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Abstract. This paper describes the process of developing the tech-
nical infrastructure of the Health Telescope: an interventional panel
study designed to measure the long term effects of eHealth usage. We
describe the design and implementation of both the Health Telescope
application—an Android application that allows us to interact with
participants and obtain measurements—and the researcher authoring
client—a web-based application that allows us to flexibly submit expe-
rience sampling tasks to participants. This paper serves as a blueprint
for those wanting to study long-term behavioral change in the wild. The
paper furthermore describes a pilot study that was conducted to evaluate
the research software. We conclude with design guidelines aimed at those
aiming to undertake a similar endeavor that are vital when developing
similar software; this paper aims to highlight both the importance and
challenges of measuring the effects of eHealth applications longitudinally.

Keywords: eHealth · mHealth · Longitudinal data collection ·
Interventional panel study · Wearable research · Technical guidelines

1 Introduction

Physical activity has decreased globally over the last 50 years [14]. In parallel, the
last 50 years have brought forth a lot of research on health and physical activity.
Given the developments in recent years, with new technological advances such as
smartphones, wearable bands, smart scales, and many other examples entering
the consumer market, we can now analyze health behaviors at an unprecedented
level by generating high amounts of data on activity and physical health.
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However, research utilizing modern technology like cellphones and activity
trackers still has some challenges: for one, long-term engagement with this tech-
nology has proven challenging [8,24]. The accuracy of devices is often inconsistent
[6] and not validated [15]. Measuring the effects of usage may stretch beyond
simply measuring step count for some period of time, and changes in health
behaviors are made in different ways. These factors, among others, make it hard
to conduct large-scale longitudinal research using activity trackers to measure
participant physical activity. Furthermore, developing the technical infrastruc-
ture for such research can be challenging, as the technologies used are complex.

This paper describes the development of the system design and technical
implementation of the Health Telescope, an interventional longitudinal study
investigating the effects of eHealth app usage. With this paper, we aim to show
the process through which the technical infrastructure for the Health Telescope
project was developed. The paper covers the thoughts going into building the
system, the details of the architecture, the evaluation process, done through a
pilot study, followed by the improvements made after receiving feedback. These
details on the development process may be interesting for readers trying to set up
longitudinal research using mobile phones to generate data, or to communicate
to participants. It can also be informative for researchers interested in using data
generated in the project.

In the Health Telescope study, we measure the activity and mood of N = 450
participants for a minimum of four months. During this time, participants will
be monitored and recommended to download existing applications for health
behavior change. This study is significant for the field of eHealth for the follow-
ing three reasons: (i) carrying out intensive longitudinal research contributes to
helping the general understanding of the effects of eHealth application usage, as
well as health behavior change; (ii) uncertainty exists regarding how to fully cap-
ture the effects of eHealth apps, in this study a broad range of information such
as daily activity, sleep, mood, and phone usage is collected, allowing a unique,
detailed look into the effects of usage of the apps distributed in the study; (iii)
different approaches for health behavior change can help different users. In the
study, we will experiment with personalization of eHealth app allocation: by pre-
scribing different applications to different users, we aim to learn if an eHealth
app is more effective for users with certain characteristics (i.e. “elderly women”,
“20-year olds that wake up at 6 am”, “participants that make intense use of their
smartphone”). We can then test these hypotheses by recommending the appli-
cations to users with similar characteristics. The study objectives are further
detailed in Sect. 2. A detailed setup for the study can be found in [26].

The remainder of this paper is structured as follows: the paper starts by
introducing the background, objectives and architecture of the Health Telescope
Project (Sect. 2); then, the implementation of the system created for the study is
described (Sect. 3). Next, we show how the system usage allows us to accomplish
use cases (Sect. 4). We furthermore expand on a pilot that was used to evaluate
and improve the system (Sect. 5) and close off by discussing improvements and
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related work, as well as describing a set of guidelines following our development
process (Sect. 6).

2 The Health Telescope Software

The infrastructure described in the paper was created as part of the Health
Telescope project. The project goals inspired us to build an infrastructure that
can communicate with study participants’ cellphones, and capture behavioral
data like step count and phone usage to investigate the effects of using eHealth
applications. In this section, we briefly discuss the Health Telescope project,
listing its goals and motivations. We do so to show the rationale behind the
development process and infrastructure that we discuss in the remainder of the
paper. Additionally, we describe the requirements that implementations will need
to satisfy. We first do this through sketching the data flow needed for the project,
followed up by use cases that help make the details of the architecture concrete.

2.1 Study Objectives

The system is designed as part of the Health Telescope project, an interven-
tional panel study measuring activity data using wearables. The objectives of
this project are as follows:

– O1. We aim to investigate the effect of using eHealth apps focused on increas-
ing physical activity on activity and mood, for a long period,

– O2. We want to see if there is a correlated effect between short-term measures
and long-term measures after interacting with eHealth apps,

– O3. We want to test different ways of personalizing eHealth offerings.

To effectively accomplish these objectives, we chose to not simply design or
test a single app, but instead investigate how individuals respond to existing
eHealth apps that focus on different, distinct persuasive elements. We will rec-
ommend study participants different, existing eHealth applications that all focus
on improving physical activity, using different behavioral change techniques. For
more information on the reasoning and design of the study, we refer to our study
protocol [26].

2.2 System Architecture

To enable the goals of the Health Telescope project, we developed a system that
allows a researcher to directly communicate to study participants, through a
mobile app, as well as have that app transfer data generated by participants
to the researcher. The architecture for this system has been largely inspired by
a previous application for conducting event and signal contingent experience
sampling studies, TEMPEST [11]. Like TEMPEST, the Health Telescope archi-
tecture consists of 3 software components:
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– A mobile application for the Android OS, available to participants via Google
play store, which collects data in the background on app usage and location
from the phone, and steps, activity, and heart rate from the wristband. It
also receives and renders content as produced by the researchers, such as
questionnaires or cloud messages.

– An authoring web application, to be used by the researchers for creating
content and managing its distribution to the participants in the study.

– A server that stores content and collected data in a database, and allows
information to be shared between the authoring web application and the
mobile application.

2.3 Considerations in Developing the System

We intend to create an application that serves as an observer app: that is, it
gathers data relevant to the study from a user’s phone, and transfers it to the
database. The Health Telescope app is meant to a) transfer wearable and phone
data to the database, and b) help evaluate existing apps. Importantly, the pur-
pose of the app is not to function as a behavior change app in itself. Instead,
we would like to use the app to observe how active users are before, during and
after using eHealth apps that will be recommended to them during the study. To
accomplish this, focus is put on making sure communication and data transmis-
sion happen correctly, not on experimenting with incentivizing activity or ways
of engaging participants.

To ensure that the system can perform the tasks required to accomplish the
study goals, we used use cases as a measure of internal testing during develop-
ment [7]. These use cases resemble queries that need to be run during the study.
The value of use cases shows in two different stages of development: a concrete,
step-by-step plan on how the system should function can help during imple-
mentation by showing explicit restrictions that the system will need to uphold.
During evaluation, each action in a use case can be tested to effectively isolate
and communicate about existing flaws in the software. We expand further on use
cases by giving two examples in Sect. 4 as a way of demonstrating the system’s
flexibility, as well providing detail on our evaluation process.

3 Implementation of the System

In this section, we discuss the framework that was created for the project. Below,
we will detail the structure and interactions of the mobile app and authoring
client.

3.1 Mobile Application

The goals of the Health Telescope application are:

1. To serve as a tool for users to self-report on their mood;
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Fig. 1. Screenshots from the Health Telescope application. The first panel shows the
privacy configuration for data collection, the second panel shows an example of a
questionnaire loaded in the app, and the third panel shows the home screen, displaying
the daily step counts, a wearable connection menu, and a notifications bar.

2. To gather GPS and phone usage data;
3. To collect sensor data from the wearable band, visually display this data, and

transmit collected data to our servers;
4. To deliver interventions to participants; and
5. To monitor participant engagement.

The Health Telescope application is designed as a tool to observe participant
behavior closely, without requiring active effort from participants. The data col-
lection is completely passive, excluding the participant’s self-reporting on mood,
which is also designed to minimize the strain by making short multiple-choice
questions. Figure 1 shows screenshots of different parts of the Health Telescope
Application.

Data. The Health Telescope application collects a total of six different types of
data: step count, heart rate, sleep, experience sampling, GPS location, and phone
usage. Examples of these data can be seen in Table 1. We employ Experience
Sampling as a tool for participants to self-assess how they are feeling through-
out the week. To capture this, we investigated different constructs, such as well-
being [17], happiness [21], and mood [28]. Out of these options, we chose mood
and happiness. Mood is a construct chosen for its day-to-day variance, displaying
direct effects of events happening in the life of participants. Different ways of eval-
uating mood exist, and one commonly used dichotomy fundamentally separates
this mood into valence (the intrinsic attractiveness or aversiveness of the mood)
and activity/arousal (expressing the calm or exciting nature of the mood) [5].
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Table 1. Summary of data used in the Health Telescope

Data Type Frequency Example

Step Count Every hour, the number
of steps taken during
that hour is measured

14.00–15.00 - 739 steps

Heart rate Heart rate is measured
on one hour intervals

14.00 - 73 bpm

Sleep Data The start and end time
of sleep are measured

February 23: 23:16–07:12

Experience Sampling Up to once per day, we
ask participants brief
questions using push
messages

February 23 14:00:
I generally feel energetic: Yes
I currently feel happy: Com-
pletely agree
I feel good: Mostly agree

GPS Location GPS location is saved
every four hours

14:00: 38.8977N, 77.0365W

Phone Usage We measure screen time
and usage of
applications on
participants’ mobile
phones. Note: We only
measure the duration of
use, and do not in any
way measure what
happens within an
application

Chrome: 14:03–14:04
Facebook: 14:04–14:17
Messages: 14:23–14:25
Mail: 14:25–14:37

Most existing surveys measuring mood in this way consist of 10–30 questions.
Given our setup, it seems infeasible to regularly ask participants this many ques-
tions: participant burden is a large factor of dropout in longitudinal studies and
questionnaires are lengthy. As a result, we directly ask for the underlying con-
structs of the questionnaires: one question asks participants about activity, one
question asks participants about valence. A third question measures happiness
using a three-point smiley face question, with a face for sad, neutral, and happy.

Technical Implementation. The mobile application is a hybrid of a web-
based component and a native android component. The web-based component
is an Ionic/Angular app, which renders the User Interface and also renders the
questionnaires or other documents created by the researchers. The user interface
consists of two major parts; one is a setup guide, for allow participants to log
in and manage their system account, provide necessary permissions for data
collection and pair their wristband with the phone; the other is the main screen
which displays documents available for access, as well as an Inbox screen for
notifications received so far. Notifications are Firebase cloud-messages that can
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consist of a single message body, but can also have documents attached. All
documents in this environment can be any HTML/JavaScript content, which
gives researchers the freedom to serve rich styling and interactions according to
the needs of the study as it develops.

The native android component is tasked with downloading configuration and
content created by the researchers, setting alarms for signal-contingent experi-
ence sampling, receiving Firebase cloud messages, collecting app usage statistics
and location data, and connecting to the wristband via Bluetooth for sampling
step count, activity data, and heart rate. Data is stored in the phone’s SQLite3
database and is only uploaded to the server at opportune moments, as decided
by the android OS’s facilities for managing communications and power con-
sumption. Additionally, Firebase cloud messages are not only notifications to be
presented to the users but also commands to the application itself. This allows
researchers to remotely control functions of the application, such as forcing the
downloading of a new configuration, or the uploading of collected data.

3.2 Authoring Client

The authoring client is designed as a tool for researchers to carry out experi-
ments. It accomplishes this goal by providing a simple interface for researchers
to a) monitor enrolment and participant engagement; b) conduct experiments
by setting up scheduled surveys and alerts; c) communicate to participants. The
authoring client groups allow researchers to set up the following:

Participants. The authoring client allows researchers to monitor participants
in their activity and engagement with the panel. While participant data can
be directly accessed from the database, the authoring client provides a visual
interface tracking data transfer and daily activity. The authoring client provides
control of participant creation and deletion in the database.

Documents. The authoring client allows researchers to design any kind of con-
tent using HTML and JavaScript to create and serve rich styling and interactions
as the study progresses. Specifically for questionnaires though, the application
allows their creation using custom web components, which can be read in the
semantic terms of the questionnaire’s content and computational logic rather
than the syntactic features of their HTML structure. The motivation and method
of the approach for this particular feature can be found in [11]. It provides a live
preview of the documents to prepare (see Fig. 2).

Allocation and Rules. The authoring client allows researchers to assign doc-
uments to (groups of) participants, using rules and allocations. Rules specify
the conditions under which a document should be available for participants, and
allows for researchers to set moments for the phone to trigger. Rules can be
“always available”, or “time-triggered”. We can use the ‘always available’ set-
ting for documents that users will need to have the ability to fill in whenever
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they want, as often as they want (tracking water consumption is an application
for this rule). Time triggered rules, on the other hand, can be used when users
should respond up to once per day. After completion, a document shown with a
time-triggered rule will be hidden until the next day.

Allocations are the glue that holds everything together: an allocation is a
triplet connecting rules specifying a timeframe, to a document that will be
available for a (group of) participants. After an allocation has been created,
participants will be able to see a document in their task list to be filled in, as
well as receiving a system notification that they have a new task available (see
Fig. 4). After completing a task, it disappears from the home screen of the app.

Communication. Furthermore, the authoring app allows researchers to send
cloud messages to participants. Cloud messages are flexible: they can be used to
“silently” contact the phone or can make notifications appear in the participants’
Android notification screen. Cloud messages can contain the following: (i) a
simple message, containing a head and body; (ii) a prompt for the participant
phone to upload its allocation, forcing a new allocation onto the phone; (iii)
a prompt for the phone to sample sensor data (as described in Table 1) to the
server; and (iv) a notification that has a document attached to it. Cloud messages
that contain notifications are stored and available to view for participants in
the Messages tab of the app. In our setup, we use cloud messages to deliver
interventions.

Technical Implementation. The authoring web-application was built using
the Ionic/Angular framework. The interface components that are available in
the authoring client belong to two main categories: lists and editors. Lists cor-
respond to database tables and display the rows for a particular entity, such as
participants, documents, rules, etc. Editors allow the researcher to create new
such entities or edit existing ones, and they are generally custom UI components
that are tailored to the properties of each. Both lists and editors offer options
for accessing other related entities, e.g. a group editor can be opened from a
participant list because a listed participant might belong in that group.

4 Testing the Software: Use Cases

In this section, we will demonstrate the flexibility and ease of use of the described
system, by going over two distinct use cases and displaying step-by-step how
these use cases can be implemented in the system. The use cases are as follows:

– Use case 1 - Questionnaire: Set up a questionnaire that asks every par-
ticipant in the panel three questions daily for the next three months between
11:00 and 20:00.

– Use case 2 - Intervention: Send out a cloud message containing advice to
download an interventional application to participants that walked an average
of less than 7000 steps per day for the last 30 days.
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Fig. 2. Document creation interface. There are several pre-made buttons that create
blocks of HTML code to create multiple-choice questions, create screen sequences,
and more options. We are not limited to these pre-made buttons and could choose to
manually insert other HTML. There is a live preview button, that renders the document
in a separate pane.

4.1 Use Case 1 - Questionnaire

Here we describe how our system can be used to achieve the following steps:

1. Create a document in the authoring client to distribute to participants,
2. Select a group containing participant that will see the document,
3. Create a rule that makes this document appear within a time frame, and
4. Tie everything together by creating an allocation.

Figure 2 shows how a document can be created in the authoring client’s
document creation interface. On account creation, every new participant is added
to the ‘allParticipants’ group, containing the full set of participants, as part of
the information sent from Google Scripts to the database.

Next, we create a rule that determines when the document is visible for
participants. For this use case, we choose the latter, setting up a time-triggered
rule. Here, we set the interval for the document to appear to 11:00–20:00, and
enable the document for every day in the next three months.

After this, we have created the document we want to distribute, have chosen
the time frame during which participants should see it, and have a group of
participants that we would like to show the document to. To tie these three
parts together, we set up the allocation by navigating to the allocation creation
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Fig. 3. Allocation creation interface in the authoring client. Researchers can use this
to select documents to display for (groups of) users given some rule for when to show
the content.

interface in the authoring client. The allocation interface (shown in Fig. 3) allows
us to select the rule, participant, and document, which finalizes the use case.
After taking these steps, every user will receive a notification, every day at
11:00, asking them to fill out a questionnaire.

4.2 Use Case 2 - Intervention

To complete this use case, we need to:

1. create a group of participants that will receive the intervention,
2. create a document containing the intervention, and
3. add the document to a cloud message that will be sent to the group of selected

participants.

Use case 2 requires some work outside of the interface: we want to get to a
point where we’ve identified the group of users that walk an average of fewer
than 7000 steps per day, to feed this to the database. After this, we can create a
cloud message with the advice, to send to this group. The first part of this can be
done in any pre-made script, that connects to the database, selects the activity
data for all participants for the last 30 days, then averages this out. From the
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Fig. 4. Cloud message creation. Here, researchers can send notifications to participant
cellphones, and specify the content for these notifications. There is a live preview of
the notification at the top.

resulting list, select only the participants whose average activity is lower than
7.000 steps. Next, we add the IDs of these users that were insufficiently active to
a group and use the database connection to create a new group in the database,
containing this list of participants.

After these steps, the database contains the group of participants that will
receive the intervention. We use the authoring client to create the cloud message.
Cloud messages are messages appearing in the app’s message box, that can be
read back by users at any time. For this use case, we will attach a document
to the notification, containing the intervention. We create this document in the
same way we created the questionnaire in use case 1. Figure 4 shows how the
message is given a title and body, that will appear to users as a notification, then
add the document by selecting the key-value type openDocument, and selecting
the earlier created message as our document. Then, we select the group that
was created using the pre-made script as the receivers, and finally, we send the
message. With this, the second use case has been completed.
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5 Evaluating the System

Following recommendations for eHealth design in [20], part of the evaluation of
the system before starting the study consisted of several pilot studies, testing
elements of the study. Pilot studies can be used as an effective tool for testing
experimental setups before starting a study or trial [1]. [30] argues that “There is
a need for more discussion amongst researchers of both the process and outcomes
of pilot studies”. In this section, we aim to contribute to this discussion, by
expanding on a short pilot that was conducted as part of the development of
the app. Throughout development, three additional pilots have been held: one
to test the technical functioning on a diverse set on smartphones; one to test
the improved (after feedback from previous pilots) app, focusing mainly on user
experience; and one pilot enrolling medical professionals that will be involved
in recruitment, and were willing to learn more about the study by conducting a
pilot. We aim to show how a small-scale pilot can help detect a wide range of
necessary changes and improvements for a study.

A two-week pilot study was conducted, where participants were subjected
to an accelerated version of the panel experience containing every element that
participants will go through during the study. The goals of the pilot are to
investigate the user experience of partaking in the panel, as well as testing the
technical infrastructure as described in this paper. By testing the setup through
a pilot, the developed software could be used on different phone configurations,
and communication channels and data transfer can be validated. Below, we detail
the design of the pilot, as well as providing a summary of the findings obtained
in interviews that were held with pilot participants.

5.1 Pilot Design

The design for the pilot is as follows:

– Intro survey. Participants complete the introductory survey
– Installation. Participants download and install the application
– Set-up. Participants log into the app, set their data preferences, and set up

the connection to the wearable
– Daily survey. Every morning, the participants receive a notification to fill

in the three-question survey
– Intervention I. After three days, the participants receive a cloud message

containing an app recommendation for an eHealth app
– Intervention II. After ten days, participants that have not installed the

application recommended in Intervention I will receive another cloud message,
containing a recommendation for a different health app.

The pilot concludes with individual, semi-structured interviews with each
participant. During this interview, we have specific points on which we would
like to gather information. Section 5.2 expands on these points.
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Technical Functioning. One of the main objectives of the pilot was to test
the technical functioning of the system. The pilot was held briefly after the
first version of the software was developed, and while the system was tested on
multiple phones during development, the use of Bluetooth, connecting phone
and wearable, can function slightly differently for different phones. It is difficult
to comprehensively test Bluetooth functionality during the development of an
app, as Android Studio’s virtual machine can not utilize Bluetooth. As such,
connectivity and stability testing during development were limited - increasing
the value of a pilot.

There are several specific points that we were interested in seeing during
and after the pilot. The general stability of the software on different phone and
OS configurations; the quality of the data transfer from phone to database; the
functioning of our cloud messages, that should send alerts to users; the content
of the data generated being in the desired format; the connectivity and general
use of the wearable.

Users install the app through a platform called TestFairy. This platform pro-
vides valuable information for testing and developing software, by e.g. providing
crash reports that help isolate technical issues.

User Experience. The other main objective of the pilot was to improve the
user experience, by having a set of participants undertake the same actions that
participants of the study will. While the decreased duration of such an acceler-
ated version of the study may influence the perceived strain of participation, we
believe such an accelerated path can be used to effectively find possible issues in
user experience.

The interviews conducted after the pilot contained questions regarding the
ease of enrolment, the general use of the mobile application, experiences in using
the wearable, perceived strain of participation, privacy, and quality of the infor-
mation provided to participants.

5.2 Pilot Results

This section describes the results of the pilot. We begin by describing the partic-
ipant set, and split our findings up in two parts: first the technical functioning of
the software, which had just finished the first cycle of development; secondly the
user experience of participating in the study. We summarize the findings from
the interviews and include relevant participant quotes.

Respondents. Recruitment for the pilot happened through one of the largest
health-insurance companies in the Netherlands, respondents were all employ-
ees of this company. Seven respondents expressed interest in participating in
the pilot. Two participants were unable to join due to not having an Android
phone. One respondent changed his/her mind and did not participate in the
pilot. The final pilot group consisted of four participants, aged 34 on average
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(SD = 6.76). All participants were male. The pilot took place in Tilburg, Noord-
Brabant, the Netherlands. Participants were given the information letter and
informed consent form before participation, as well as a letter explaining the
process of the pilot. These documents can be found at https://health-telescope.
com/documents/. Participants all used Android phones and were given a Xiaomi
MiBand 2.

Technical Functioning. The findings from the pilot and interviews are sum-
marized below:

– Stability of software. On the first day of the pilot, two participants reported
being unable to open the ESM questionnaires in the app. This issue got
resolved within the next day, and participants were able to open the app,
connect to the database, and respond to daily questionnaires. One participant
noted that they were unable to open a questionnaire from their phone’s home
screen, but manually opening the app would make the questionnaire show up
in his task list. This issue did not exist for the other participants.

– Data transfer. All of the data came into the database as expected: for each
participant, activity, phone usage, and GPS data are periodically sent from
the phone to the database.

– Cloud messages and documents. The cloud message functionality of the
app showed clear issues: Intervention I was received by three out of four
participants. Out of these three participants, two were unable to open the
message. Intervention II was not received by any participant. One participant
reported a measured step count of over 20.000 steps per day on average. This
is likely a result of a malfunctioning wearable.

– Wearable. Participants reported that the wearables mostly functioned prop-
erly: there was one participant whose wearable reported abnormally high step
counts, possibly caused by some malfunction in the band. Aside from this
issue, the bands stayed connected and reported activity hourly.

User Experience. Participants noted that the introduction questionnaire that
is asked on the website might be confusing, as it was written in English (as
opposed to the native language of participants, Dutch). Participants noted that
the questionnaire contains personal questions, but understood the significance of
the questions asked. Excluding the technical issues that users experienced on the
first day of the pilot, participants found the app easy in use. Three out of four
participants found the wording used within the app clear and understandable.
Participants thought the app UI was functional, but not visually attractive:

“I normally use a different wearable and am fairly spoiled with the app’s
dashboards. Because of that, I don’t think this app is particularly attrac-
tive”.

Participants noted the visualization of the heart rate in the app’s home screen is
nice, but they hoped to see more: distance metrics, a visualization of their ques-
tionnaire responses, sleep analysis, and heart rate graphs were all suggested.

https://health-telescope.com/documents/
https://health-telescope.com/documents/
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Participants found the effort of answering a survey every day to not be a prob-
lem, which they stated was because the questionnaires were very short and mul-
tiple choice. One participant pointed out that two years of answering the same
daily questions could bore participants, and suggested changing the questions
we asked periodically. Participants found the setup process to be well explained,
but reported not knowing what to do after completing the setup, and trying to
find actions that they were supposed to perform in the app:

“After the setup, I wanted to get more active, but I couldn’t find any tips
or activities in the app.”

When asked if it is realistic to expect panel members to participate for two years,
the pilot participants responded positively.

6 Discussion

This section of the paper discusses the changes made based on the pilot, as well as
listing related work that inspired us. Furthermore, we provide a list of guidelines
that we believe are important to consider during development of longitudinal
studies using electronic devices.

6.1 Lessons Taken from Pilot

The feedback received from the pilot allowed us to make the following changes
to the system:

Technical Functioning. The pilot showed us important technical issues that
needed to be worked out before starting the study. In the weeks following the
pilot, various technical improvements were made that ultimately led to stability
on, as far as we know, every Android phone version 7.0 and up. The pilot showed
that the configuration of data gathering and the transfer was correctly set up.
The issues concerning the allocation of cloud messages to different phones were
traced down and resolved after the pilot. Lastly, one of the take-aways from the
pilot is that while generally the wearable functions just fine, some wearables that
we distribute may malfunction. It is imperative to detect this and replace the
wearable. To allow for this, we now include a specific point on malfunctioning
wearables and replacement in the participant briefing of the study. Participants
can contact us if the wearable reports incorrect step counts, breaks, or gets lost,
to have the wearable replaced.

User Experience. Participants indicated that the amount of effort that partici-
pation took was reasonable, and could be done on a longer-term. One participant
described it as following:
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“The effort needed to participate is not too high. I think it’s reasonable
to expect people to participate for longer periods. Also, if I were to enroll
in a university study, there’d be some motivating aspect of contributing to
science that helps me stay engaged”.

After the pilot, we made significant changes to allow for easier understanding
of the setup process: texts were clarified and made simpler; and more emphasis
was put on the voluntary nature of the introduction survey, to ensure participants
are aware they do not need to fill in every question. The pilot also allowed us
to proceed with the planned rewards for participation: participants can earn
their wearable over time, and we will host guest lectures relevant to the general
understanding of eHealth that participants will be able to follow. Feedback from
the pilot showed that participants did not fully comprehend the intended purpose
for the app: despite information material outlining the interventional apps that
are supplied during the study, some participants were under the impression that
the Health Telescope app would provide them health advice. After hearing this,
we have made significant changes to the briefing, putting more emphasis on
the functions of the mobile application and communicating that the eHealth
apps recommended during the study are what is being tested. Additionally, the
introductory texts that guide participants through the setup now include at
multiple points that there are no immediate actions for users after finalizing the
setup.

6.2 Related Work

Here, we would like to highlight related research that guided us in this work. As
mentioned before, the TEMPEST architecture, which contributed to the Health
Telescope system, is described in [12], and the Health Telescope protocol is found
at [26].

There exists a large amount of work on tracking physical activity. Before
mobile phones became widely spread, these studies often had participants report
on their physical activity [16,29]. These studies however often utilize self-
reporting and surveys to measure activity/BMI. A possibly more reliable alter-
native used in longitudinal studies is to actively test their participants’ physical
condition periodically through exercise tests [18].

The rise of wearable technology may be able to provide researchers with a
very direct way to measure activity. Usability and acceptability studies have been
done on a wide range of participants and features [13,23,27], which can inform
researchers when a target audience or outcome variable is chosen. Research ana-
lyzing the attrition rate of wearable use [2,8] should be considered in the design
process. Additionally, research investigating the accuracy and reliability of data
created by wearable devices [6,10] can help choose an appropriate device for
a study, given the important trade-off in features, comfort, and accuracy for
different features.

Wearables can be utilized in studies investigating physical activity in several
ways: the reported activity can be used as an outcome variable [3,19]; notifi-
cations received on a wearable can be used to motivate participants [32], and
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there is a wide range of studies investigating individual wearables and their
effect [25,31,33]. Regarding study design using wearables for physical activity,
we advise researchers to use the informative design recommendations in [20].
Additionally, researchers should look into how wearables and their accompany-
ing apps incorporate behavior change [22].

In designing the database and data sharing policies, we drew inspiration
from various longitudinal Dutch studies, that we note here for their data sharing
policies: the Lifelines cohort study [4] is a large-scale longitudinal study following
the physical activity and weight in non-obese people. The Longitudinal Internet
Study for the Social Sciences (LISS) panel [9] is a longitudinal study sampling
the Dutch population and conducting periodical surveys and experiments. These
studies may be interesting for researchers looking for longitudinal datasets.

6.3 Design Guidelines

As part of our findings, we would like to present a set of design guidelines, based
on the experiences of developing this technical infrastructure:

Design and Implementation of Infrastructure

– When designing the technical infrastructure of a project, researchers should
choose to measure data that is appropriate for the study objectives. As an
example, for research regarding activity, step count is generally more accurate
and reliable than heart rate, especially at higher intensity activity.

– It is important to consider the details on how data should be collected, trans-
mitted and saved. We recommend regularly gathering the desired data, and
periodically, encryptedly transmitting this data to a secure database.

– We recommend careful investigation of factors both in user experience such
as comfort and battery life, as well as research done on the accuracy and
reliability of the data generated by the instruments (e.g. wearable) considered.

– We strongly encourage researchers to consider privacy and participant rights
while designing the study, to ensure the infrastructure is set up in a GDPR-
proof manner. As an example, it is necessary for the system to allow for
individual participant data excerpts, and full deletion of data belonging to
individuals. These rights should be considered in the design.

– Design the setup process of a study or app in a way that informs participants
of the purpose of the app, and actions they should take. As an example, we
discovered through feedback that users were confused on their next actions
after the initial setup, and considerably changed the information provided to
users during this setup to inform them of the possible actions within the app.

– When implementing software of this sort, it is important, besides data col-
lection, to collect data on how the client application functions, e.g., when a
cloudmessage was received, when something was downloaded from the server,
etc. This information can be helpful for isolating technical issues (e.g., if data
is missing, is it because the application is not capturing that particular source
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of data, or is the device perhaps turned off?). There are ways in which par-
ticipants use their phones which can account for what data gets collected,
which are not necessarily obvious from looking at the data of the experiment
itself. The Health Telescope app does record such events into a part of the
database that is separate from the data itself.

– Minimizing strain is important in long-term studies. Attrition rate is tradi-
tionally high in these studies, and efforts should be made to engage users,
make participation simple, and clearly communicate expectations to users.

Testing

– We believe it is beneficial to set measurable, concrete goals for the system
functionalities. We worked with specific, detailed use cases, that proved of
great help in streamlining our repeated testing process by isolating technical
issues.

– We recommend to test the software on multiple phones of different models
and Android distributions during development. The stability of software often
varies for different phones, in factors such as accessing specific data types,
setting alarms, Bluetooth functionalities, etc.

– Bluetooth is commonly used in wearable studies. This further emphasizes the
need to test the software on multiple phones, as it is not possible to test
Bluetooth connection for different Android distributions through Android
Studio’s virtual machines.

Evaluating

– We emphasize the importance of feedback: try to involve feedback from as
many people as possible in the development process. This can be colleagues, or
potential participants, depending on the goal of the interaction. Pilot studies
are an effective way of involving different individuals to gather feedback, and
test the software on multiple devices.

– When designing a pilot study, think carefully of the things you hope to take
away from it, and use this information in your design: Should the technical
stability be tested? Include as many phones as possible, and set up the pilot
to include these technical interactions, or stresstest the system. Should the
pilot test the burden of participating? Focus on ways to capturing the user
experience, by closely monitoring their actions and giving them opportunities
to provide feedback.

– We advise to use systems such as TestFairy that track bugs and technical
issues during testing. These systems can be used to quickly identify the spe-
cific issue when a technical problem occurs.

6.4 Conclusion

In this paper, we presented the development process of the system designed
for data collection during the Health Telescope study. By detailing the steps in
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development, we aim to contribute to longitudinal research using smartphones
and wearables. We gave a detailed look at the system architecture, and showed
how it can be used to accomplish the study interventions. We displayed the
role that pilot studies can play in the development of a system and showed the
changes made following this pilot.

We concluded the paper by providing a list of guidelines for researchers,
that we hope aid researchers interested in setting up longitudinal studies using
electronic tools in developing their study designs and technical infrastructure. In
doing so, we aim to show the value of sharing important lessons from developing
work like ours. We encourage colleagues to share their work, to contribute to
lowering the complexities in setting up longitudinal studies.
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