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Abstract

Background: Observational studies have proven to be a valuable resource in medical research, especially when performed on
a large scale. Recently, mobile device-based observational studies have been discovered by an increasing number of researchers
as a promising new source of information. However, the development and deployment of app-based studies is not trivial and
requires profound programming skills.

Objective: The aim of this project was to develop a modular online research platform that allows researchers to create medical
studies for mobile devices without extensive programming skills.

Methods: The platform approach for a modular research platform consists of three major components. A Web-based platform
forms the researchers’ main workplace. This platform communicates via a shared database with a platform independent mobile
app. Furthermore, a separate Web-based login platform for physicians and other health care professionals is outlined and completes
the concept.

Results: A prototype of the research platform has been developed and is currently in beta testing. Simple questionnaire studies
can be created within minutes and published for testing purposes. Screenshots of an example study are provided, and the general
working principle is displayed.

Conclusions: In this project, we have created a basis for a novel research platform. The necessity and implications of a modular
approach were displayed and an outline for future development given. International researchers are invited and encouraged to
participate in this ongoing project

(JMIR Res Protoc 2017;6(5):e99) doi: 10.2196/resprot.7705
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Introduction

In recent years, mobile devices, such as smartphones and tablet
computers, have become an important data acquisition tool in
observational studies. Only in the last two decades have

researchers noted a shift from traditional paper-based surveys
to Web-based questionnaires [1-3]. The rapid spread of mobile
phones and other devices, as well as the increasing functional
abilities of those devices, has led to yet another shift in
technologies that we are currently experiencing. An increasing
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number of medical professionals from various disciplines, for
example, dermatology [4], psychology [5], gynecology [6], and
pulmonology [7], are conducting studies based on mobile apps.
While some reasons may be individually motivated, a number
of advantages drive this development. In particular, “[t]hese
research apps enhance widespread participation by removing
geographical barriers to participation, provide novel ways to
motivate healthy behaviors, facilitate high-frequency
assessments, and enable more objective data collection” [8] by
collecting the data in a domestic setting.

Piwek et al [9] have analyzed what prevents mobile phones
from being the standard research tool for psychologists and
conclude that “[s]martphones may only become an asset […]
when development software that is both easy to use and secure
becomes freely available.” In conclusion, the authors identified
three reasons that limit the extensive growth and further use of
mobile devices for research studies: (1) programming barriers,
(2) consenting issues, and (3) concerns regarding privacy and
data security.

The project presented in this paper depicts a Web-based platform
solution aimed at solving these limiting factors with a clear
focus on programming barriers and data security. The platform
allows the creation of study apps without programming skills.

Methods

The concept of our modular research platform focuses mainly
on usability and an easy-to-use approach. A Web-based user
interface to build studies (StudyBuilder) and to analyze ongoing
studies (StudyAnalyzer) forms the key component of the
platform. All created studies are stored in a database and become
available via the study app (ResearchApp: ParticipantView).
More complex studies, which exceed simple questionnaires to
be answered by a participant, require the option to enter specific
medical information by a medical professional. This feature is
realized by a third essential component provided for doctors
and other medical professionals (DoctorsView). Figure 1 gives
a schematic overview of the general concept followed in this
work without the DoctorsView.

In order to allow a flexible study design, a thorough analysis
of essential components and required functions was necessary.
Apple ResearchKit breaks down every observational app study
into an introduction, an eligibility check, an informed consent,
questionnaires, and surveys. Participant profiles, as well as
sections with general information and progress of the study, are
often included but not essential. Figure 2 depicts this concept
[10-12].

Figure 1. Schematic overview of the general concept.
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Figure 2. General concept of app-based observational studies. Red colored modules are mandatory.

Module: Questionnaire
We further considered how app-based questionnaires are
conducted and which functionality is needed. The required
components can be broken down into different question types,
transitions, and intervals. Question types can be open questions,
multiple-choice questions, scale questions, and many more
various kinds. In our terminology, transitions describe the flow
within a study and intervals allow any sort of timing. All aspects
are defined in more detail below.

Primarily, the concept of modules was introduced to manage
studies. Each study consists of at least one or multiple modules
(ie, questionnaires). Possible other modules are tasks, sensor
data, reminders, and tips. In the current version of the research
platform, only questionnaires are available and all further
discussion in this work is limited to questionnaires. Every
questionnaire consists of one or multiple questions. Each
question is considered to be an element of the module.

Elements within a module and modules within a study are by
default sequentially connected. When the last element of the
last module is completed, the study is completed.

Transitions allow one to customize the flow of a study. A
transition defines what is supposed to happen next, given
external or internal conditions. A transition can define (1) a
jump to a specific element (eg, question), (2) a jump to another
module, (3) repetition of the same module, or (4) termination
of the study.

The internal or external conditions can be determined simply
by the outcome of one element (eg, answer to question 3 is yes),
any numeric outcome (eg, age >30), a combination of numeric
outcomes (eg, Comparative Pain Scale value 5 + continuous
hours with this pain) or the overall outcome represented in a

key figure out of multiple answers (eg, sum(), max(), avg(),
min()). This idea also allows researchers to use established
scores (eg, Short Form-36, Wells-Score, CHA2 DS2-VASc) to
trigger transitions and influence the study flow.

In many studies, a timed execution of a module is desired. This
may be regularly (eg, every 4 weeks) or with respect to a
condition (eg, 6 weeks after surgery). The concept of intervals
was introduced to (1) allow a timed execution of modules and
(2) store answers and outcome of a module with respect to an
interval.

By default, the study starts with the first module and ends with
the last. The user can determine further starting modules that
will also be triggered when the study begins, independent of
any other events. This initiates a separate module flow.

Module: Introduction, Eligibility Check, and Consent
Torous et al and Hwang et al [13,14] discussed the complexity
of app-based eligibility checks and an informed consent. In
summary, it can be stated that this issue is highly dependent on
responsible ethics committees and applicable law in the country
or region of the research institution. Again, the focus of our
work is to provide tools within the research platform that
facilitate principal investigators of a study adapting predefined
solutions for their individual purposes. As concluded by
Eysenbach et al [15], every medical study—app-based
observational studies are no exception—require an eligibility
check and an informed consent in order for participants to enroll.
This project distinguishes between two main options: (1) a fully
app-based information, eligibility check, and informed consent
and (2) a paper-based enrollment by a doctor. The StudyBuilder
provides an eligibility module that checks the inclusion criteria
for the study and an informed consent module that allows a
customized app-based consenting. A separate module is
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provided allowing a doctor to inform participants about a study
and using the app only for support. This module is available
only for closed, non-public studies. Different study types are
as follows.

Technical Architecture
The prerequisite for the concept presented in this paper is a
centralized database structure. Data security and privacy are
often mentioned as a disadvantage of mobile studies and reasons
for researchers and participants to refrain from app-based studies
[16,17].

Piwek et al [9] mention that data security is certainly not one
of the strong sides of most medical professionals and thus
requires the involvement of cost-intensive information
technology specialists or computer science departments. A
centralized data structure and shared research platform for
numerous projects and research groups, as proposed in this
work, eliminates the necessity to develop individual solutions
regarding data security.

A structured query language database has been created that is
stored on a webserver located in an independent German medical
research foundation. Comprehensive German and European
Union data protection law regulates the general conditions.
High-end encryption algorithms have been implemented on the
secure server, incremental backups are transferred to secure
locations regularly, and all communications have been secured
using secure sockets layer protocols. Most importantly, the
established security level is continuously maintained and
enhanced to meet new requirements and regulations.

Customization, Language Support, and Study
Publication
All studies can be customized and managed using the
StudyBuilder. Customizing allows setting a study logo, colors,
and institutional logos of the sponsor or research foundation.
Currently English, French, Spanish, and German are the
supported languages of the research platform. All studies may
be created with single- or multilanguage support.

The StudyBuilder controls publication, pausing, and termination
of studies. Each study may run in a predefined timeframe but
may also be paused or terminated at any point by a (senior-)
scientist. Studies may be published publicly or privately. Private
studies are accessible only with an access code (StudyCode).
This feature enables researchers to create studies for a predefined
group of participants, for example, treated patients or within a
specific institution. Public studies are available worldwide and
may be accessed via the study browser in the participant app.

User Concept, Profile, and Information
Research is never a one-man show. Representing the complexity
of research institutions in a Web-based research platform is
challenging. We propose a solution with defined user roles for
the Web-based research platform (Figure 3). Every user is
assigned to an organization. Users may sign up to the research
platform themselves or may be invited by email. The email
contains a sign-up link. After completing the registration
process, the user is either auto-verified, -approved, and -assigned
by an institutional email address or they may request a new
organization or enter an existing organization. A user may
incorporate different roles in different studies.

Figure 3. User concept for the Web-based part of the research platform (StudyBuilder and StudyAnalyzer).
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Figure 4. Screenshots of the current beta version of the a) StudyBuilder and b) StudyAnalyzer.

Results

In January 2017, a beta version of the proposed research
platform was completed and made available for a chosen group
of testers. Figure 4 shows screenshots of the StudyBuilder and
StoryAnalyzer. The StudyBuilder features multilanguage support
and allows the composition of studies out of 13 prebuilt question
types. In the current version, the StudyAnalyzer delivers basic
demographic data on each study. A full dataset can be
downloaded for further processing and statistics.

Several steps of the ParticipantView of an example study are
displayed in Figure 5. Each participant has to register to the
research platform with basic demographic information. Then,
every user can join one or multiple studies.

Within the first 12 months of this 24-month long project, we
successfully developed a running prototype of a novel research
platform to simplify app-based medical studies. The prototype
consists of a strong database structure—a Web-based platform
that can be used to easily create simple studies within minutes.
Furthermore, it is possible to publish those studies for use in a
study app. Studies can by multilingual and support complex
user hierarchies.
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Figure 5. ParticipantView of an exemplary study created with the research platform.

Discussion

Principal Considerations
This work presents a novel research app development platform
that allows the creation of mobile research apps without the
need for programming skills.

In recent years, we have seen an increasing number of medical
studies supported or entirely based on mobile apps. So far, little
is known about the impact and merit of this technology, but
first results are promising when this method is used adequately
[8]. Specifically the psychology [18,19] and epidemiology [20]

fields, but also every other medical discipline, are hoping to
benefit from this technology and gain new insights regarding
prevalence, diagnosis, and treatment of diseases [11,21].

Early studies, however, have identified challenges to this new
technique, mainly programming and other technical issues
[10,22]. In our opinion, it is neither cost-efficient nor
time-efficient to develop individual apps for each study. The
research platform we present lowers costs and improves quality
as well as data safety. Apart from that, synergy effects in
acquisition of participants are possible. A platform with possibly
hundreds or thousands of studies might attract participants to
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join multiple studies or to take note of other studies and
recommend those to family and friends.

The modular platform is itself built out of modules. Further
functionality is planned and will be added throughout the entire
first development period of 24 months.

Comparison With Prior Work
In March 2015, Apple, Inc. announced the launch of
ResearchKit, an open-source framework aimed at
revolutionizing medical research studies. Until today, Apple is
the only major software company providing such a framework
[9]. During the initial presentation and announcement, the
framework was described as a simple and easy-to-use tool for
medical specialists. First studies [4,9,10,12,21] mutually agree
that Apple has missed this goal of simplicity. Significant Object
C or Swift programming skills are necessary to achieve a fully
functional app.

Apart from that, ResearchKit supports only iOS devices.
However, the majority of all mobile devices sold and being
distributed is based on an Android system (Open Handset
Alliance) [23]. This disadvantage has been recognized and
addressed by two independent project groups. One of those
being ResearchStack [24], which is maintained by Cornell
Tech’s Small Data Lab and Open mHealth. A different solution
called ResearchDroid [25] is commercially available and
provided by Applied Informatics Inc.

ResearchStack is a fully functional software development kit
and user experience framework aimed at developing research
apps for Android devices. The framework is comparable to
ResearchKit and aims at speeding up the transfer process for

existing ResearchKit apps. This is achieved by “offer[ing]
enough shared functionality and a common framework and
naming scheme” [24].

ResearchDroid is “an Android library developed for automating
survey forms and information consent building process” [25].
The library is very similar to the initial version of ResearchKit
but allows the creation of Android instead of iOS apps.

ResearchKit, ResearchStack, and ResearchDroid have in
common that all projects provide software libraries, frameworks,
and development tools that require extensive programming
skills to create apps. Appbakery (TrialX) [22,26], on the
contrary, is the solution most similar to our work. The main
goal of Appbakery as well as our approach is to enable
researchers to create apps without programming skills. By using
and integrating ResearchKit and ResearchDroid, Appbakery is
capable of creating powerful and native iOS and Android apps.
According to the company’s website, the product features
HealthKit support, GoogleFit support, sensor support, and a
data storage solution compliant with the Health Insurance
Portability and Accountability Act, as well as simple surveys
and prebuilt consent modules. A monthly fee is charged for this
commercial solution. Figure 6 compares these different
solutions.

To the best of our knowledge, other examples of comparable
work exist only for computer-based software. Notable ones are
PsychoPy [27] or LabView (National Instruments) for technical
measurement systems. Both examples enable users to create
individual software solutions with a graphical user interface
engine and without programming skills.

Figure 6. Comparison of currently available study building frameworks and platforms with the solution presented in this work.

Limitations
A limitation of this work is that mainly only technical problems
are addressed and potentially resolved. Social implications of
a centralized research platform are yet unknown. Currently,
critics argue that this technology has the possibility of security
breaches. Furthermore, a vast percentage of the population is
very sensitive and cautious about sharing personal health data

via mobile devices. However, in our opinion this platform could
also be a chance to build trust in this technology. With time and
success, skepticism might vanish.

Another limitation is that not every study design can be created
with the StudyBuilder. Although numerous options and
possibilities have been taken into account, it is technically
impossible to be prepared for every possible research scenario.
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Conclusions
This ongoing project attempts to solve many issues regarding
mobile phone research. According to the United Kingdom’s
National Health Service, development costs currently range
from £1000 to £30,000 depending on the extent and functionality
of a study app [11,28,29]. It seems necessary to concentrate
resources for the development of a uniform and secure platform
rather than supporting individual developments.

Furthermore, computer scientists, clinical doctors, psychologists,
and many other professions are asked to work together for an
all-embracing solution. The ultimate goal has to be a
patient-oriented solution that is cost-effective, meets researchers’
needs, and helps gather important medical data for a broad
variety of diseases.

The first 12 months of the project were used to develop a first
fully functional version of the proposed research platform that
allows the creation of simple survey-based studies. Sensor
support, HealthKit and GoogleFit connectivity, automated trial
registration, and extended backend functionalities will be added
in the second project phase. Our institution has agreed to cover
maintenance and support subsequent to the initial development
phase of 24 months. Possible contributors and additional funding
for further development are currently being identified. The vital
source code will be available online under the Creative
Commons license.

Scientists or companies willing to contribute to this project are
welcome to contact the authors.
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