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Abstract: The objective of this study was to design a user-centered mobile health (mHealth) applica-
tion for individuals with gastroesophageal reflux disease (GERD) and evaluate its design features
and effectiveness for use by doctors. Prior to designing, our team undertook a discovery process that
involved creating personas, conducting a competitor analysis and heuristic evaluation of existing
apps, along with interviews with acid reflux patients. Then, we created a low-fidelity prototype,
which was revised on the basis of several rounds of user testing. During the design phase, each
round of user testing included a mix of surveys, concurrent think-alouds, and interviews to gather
user feedback on the prototypes. Lastly, an evaluation phase consisting of gathering feedback on the
user-centered design approach from user experience experts and medical doctors specialized in GERD
was conducted. Overall, the final GERD app includes important features for tracking symptoms
and triggers, analytics, data export, and community information, while promoting individualization,
accessibility, and usability. The documentation of the design process of this app serves as a reference
point for future medical app developers as it followed an empirically supported user-centered design
strategy and resulted in an app which received positive feedback from users and human factors
experts. We also intend to share some of the limitations due to the constrained resources, as well as
potential ways to strengthen the design process for mHealth applications.

Keywords: human factors; mobile apps; digital health; mHealth; design; usability; user testing;
behavior change; health psychology; health interventions

1. Introduction

Gastroesophageal reflux disease (GERD) is a medical condition related to reflux of
stomach contents into the esophagus [1,2]. GERD is often associated with heartburn [3]
but may manifest via atypical symptoms, such as chronic cough, cardiac arrhythmias, or
sleep apnea [1]. Both the causes and course of GERD are complex and vary from patient
to patient, with diverse clinical histories, endoscopic test results, ambulatory reflux text
results, and esophageal characteristics interacting to produce more than 50 phenotypic
classifications of GERD that may respond optimally to unique treatment protocols [2].

Global prevalence of GERD in adults ranges from about 2.5–7.8% in East Asia to about
18.1–27.8% in North America [4]. In general, advanced age is associated with an increase in
GERD risk. One analysis, though, indicates that the overall proportion of GERD patients
between the ages of 30 and 39 increased significantly between 2006 and 2016 [4], perhaps
due to increased exposure across the lifespan to GERD risk factors.

Like advanced age, family history plays an important role in determining an indi-
vidual’s GERD risk [4]. In addition, factors enmeshed with behavioral patterns—such
as anxiety, obesity, and smoking—also have been linked to GERD in the empirical liter-
ature [1,5,6]. Observational evidence suggests that a worldwide increase in obesity has
fueled an increase in GERD symptoms [1]. Some evidence also points to a worldwide de-
crease in infections caused by Helicobacter pylori bacteria as having potentially contributed

Int. J. Environ. Res. Public Health 2022, 19, 1128. https://doi.org/10.3390/ijerph19031128 https://www.mdpi.com/journal/ijerph

https://doi.org/10.3390/ijerph19031128
https://doi.org/10.3390/ijerph19031128
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-9383-4105
https://doi.org/10.3390/ijerph19031128
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph19031128?type=check_update&version=1


Int. J. Environ. Res. Public Health 2022, 19, 1128 2 of 17

to rising numbers of GERD cases because under certain circumstances h. pylori may exert a
protective effect against GERD; however, more research is needed to fully understand the
relationship between these two conditions [7].

GERD exacts a serious toll on both individual patients and society as whole. Common
consequences of GERD include diminished quality of life, diminished productivity, and
poor sleep quality [3,4,8]. GERD is rarely fatal by itself; nevertheless, it can lead to painful
inflammation of the esophagus, peptic strictures, esophageal lesions, and an increased
risk of esophageal cancer [6]. Furthermore, GERD diagnostics, treatments, surgeries, and
drugs are expensive; In 2009 alone, GERD patients in the United States needed more
than 8.8 million doctor’s visits and 65,000 hospitalizations and spent USD 12.3 billion on
diagnostic upper endoscopies [1,9].

Traditionally, antacid medications and lifestyle modifications are considered first-
line treatments for GERD. When these first-line treatments fail, surgery may become
necessary to control GERD [3]. In addition to being costly, using first-line acid reflux drugs
for a long time may lead to adverse effects, including increased acid reflux symptoms
upon withdrawal, an increased susceptibility to infections, and an increased risk of bone
fractures [3]. On the other hand, in some cases lifestyle changes—including weight loss,
diet changes, and eliminating tobacco—may improve GERD symptoms at a low cost with
few side effects [3,10,11].

It is a standard practice to suggest weight loss to obese GERD patients and to suggest
smoking cessation [3,6]. Patients with nocturnal GERD often benefit from sleeping with
their bed elevated and avoiding large meals right before bedtime [6,8]. Individual patients
also may find it helpful to avoid certain foods which exacerbate or trigger their GERD symp-
toms [8,11]. In addition, there is some evidence that more general diet recommendations,
such as following a traditional Mediterranean diet, increasing fiber intake, reducing meal
size, and reducing fat and simple sugar intake, may be useful in controlling GERD [10].

Prior empirical research demonstrates that mobile phone applications (apps) and
digital assistants can improve outcomes and everyday life for patients with numerous
chronic health conditions, such as diabetes, asthma, chronic pain, cancer, and Parkinson’s
disease. These mobile healthcare (mHealth) apps work by facilitating patient support and
education; addressing behaviors, including medication and diet adherence; and monitoring
key health measures (e.g., blood glucose for people with diabetes) [12–16]. mHealth can
also be useful for promoting desirable knowledge and behaviors in healthy individuals—
for example, by harnessing gamification to teach the mothers of young children about
oral health and hygiene [17]. Many mHealth apps promote healthy lifestyle changes, such
as increasing physical activity, eating a healthy diet, smoking cessation, and moderating
alcohol intake [18].

Despite this promise, a review of recent literature suggests that the field of mHealth
must undergo numerous transformations before reaching its full potential to improve
patient care. These transformations include increasing the number of randomized control
trials that compare mHealth interventions to current best practices; studying individ-
ual mHealth interventions over longer timeframes; conducting further studies to iden-
tify the conditions and features that allow mHealth apps to work best; implementing
formal regulatory oversight to help patients distinguish high-quality apps from poor-
quality ones; and improving privacy and security features of mHealth apps [13,15,17].
In achieving these transformative goals, researchers have suggested that studies evaluat-
ing mHealth apps must rely on precise, standardized measurements, including measures
related to usability [19,20].

Aim and Objectives

In this paper, we aim to describe a user-centered research and design process for
a novel mobile application created to help GERD patients monitor and manage their
condition. The specific objectives of this paper are to:

1. Document an iterative user-centered design and evaluation of an mHealth app;



Int. J. Environ. Res. Public Health 2022, 19, 1128 3 of 17

2. Document challenges and lessons learned related to the user-centered design of
mHealth apps.

Our prototype, titled “GerdHelper,” was initially designed as part of the 2021 Mobile
Health Applications for Consumers Design Competition [21], sponsored by the Human
Factors and Ergonomics Society. “GerdHelper” was built to address symptoms of GERD.

We entered the contest in December 2020 and submitted our final entry on 19 Febru-
ary 2021 in accordance with contest timelines.

We chose to design an app related to GERD management in consideration of our
understanding of GERD as a chronic disease whose treatment can depend on a variety of
behaviors [3,10,11] (and our understanding that mHealth apps hold promise for improving
the management of chronic diseases) [12–16].

Our team also based the decision to build an app addressing GERD on a competitive
analysis of popular GERD apps available in the App Store, which showed that existing
apps are difficult to use and navigate. We conducted a content analysis of these apps by
reviewing how the apps addressed key features we had identified as important based on
our research on GERD symptoms and treatments. We reviewed features such as tracking
GERD symptoms, obtaining suggestions about lifestyle, exporting data about symptoms,
and community information. We found that the competitor apps attempted to provide
these features via features such as calendars, tips, and data export options, but none of
the apps were able to provide all the features, and the provided features had room to
be improved upon. Even the highest rated competitor app, the Acid Reflux Helper, did
not have all the features, and had unintuitive and unaesthetic features. Our conclusion
was supported by Bobian et al.’s 2017 [22] analysis of existing GERD apps, which showed
that available GERD apps use prohibitively complicated language. In response, our team
endeavored to build a better GERD app through four iterative stages that incorporated
best practices in user-centered design, as well as an in-depth evaluation process. We aim
to share lessons learned and strengthen the literature on the human-centered design of
mHealth apps.

2. Materials and Methods

This study spanned a design phase and an evaluation phase. During the design
phase, we used a variety of empirically supported methodologies to create and test our
prototypes: We created personas, conducted a competitor analysis, completed a heuristic
evaluation, created a prototype, conducted interviews, completed 2 rounds of user testing
with think-alouds and semi-structured interviews, and, finally, consulted experts after we
created the final prototype. Our three rounds of user testing—each followed by refinements
of our prototype—represented multiple iterations of the design thinking process.

During the evaluation phase, we used formative methods to evaluate our app on the
basis of feedback from the design competition judges, input from experts in GERD that was
solicited via an online survey, and our own review of current literature. Our goal during
the evaluation phase was to draw conclusions about the strengths and weaknesses of our
app and share lessons learned with the broader scientific and medical community.

2.1. Goals for the Design Phase

Our team relied on the design thinking process for underlying guidance during
the design phase, following the five-component structure—empathize, define, ideate,
prototype, and test [23]—and focusing on what users need and how what we created
would respond to our users’ needs [24]. As is standard in user-centered research, these
components were not always applied sequentially or discretely during the iterative design
of the GerdHelper app. A map of the rough overlap between traditional design-thinking
components and our team’s four-stage design process is shown in Figure 1.
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This research was approved by the George Mason University Institutional Review
Board (IRB # 1708698-2). All user testing was conducted online through Zoom, and the
iterative design process was broken down into four design stages. During Stage 1, we
created personas on the basis of two research methods geared towards empathizing with
likely users: (1) review of literature on GERD symptoms, on patient characteristics, and
on effective treatment techniques; and (2) a competitor analysis which shed light upon
likely users’ mental model of available medical applications. Given the time and monetary
constraints governing this project, these research techniques were chosen over more time
consuming means of empathizing with users, such as focus groups and observational
studies. Combined with a heuristic evaluation of currently available apps, our literature
review and competitor analysis allowed us to define key app features ahead of a series
of team meetings used for ideation. We then created one low-fidelity prototype that
improved upon existing GERD apps, as well as a medium-fidelity prototype. In Stage 2,
we interviewed five participants with acid reflux to empathize with them and gather their
input regarding desirable features, which we incorporated into the preexisting second,
medium-fidelity iteration of the prototype. Design Stage 3 involved five users completing
tasks in the app and completing a concurrent think-aloud. Afterwards, we interviewed the
five users about app features and navigation, and we incorporated user feedback into the
third iteration of the prototype. Design Stage 4 repeated the process followed in Stage 3 to
inform the final version of the prototype. Our design thinking process followed a similar
course during stages 2–3 whereby we gathered user feedback through user interviews
and/or usability testing and then met as a group—sometimes more than once—to review
user feedback, define required improvements on the basis of that feedback, ideate practical
solutions, and then build them into our prototype before another round of user testing. The
design process applied in building the GerdHelper App is outlined in Figure 1.

2.1.1. Stage 1 Design Methods: Personas, Competitor Analysis, and Heuristic Evaluation

The primary objective of Stage 1 was to create the first iteration of the prototype.
This task was achieved through personas, a competitor analysis, and heuristic evaluation.
Details about Stage 1 and the resulting features of the app are described in Supplementary
A and summarized here (See Figures S1 and S2 and Tables S1–S3):

Personas are fictional representations that facilitate empathy for target users [25]. They
communicate information, such as the background and goals of users, with the goal of
informing a user-centered design process. Our team used three realistic personas, each
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representing a different facet of our broad target user audience, to act as a frame of reference
to our user group and kickstart our design process:

• Smoker Samuel, 48, wanted to enjoy everyday activities by reducing GERD symptoms;
• Pregnant Patricia, 32, wanted to stay well-rested and improve the outcome of her

pregnancy by reducing her level of GERD-related discomfort;
• Stressed-Out Sophia, 25, wanted to determine whether her symptoms could be at-

tributed to GERD and learn more about how to manage GERD symptoms.

Full details of the three user personas can be found in Table S1.
Once the needs, motivators, and goals of our potential users were outlined, we iden-

tified four main features that would meet user needs: (1) tracking acid symptoms, (2)
analytics and suggestions about a healthier life, (3) exporting the data about symptoms,
and (4) finding community information about acid reflux.

We made these four features the target of a competitor analysis. Competitor analysis
is a method frequently used in product design where experts assess the strengths and
weaknesses of existing competitor products. This method allows designers to empathize
with users by understanding their mental model of existing products. Further, it helps
researchers define key user needs and determine whether current products meet those
needs, where current products fail to meet the needs, and how the to-be-created product
can fill gaps in the market [26]. We chose three existing mobile apps for GERD/Acid reflux
management: (1) Acid Reflux Diet Helper [27]; (2) mySymptoms Food Diary & Symptom
Tracker [28]; and (3) Refluxlog [29]. These apps were chosen because they had features
similar to the ones that we had determined we should include in our own app. For each
app, we tested four key tasks, each of which was chosen for its importance to the four
end-user needs identified as central to our app design:

• Task 1: track GERD symptoms;
• Task 2: provide suggestions about lifestyle;
• Task 3: export symptom data; and
• Task 4: view community information.

To further review important features of these competitor apps and inform our own
definition of important app features, we conducted a heuristic evaluation. Heuristic evalu-
ation is a method where usability experts evaluate a product to see if it meets established
usability principles [30]. We evaluated our chosen competitor apps with four usability
principles—effectiveness/errors, efficiency, satisfaction, and learnability [30–32]—and we
split some of these principles to fine tune our evaluation. We divided error/effectiveness to
two separate principles—effectiveness and forgiveness—to emphasize the degree to which
the app allows the users to recover from mistakes easily. We also divided satisfaction into
aesthetic satisfaction and satisfaction with the quality of the outcome to understand the
degree to which the apps are satisfactory/unsatisfactory for aesthetic reasons or for its
functions. Each of these heuristics were evaluated in the same four tasks that were used
during competitor analysis.

In addition to conducting formal qualitative evaluations through personas, competitor
analysis, and heuristic evaluation, Design Phase 1 involved a series of team meetings for
the purpose of defining prototype requirements and ideating design solutions by which
those requirements could be met. More information about specific design decisions made
during Design Stage 1 are available in Section 3.1.1, as well as in Supplementary A.

2.1.2. Stage 2 Design Methods: Semi-Structured Interviews

Empathizing with users and defining user needs—two key elements of the design
thinking approach implemented in this study—require soliciting input from users early
and often in the design process. In line with this goal, we interviewed potential users
during Stage 2 of our design process. Interview questions used during Design Stage 2 are
described in Supplementary B and outlined here.
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A semi-structured interview is a research method that utilizes closed-ended and open-
ended questions to probe participants about the hows and whys of their answers [33,34].
This method allows researchers to gain a more thorough understanding of the participant
than would be possible via a survey while still keeping a level of objectiveness. We chose
this method in order to allow participants to answer specific questions, but also to elaborate
about their choices. The semi-structured interview method also allowed us to probe
interesting points that the participants brought up.

In Design Stage 2, we interviewed five participants (2 female, 1 male, 2 non-binary)
who suffer from acid reflux in the age range of 24 to 35 years. Due to the time limitations
imposed by the 2021 Mobile Health Applications for Consumers Design Competition, we
recruited a convenience sample from among our personal social circles using social media
to find contacts who experienced acid reflux symptoms.

The sessions were scheduled over Zoom, and each lasted approximately 45 min. Par-
ticipants’ audio was recorded, so we could review feedback throughout the design process.
A researcher asked participants about their acid reflux symptoms and what they would
like to see in an app that manages acid reflux. Participants’ answers were documented,
and during a series of meetings our team worked together to define updated prototype
requirements and ideate practical design solutions that would meet those requirements.
These discussions inform a testable prototype using the interactive prototyping software
Figma [35]. These specific design decisions are described in Section 3.1.2, as well as in
Supplementary B.

2.1.3. Stage 3 Design Methods: User Testing and Iterative Prototyping

The objective of Stage 3 was to observe users interacting with our prototype and refine
the prototype according to their performance and feedback. Additional details from Design
Stage 3 can be found in Supplementary C.

During Design Stage 3, a user testing and interview process allowed our team to
continue building empathy for users’ experience navigating the GerdHelper app and their
impression of the app’s functionality and aesthetics.

First, we interviewed five users (3 females, 1 male, and 1 non-binary) in the age range
of 24 to 35 years. We chose a sample size of 5 users because of evidence that testing an
iterate prototype on five users will allow user researcher to detect most major usability
problems [36]. Participants were recruited from among our personal contacts using social
media. First, users were asked to complete a pre-interview survey that included informed
consent and demographic questions.

Next, we showed users the Stage 2 prototype on Figma and asked them to complete
tasks related to entering symptoms, accessing a calendar, and identifying foods that they
should avoid. While executing these tasks, users were asked to complete a concurrent think-
aloud. Think-aloud is a method where users verbalize their thoughts as they complete
a given task. This method is useful because it allows researchers to gain insight into
why and where novice users struggle, and understand how expert users solve specific
tasks [37]. We chose to conduct a concurrent think-loud to observe direct articulation of
what the participants were thinking as they completed each task [37]. However, to gain
more complete thoughts about the app and its features, we followed the think-aloud with a
semi-structured interview.

Through the think-aloud, we aimed to achieve deeper insights into users’ expectations
about and experiences of the app than could be obtained by observation of users’ actions
alone [38]. Next, participants completed an additional set of tasks, without completing a
concurrent think-aloud and while being observed. Participants’ computer screens, facial
expressions, and audio were recorded. Afterwards, a researcher interviewed each partici-
pant about their perception of the app, and participants completed a brief online survey
about their opinions on our prototype.

After completion of this empathetic interview, testing, and survey process, our team
met, defined updated prototype requirements on the basis of user-testing and user feedback,



Int. J. Environ. Res. Public Health 2022, 19, 1128 7 of 17

ideated design solutions that would meet said requirements, and then finally refined our
prototype in preparation for a final round of user testing. Specific details about design
decisions made during Stage 3 are available in Section 3.1.3 and in Supplementary C.

2.1.4. Design Stage 4: Additional User Testing and Iterative Prototyping

We conducted a final design stage for the purpose of further fine tuning our prototype
on the basis of a continuing empathetic and user-centered iterative design process and
specifically testing usefulness of changes to the symptom tracking and analysis features that
were revised during the previous design stage. We repeated the interview and survey pro-
cedures used in Design Stage 3 during Design Stage 4. Our users (4 females, 1 male) ranged
from 18 to 44 years old and were recruited from our personal contacts using electronic
correspondence. Information gathered during Stage 4 surveys and interviews informed the
final iteration of the app prototype after a series of requirements and ideations meetings
similar to those that took place during earlier stages of the design process. Additional
details about Design Stage 4 are described in Section 3.1.4 and in Supplementary D.

2.2. Methods Used for the Evaluation Phase

At the conclusion of the 2021 Mobile Health Applications for Consumers Design
Competition, our team conducted a qualitative evaluation on the basis of feedback from
competition judges, comments from GERD experts, and our own review of academic
literature on both GERD and mHealth apps.

2.2.1. Feedback from the Competition Judges

Competition judges provided written feedback on our submission during the first
round of competition, after which our team advanced to the second round of competition,
where we presented our prototype to a three-judge panel of human factors experts during
the 2021 International Symposium on Human Factors and Ergonomics in Healthcare. We
then solicited feedback via email from the three-judge panel and had a follow-up conference
call with one of the judges.

2.2.2. Feedback from GERD Experts

After the competition, we created a 17-question survey and solicited feedback from
medical doctors specialized on GERD. Survey is a method where researchers can gather
information from a sample size through a low-cost transmission [39,40]. This method
is beneficial for its low cost, ease of response by users, and automatic transmission and
response [40]. We chose to email a web-based survey to the experts as we recognized
that the experts are busy and unlikely to be able to make time for a full semi-structured
interview.

Our survey was administered via the platform Qualtrics and included a link to our
Figma prototype. We collected basic demographic information about each expert’s profes-
sional background and experience studying and/or treating GERD. We also asked expert
respondents for open-ended feedback about behavioral aspects of GERD, the use of apps
in treating GERD, and feedback regarding the usefulness of our specific app. Survey
questions were not formally validated because the survey style was designed to resemble a
semi-structured interview.

Experts were identified through a Google Scholar search of recent peer-reviewed
literature on GERD, as well as a Google search of primary care and gastroenterologists
practicing in the Washington, DC metro area. We emailed a link to our survey to a total
of 25 experts. One reminder email was also sent to each expert. Two experts submitted
answers to all 17 questions. Seven respondents began to complete the survey questions
but stopped before providing any open-ended input into behavioral aspects of GERD
treatment or feedback about GerdHelper. The contents of this 17-question survey appear in
Supplementary E.
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2.2.3. Evaluation Based on Previous Literature

In addition, we evaluated our final prototype on the basis of literature on GERD and
literature on mHealth apps by conducting a thorough literature review and assessing our
prototype on the basis of this research.

3. Results
3.1. Results from the Design Phase
3.1.1. Design Stage 1 Results

The methods used in Design Stage 1 allowed us to identify four main features that
would meet user needs: (1) tracking acid symptoms, (2) analytics and suggestions about a
healthier life, (3) exporting the data about symptoms, and (4) finding community informa-
tion about acid reflux. These features were then incorporated into an initial low-fidelity
paper and digital prototype (Figure 2), and each was represented on the bottom navigation
bar of the app.
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Results from the competitor analysis indicated that exporting symptom data and view-
ing community information were the most poorly executed features across competitor apps.

To address the first key task of tracking GERD symptoms, our low-fidelity prototype
included a salient “add” button (represented as a plus sign) on the app home page, which
leads to a page where users can record their triggers and symptoms, including details such
as when triggers and symptoms occurred, ingredients/portion (in the case of food triggers),
and additional details such as exercise intensity. The layout and design of this tracking
feature were inspired by popular and user-friendly health apps, including Bearable and
Clue [41,42]. Similarities to existing apps on the market were included to improve efficiency,
memorability, and learnability.
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A calendar feature was added that would allow users to easily scan symptoms over
a long period of time and identify days on which symptoms and triggers have been
recorded. Users would be able to click a date on the calendar to view a pop-up list of
trigger and symptom recorded on that day, including the types of triggers/symptoms,
when these triggers/symptoms occurred, and supplemental data such as food portion size
and symptom severity. Clicking a specific day on the calendar would also allow users to
edit symptom/trigger data entered for that day.

Our low-fidelity prototype also included an analysis page, which aimed to allow users
the flexibility to view simple analytical tools—a symptom-severity-over-time line graph,
a top symptoms list, a top triggers list, and a food leader board—for customizable time
periods. Importantly, because exporting data was identified as a weakness/pain point for
competitor apps, our low-fidelity analysis page included a clearly labeled export button at
the top of the screen. When exporting data, users were invited to choose a file type (CSV or
PDF) and could either download a report directly on their device or have a report sent to
an email address of their choice.

This first version of our prototype also included a community page which directed
users to a resource list designed to include expert-vetted web resources where users
can access credible information about GERD treatments, GERD research, and access to
healthcare. A forum page and option to invite other users to download the app were also
included on the community page feature.

Additional design decisions that our team made early in prototyping included choos-
ing color schemes that would make our app stand out from the orange color scheme used
in the majority of acid reflux apps available for iOS and Android. Our blue theme was
selected to enhance the app’s visibility in app stores. Furthermore, blue was chosen for our
app because blue elicits positive, relaxing feelings [43], which was the calming message we
wanted to send to our users.

An important final result of Design Stage 1 was the production, ahead of our first
user interviews, of a medium-fidelity prototype on Figma, an online medium-fidelity
prototyping tool. This prototype included data visualization, symptom tracking, trigger
tracking, and community features (Figure 3).
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3.1.2. Design Stage 2 Results

Design Stage 2 focused on incorporating feedback from participants with GERD.
Participants commented that they wanted “the ability to log meals” and “[a] note tab
because everyone’s different.” Comments like these guided the app development and
indicated critical features for the app.

The consensus seemed to be that the participants wanted to record their acid reflux
triggers (such as diet or stressors) with notes after they experienced an episode of acid
reflux. Second, they wanted to export their data to share with a healthcare professional.
Third, the participants wanted alarms for mealtimes and medications to help regulate
their lives. Finally, participants wanted the app to include a community aspect such as a
forum or a chat where they could exchange information with other acid reflux patients.
Although we had most of these features already in place in our Stage 1 Figma prototype,
we added a notes function (Figure S3) to the symptoms tracking feature and added an
alarm component (Figure S4) in our app settings. These app features ultimately evolved
into an important profile function, which allowed additional app personalization options.

3.1.3. Design Stage 3 Results

Based on the results of the concurrent think-aloud, interview, and survey, we made
several changes to the prototype: We added trashcan icons to food trigger ingredients
(Figure S5) to make deleting individual ingredients easier for users; we added frequency
tables (Figure S6) to the analysis page to show how often the three most frequently reported
symptoms were reported in conjunction with frequent triggers; and we added percentages
to the symptoms and triggers display for additional context.

Furthermore, users suggested placing a back button in the community section
(Figure S7) for easier navigation. In response to feedback on the color scheme of the
app, we committed to carrying the same color theme to relevant buttons and headers
(Figure S8). We also decided to use circle and square symbols in addition to color differenti-
ation on the calendar pages (Figure S9) to accommodate people with colorblindness.

Four participants responded to the post-interview survey (one participant declined).
The post-interview survey asked participants how easy and enjoyable the app was. Survey
results indicated that participants found the app moderately easy to use (n = 3) and
extremely easy to use (n = 1). Participants also found the app “neither enjoyable nor
unenjoyable” (n = 2) and “moderately enjoyable” (n = 2).

3.1.4. Design Stage 4 Results

All Stage 4 users had problems with downloading the analysis page; in response, three
of them suggested that we remove the export button and move the email function to a
secondary pop-up screen. We restructured the download analysis page to have clearer
selection methods and allow for multiple actions, such as emailing and downloading, at a
time (Figure S10). In addition, two participants had trouble locating the food leaderboard
and suggested we move it up and condense the analysis page (Figure S11).

Users also suggested that we implement a dark mode to save power, accommodate
diverse environmental conditions, and cater to users who generally prefer working in
dark mode. Some users failed to differentiate the forum and expert advice features on the
app’s community page, which led us to change the language on the community menu
to differentiate between the two features (Figure S12). In response to feedback, we also
changed the order of community menu items to place trusted expert resources above the
social forum feature (Figure S12). Additionally, we administered a post experiment survey
where we asked participants about ease of use and joy of use. Survey results indicated
that participants found the app “slightly easy to use” (n = 2) and “moderately easy to use”
(n = 2). Participants also found the app “neither enjoyable nor unenjoyable” (n = 2) and
“extremely enjoyable” (n = 2).

Participants suggested that status messages should confirm that a trigger or symptom
had been saved. Some users felt that there were too many steps involved in adding a food
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trigger; however, we intend to add “Favorites” and “Recents” functions (Figure S5), which
were not fully prototyped, to mitigate this problem.

During our final design stage, our team of usability experts employed several methods
to address accessibility. First, we used a plugin on Figma called Able, which provides a
color contrast ratio and gives a pass/fail score for small text and large text readability. This
app received a passing score for text size (Figure S13). We ran additional tests with color
blindness simulators and determined that the app was readable. Rather than relying solely
on color to convey key information, we utilized color contrast and shape in conjunction with
each other to ensure that the app was accessible to colorblind individuals. Furthermore,
as mentioned in Section 3.1.2, users have the option in the settings (Figure S14) to change
the contrast/theme, background color, and text size to make the app more accessible to
colorblind or visually impaired individuals. The final prototype from Design Stage 4 can
be seen in Figure 4.
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Figures S15–S19 in Supplementary D provide a link to our team’s final Figma proto-
type, as well as images detailing several of the app’s key sections.

3.2. Results from the Evaluation Phase
3.2.1. Evaluation by Experts in Human-Centered Design

The final app that our team submitted to the 2021 Mobile Health Applications for
Consumers Design Competition was the product of direct user feedback and an empirically
validated iterative design process. We did not expect iterative improvements to cease after
the theoretical launch of our app, and we identified several avenues for future enhance-
ments. Based on user interest, we planned to add a feature to process photos of food and
scan barcodes of food triggers. These features would make the app faster to use, help users
visualize meals, and provide more accurate information about the food triggers. As an
additional time-saving feature, we anticipated adding a widget function to the app, so
users could easily access the app and log triggers/symptoms without having to enter the
app. We anticipated that user feedback and user testing would guide future iterations of
the app and would aim to create a higher fidelity prototype so we could include additional
features not available in Figma. Further, we recognize the limitations of the formative user
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testing methods we employed during the design thinking process described in this paper,
and would aim to incorporate summative or quantitative methods, such as A/B testing
of key features, surveys with larger sample sizes, and more formal benchmarking (e.g., or
error number or task success rates), into research on future iterations of GerdHelper.

Yet, even in light of the fact that our final high-fidelity prototype did not represent
a “finished product,” we recognize the potential room for improvement. Judges for the
design competition—all doctorate-level experts in human-factors in medicine—provided a
number of valuable suggestions related to the design process.

One competition judge pointed out that the somewhat “cartoonish” names chosen for
our personas early in the design process may have interfered with our team’s ability to truly
empathize with them as part of a user-centered design process. Reviewer comments also
addressed the time associated with tracking triggers and symptoms on a day-to-day basis
and suggested more innovative solutions to the problem of how GERD patients would fit
use of the app into their daily routines.

Reviewers also provided compelling feedback related to the analysis page of our app
and its ability to integrate user data over time into a display that is informative and helpful
to patients. Because our team did not include any medical professionals, we aimed to create
a straightforward analysis of descriptive statistical information and avoided providing
inferences or medical advice. This approach leaves users without any specific advice
about how to manage the relationship between reported symptoms and triggers or when
to seek medical advice. Further, the prototype analysis page does not make clear how
multiple symptoms can be tracked over time or how symptom and trigger percentages
are calculated. Furthermore, while the analysis page provides a frequency table pairing
frequent symptoms with the top three triggers reported on the same day as said symptoms,
it is not clear how useful this output would be to GERD patients because a trigger reported
at one time of day is not necessarily related to a symptom reported on the same day
(perhaps at a different time of day or conceivably even before the trigger occurred). Overall,
the analysis would require additional fine tuning ahead of launch.

Another striking suggestion from competition judges was the comment during a
post-mortem discussion with one of the judges that our app prototype might be as valuable
or more valuable as a research tool for scientists studying the interplay of GERD symptoms
and behavior than it would be as a medical tool designed for treating and controlling GERD.

3.2.2. Evaluation on the Basis of GERD-Expert Feedback

Two scientist–practitioners responded to our web-based email survey. The experts
were given specific, but open-ended questions to allow them an opportunity to elaborate
when needed, but to also obtain specific insights about GERD, our app, and how our app
could be used for GERD management. At the end of the survey, they were prompted to
give any additional feedback about the app. The experts were given a link to the final
prototype in the Qualtrics survey that was emailed to them.

Expert 1 reported being an MD who works as both a practitioner and a research scien-
tist conducting NIH-funding research on both GERD pathogenesis and GERD interventions.
Expert 1 agreed with our team’s assessment that the existing GERD apps are inadequate as
tools for managing GERD.

When asked which behavioral interventions are useful for GERD patients, Expert 1
suggested that fitness, leading a healthy lifestyle, adequate sleep time, and controlling
anxiety should be top priorities. Expert 1 also suggested that personalized feedback
and education materials should be included in an app designed to control GERD. They
cited Oura Ring as an example of an app that successfully integrates patient data into
personalized feedback.

Expert 1 also provided several useful suggestions about diagnostics. They suggested
the GERDQ, a self-assessment diagnostic questionnaire [44], as a useful tool for GERD
patients. They also stated that a diary can be a useful exercise for patients who are in the
beginning stages of GERD diagnosis and treatment.
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After reviewing our prototype, Expert 1 stated that they would potentially recommend
our tool to GERD patients, but they also suggested specific improvements, including a
mechanism for linking the app to patients’ electronic medical records and a mechanism for
incorporating a symptom score. Expert 1 further suggested that medication tracking and
exercise should be more prominent features of the app.

Expert 2 reported being an MD who works as a practitioner, a research scientist, and
a gastrointestinal expert with 41 years of experience. This expert also reported that they
have conducted original and drug company research. They stated that the key behavioral
considerations for GERD management are not eating late in the day and elevation of the
patient’s heads while they sleep. This expert stated that although food and smoking can
trigger GERD symptoms, these two are relatively minor issues in GERD treatment.

After reviewing the GerdHelper app, this expert emphasized the need to educate
patients about GERD and GERD risk factors, and they stated that the GerdHelper app may
be useful for this purpose. However, they expressed that, while the “younger generation”
may find this app useful, they preferred the “old school” style of doctor-to-patient con-
versation. Furthermore, Expert 2 indicated that the GerdHelper app would be useful for
research studies, but they were unsure the degree to which the app would be good for
clinical use. Overall, this expert believed that the GerdHelper app might be beneficial to
young populations while emphasizing that it is important to keep mHealth tools simple so
that the public can actually use them.

3.2.3. Evaluation on the Basis of GERD-Expert Feedback

A rigorous comparison of our final prototype to the literature on GERD and mHealth
apps yielded a few important observations about limitations of our prototype.

First, several issues that currently challenge the mHealth industry as a whole are also
apparent in our own design process and prototype. Privacy and security are important
challenges in the mHealth literature that were not central to our user-centered design
process and are not adequately addressed by GerdHelper’s current features [13]. It would
be beneficial to evaluate GerdHelper’s compliance with current medical privacy regulations,
as well as conduct further user testing with a focus on how GerdHelper fulfills users’
privacy preferences and expectations.

In addition, as with many other medical apps designed to help patients manage
chronic conditions and change behaviors, the app was not the subject of a randomized
control trial which should be conducted in the future to provide reliable evidence about its
efficacy and usefulness [13,17].

4. Discussion

GERD is a prevalent clinical condition that may have serious consequences, including
loss of life satisfaction and an increased risk of esophageal cancer [3,4]. We used a variety
of empirically supported methodologies and expert insights to design a prototype of the
GerdHelper app for the purpose of helping patients to understand and address GERD
symptoms. Results from our design and evaluation phases led to valuable insights about
what GERD patients want and need in a mobile application.

First, there are no adequate mobile apps to aid patients with GERD, despite the large
number of people with GERD. This sentiment is also reflected in the literature [22] and
by the experts we interviewed. Second, we identified a set of key features that GERD
patients need/want for alleviating and managing their symptoms. These features can be
used as a reference point for treatment plans and future app designs for patients with
GERD. Third, we documented a process for developing and evaluating a mHealth app
following human-centered design guidelines. The procedures and methods we used can
also be referenced by future app developers who aim to improve their app design process
with human-centered design principles. Furthermore, we have identified resources that
app designers can use for accessibility purposes.
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Although we incorporated key features and pain points for GERD patients into our
app, we also recognize limitations of the GerdHelper app and areas for improvement. First,
due to financial and time limitations, we did not create a high-fidelity prototype with live
functions for the participants to use. Instead, the prototype featured a limited number of
actions that the participants could perform. However, most features and buttons relevant
to our user-testing tasks were clickable and usable. If this app continues into production, a
live, more comprehensive prototype would be needed for additional rounds of user testing.
Indeed, per feedback from the GERD experts, we believe that more user testing is needed
in order to optimize the GerdHelper app.

We would highly recommend that future rounds of testing include users with a greater
range of ages. Our users ranged in age from 18 to 44, which does not reflect the reality
that advanced age is associated with an increase in GERD risk, with an emerging patient
population between 30 and 39 years old [4]. We also recognize the great importance of
testing digital tools on users beyond the researchers’ own social circles in order to minimize
personal biases in user feedback. We would also note as a limitation of this study that our
expert survey was not formally validated

In line with feedback we received from the Medical Apps for Consumers Design
Challenge judges, we would recommend further consideration of time-saving features that
might make the app easier to use in addition to continued consideration of more useful
ways to present and analyze patient data on the analysis page.

Another important limitation of the GerdHelper app is the lack of input from medical
experts throughout the design process. This limitation is illustrated by Expert 1′s suggestion
that fitness, sleep, control of anxiety, and a diary should be central aspects of a GERD-
management app. In addition, both experts that we surveyed emphasized educational
resources as a critical part of GERD education; our prototype did not include highly testable
educational sections.

Expert 1 further shared that because each case of GERD is best treated in manner
specific to the individual patient’s symptoms and diagnostic history, diagnostic personal-
ization, including the GERDQ [42], would be ideal features of an app for controlling GERD.
It would be most beneficial to include medical professionals during a design process, so
that appropriate diagnostic tests and medical recommendations can be added.

The fact that mHealth applications which provide medical advice should be, but
in practice often are not, designed and vetted by qualified medical experts reflects a
troubling reality for the industry. This problem is exemplified by a 2013 study in JAMA
Dermatology that scrutinized apps which analyze consumers’ photos of skin lesions and
classify them as benign or malignant. Of the mentioned four apps, three provided an
inaccurate classification of at least 30% of concerning lesions [13,45]. To complicate matters,
the mHealth app industry is currently governed by inadequate standards, certification
mechanisms, and government oversight [13]. Appropriate oversight structures would
ease the design process for mHealth apps in addition to facilitating higher quality, more
useful apps.

Another related issue involves privacy and security concerns surrounding mHealth
apps. As discussed above, privacy and security were afterthoughts for our team. We
acknowledge, however, the importance of enhancing the privacy and security of mHealth
apps by putting these issues at the forefront of the design process—especially in light of
inadequate attention to and research on this issue across the mHealth industry [13]. More
stringent attention to data privacy and data security would be needed before implement-
ing Expert 1’s recommendations to include diagnostic tools and medical-record-interface
options to our app.

Finally, a critical concern about mHealth apps in general and the GerdHelper app
in particular is the need for better empirical research on their effectiveness, including
randomized control trials and longitudinal studies [13]. To our knowledge, no GERD
apps have gone through randomized control trials. Moreover, only few mobile health
apps, except in diabetes research, have gone through randomized control trials [12–16].
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In contrast with the fast pace of the tech industry where mHealth apps originate, high-
quality empirical research on medical interventions requires a long timeline. Reconciling
these contrasting approaches to research and development is a challenge that the mHealth
industry—including projects such as the GerdHelper app—must meet in order to fulfil
their promise to patients and consumers.

5. Conclusions

Despite all the app-specific limitations and mobile app limitations, the GerdHelper
app provides valuable insights that can be utilized for future app development for chronic
conditions such as GERD. The main contribution of this paper is to outline a methodology
that mHealth app developers can reference to create a human centered app. This paper
will especially provide help to those without a background in user research, in addition to
illustrating the challenges that user-research experts face in incorporating medical expertise
into the design of mHealth applications.

This article outlines the process, design methods, and evaluation approaches that can
be used for future app developers to reference. Human centered design should be the
guiding principle for usability and accessibility. A team approach is also recommended
for mHealth apps so that end users are well-supported by medical resources, education,
personalized feedback, and community support, while utilizing the apps to their maximum
capacity. Well-designed apps can drastically improve people’s quality of life and life
satisfaction. Our design procedure and research can help others create apps that will
impact people’s lives for the better.
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