knowledge and preventive practices among rural residents in Samar Province, Philippines.
Am J Public Health 2013 Jan 20;1(2):47-52. [doi: 10.12691/ajphr-1-2-2]

13. Kumaran E, Doum D, Keo V, Sokha L, Sam B, Chan V, et al. Dengue knowledge, attitudes and practices and their impact
on community-based vector control in rural Cambodia. PLoS Negl Trop Dis 2018 Feb 16;12(2):e0006268 [FREE Full text]
[doi: 10.1371/journal.pntd.0006268] [Medline: 29451879]

14. Shuaib F, Todd D, Campbell-Stennett D, Ehiri J, Jolly PE. Knowledge, attitudes and practices regarding dengue infection
in Westmoreland, Jamaica. West Indian Med J 2010 Mar;59(2):139-146 [FREE Full text] [Medline: 21132094]

15. Beckman H, Hawley S, Bishop T. Application of theory-based health behavior change techniques to the prevention of
obesity in children. J Pediatr Nurs 2006 Aug;21(4):266-275. [doi: 10.1016/j.pedn.2006.02.012] [Medline: 16843211]

16. Parks W, Lloyd L. Planning Social Mobilization And Communication For Dengue Fever Prevention And Control: A
step-by-step guide. Geneva: World Health Organization; 2004.

17. Esri. What is ArcGIS Online? URL: https://doc.arcgis.com/en/arcgis-online/get-started/what-is-agol.htm
18. ArcGIS for Developers. Data collection for .NET URL: https://developers.arcgis.com/example-apps/data-collection-dotnet/
19. GitHub. Data collection application built using the .NET Runtime SDK URL: https://github.com/Esri/data-collection-dotnet
20. Department of Health. Dengvaxia hotline and dengue express lane URL: https://www.doh.gov.ph/node/13964
21. Philippine General Hospital: Clinical Practice Guidelines of Dengue/Dengue Hemorrhagic Fever Management for Asian

Economic Community.
22. Philippine Pediatric Society: Clinical Practice Guidelines on Dengue in Children. Quezon City, Philippines: Philippine

Pediatric Society; 2017. URL: http://www.pidsphil.org/home/wp-content/uploads/2017/06/2017_Dengue_CPG_Final.pdf
23. World Health Organization, Regional Office for South-East Asia. Comprehensive Guidelines For Prevention And Control

Of Dengue And Dengue Haemorrhagic Fever. New Delhi, India: WHO Regional Office for South-East Asia; 2011.
24. Department of Health. Epidemiology Bureau, Public Health Surveillance Division. 2018. Monthly Dengue Report, January

to July 2018 URL: https://www.doh.gov.ph/sites/default/files/statistics/
Dengue%20Monthly%20Report_MW1-MW30_2018_No.7.pdf [accessed 2019-05-04]

25. World Health Organization. 2019. Fact sheets: dengue and severe dengue URL: http://www.who.int/mediacentre/factsheets/
fs117/en

26. Department of Health. Search results: dengue URL: https://www.doh.gov.ph/search/node/dengue
27. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical research

involving human subjects. JAMA 2013 Nov 27;310(20):2191-2194. [doi: 10.1001/jama.2013.281053] [Medline: 24141714]
28. European Medicines Agency. ICH Topic E 6 (R1): Guideline for Good Clinical Practice. 2002. Note for guidance on good

clinical practice (CPMP/ICH/135/95) URL: https://www.ema.europa.eu/en/documents/scientific-guideline/
ich-e6-r1-guideline-good-clinical-practice_en.pdf

29. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani M. Mobile app rating scale: a new tool for
assessing the quality of health mobile apps. JMIR Mhealth Uhealth 2015 Mar 11;3(1):e27 [FREE Full text] [doi:
10.2196/mhealth.3422] [Medline: 25760773]

Abbreviations
API: Application Programming Interface
COMBI:  Communication for Behavioral Impact
MARS:  Mobile Application Rating Scale

Edited by G Eysenbach; submitted 27.09.19; peer-reviewed by E Da Silva; accepted 11.11.19; published 08.01.20

Please cite as:
Herbuela VRDM, Karita T, Francisco ME, Watanabe K
An Integrated mHealth App for Dengue Reporting and Mapping, Health Communication, and Behavior Modification: Development
and Assessment of Mozzify
JMIR Form Res 2020;4(1):e16424
URL: https://formative.jmir.org/2020/1/e16424
doi: 10.2196/16424
PMID:

©Von Ralph Dane Marquez Herbuela, Tomonori Karita, Micanaldo Ernesto Francisco, Kozo Watanabe. Originally published in
JMIR Formative Research (http://formative.jmir.org), 08.01.2020. This is an open-access article distributed under the terms of

JMIR Form Res 2020 | vol. 4 | iss. 1 | e16424 | p. 10https://formative.jmir.org/2020/1/e16424
(page number not for citation purposes)

Herbuela et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://pharmacokinetic.fk.unpad.ac.id/index.php/amj/article/view/1183/1073
http://dx.doi.org/10.12691/ajphr-1-2-2
http://dx.plos.org/10.1371/journal.pntd.0006268
http://dx.doi.org/10.1371/journal.pntd.0006268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29451879&dopt=Abstract
http://europepmc.org/abstract/MED/21132094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21132094&dopt=Abstract
http://dx.doi.org/10.1016/j.pedn.2006.02.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16843211&dopt=Abstract
https://doc.arcgis.com/en/arcgis-online/get-started/what-is-agol.htm
https://developers.arcgis.com/example-apps/data-collection-dotnet/
https://github.com/Esri/data-collection-dotnet
https://www.doh.gov.ph/node/13964
http://www.pidsphil.org/home/wp-content/uploads/2017/06/2017_Dengue_CPG_Final.pdf
https://www.doh.gov.ph/sites/default/files/statistics/Dengue%20Monthly%20Report_MW1-MW30_2018_No.7.pdf
https://www.doh.gov.ph/sites/default/files/statistics/Dengue%20Monthly%20Report_MW1-MW30_2018_No.7.pdf
http://www.who.int/mediacentre/factsheets/fs117/en
http://www.who.int/mediacentre/factsheets/fs117/en
https://www.doh.gov.ph/search/node/dengue
http://dx.doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24141714&dopt=Abstract
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e6-r1-guideline-good-clinical-practice_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e6-r1-guideline-good-clinical-practice_en.pdf
https://mhealth.jmir.org/2015/1/e27/
http://dx.doi.org/10.2196/mhealth.3422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25760773&dopt=Abstract
https://formative.jmir.org/2020/1/e16424
http://dx.doi.org/10.2196/16424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is properly
cited. The complete bibliographic information, a link to the original publication on http://formative.jmir.org, as well as this
copyright and license information must be included.

JMIR Form Res 2020 | vol. 4 | iss. 1 | e16424 | p. 11https://formative.jmir.org/2020/1/e16424
(page number not for citation purposes)

Herbuela et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

