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The Experience Sampling Method (ESM) is a popular research method found in many fields to gather rich
insights into participants’ thoughts, emotions, and daily routines near the moment they happen. During
the last decade, many technologically advanced ESM tools emerged that combine manually entered self-
reports with automatically collected data from device sensors. In fact, it became difficult to keep track of
them. We compiled a survey of ESM and its tools addressing technological capabilities for developers,
study design opportunities for study administrators, and answering usability for study participants. It
comprises data from 30 systems, applications, and toolkits, which are used for ESM studies. We present
our results on the current state of the art from these main user perspectives, list general shortcomings, and
give recommendations for future ESM tools.
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1 INTRODUCTION

The Experience Sampling Method (ESM) triggers study participants multiple times during one
or more days to report their momentary personal circumstances and subjective experiences
[30]. Dedicated ESM tools allow study administrators to specify the timing of the triggering, and
support study participants in answering the respective questions [19]. With the advent of
personal digital assistants and smartphones, tools shifted from an analogue approach
(employing beepers, paper, and pencil) to digital solutions [11]. Early digital systems relied on
users answering questions about their current situation and emotions. Later systems captured
quantitative data from the smartphone’s built-in sensors [22]. Context-aware experience
sampling tools use these sensor data to (1) infer participants’ momentary context (e.g., inferring
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their current location and mode of locomotion), and to (2) present specific question items
accordingly (e.g., asking for current personal stress levels right after a telephone call was
received and answered) [35; 36].

The main advantage of the ESM method is that it reduces response distortion. Response
distortion happens when in empirical studies, participants alter their responses consciously or
unconsciously, typically when being asked after and outside of specific circumstances [41].
Additionally, sensor data helps to validate and contextualise the participants’ answers, and
allow for a more advanced question logic which is better tailored to the participant’s current
context [39].

The main disadvantage of the ESM method is the increased participant burden caused by the
many potential notifications participants receive throughout a day to fill in questionnaires,
which can lead to stress and even drop out of the study [73].

The application of ESM as a longitudinal research method in the field suits many scientific
disciplines that investigate varying parameters of a person’s daily life and require ecological
validity (e.g., human-computer interaction, psychology, medical science, social science) [39; 64;
66; 67].

There is an excellent body of knowledge on the ESM method and its tools. Several surveys
have addressed general properties, advancements, and challenges of systems and tools for ESM
[21; 60; 73]. Other publications have investigated the use of ESM method from a researcher’s
perspective [29; 62], and the effects of ESM method on participants [43; 76]. However, to the
best of our knowledge, there is no comprehensive and integrated review of available ESM tools
and their use.

1.1 Goal

Our survey sets out to provide a detailed review of current mobile ESM solutions addressing
developers, study administrators, and study participants. According to the editors of last year’s
EICS 2022 conference— Kris Luyten, Philippe Palanque, Aaron Quigley, and Marco Winckler—
the EICS ‘community was the first to organise a scientific gathering to foster and exchange
research ideas and contributions on how to engineer the effective interactive aspects of a
computing system.” [46, p. 1]. They also point out that ‘work presented at EICS covers all stages
of the engineering life-cycle of interactive systems’ [46, p. 2]. From our perspective, properly
engineering an ESM tool requires to address the whole life cycle—particularly in the design and
development phase which typically involves the developers, in the deployment and
configuration phase which typically involves the ESM researchers, up to the phase of
maintenance and actual use in the field by end-users. The editorial of EICS 2011 goes in the
same direction and emphasises that ‘building interactive systems is a multifaceted and
challenging activity, involving a plethora of different actors and roles’ [23, p. 2]. We compiled a
technical overview of commonly supported feature sets of ESM tools and the possibilities and
challenges for developers, study administrators, and study participants.

1.2 Method

This survey comprises both free and commercial tools found in scientific literature, peer
suggestions, and online search; the latter source was mainly used to identify commercial tools.
It integrates our findings with existing literature reviews [e.g., 60; 62; 73]. Specifically—inspired
by the ‘The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews’
[58]—we did the following:
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We consulted the scientific libraries Web of Science [12], IEEE Xplore [33], ACM Digital
Library [1], and Google Scholar [26]

We used the search terms “experience sampling method”, “ecological momentary
assessment”, “ambulatory assessment”, and “in situ participatory sensing” and combined them
with “tool”, “application”, and “system”

We concluded a list of 30 systems, applications, and toolkits that were used for ESM studies

or in general in an in-situ self-reported or participatory-sensed context

1.3 Contribution

Summarising, in this paper, we make the following main contributions:

1. From a developer’s perspective, we provide an overview of the fundamental underlying
system architectures, programming paradigms, and technologies ESM tools are based
upon and discuss their strength and weaknesses

2. From a study administrator’s perspective, we collected and categorised important ESM
concepts and properties and to what extend they are supported by ESM tools

3. From a participant’s perspective, we present how ESM tools employ facilities to improve
usability, user experience to counteract participant burden and enable privacy protection
mechanisms

4. And most importantly: we provide those three parts in an integrated manner, since from
our experience the interests and requirements of those three groups typically strongly
overlap and all need to be considered when it comes to requirements and requirements
engineering of ESM tools

1.4 Structure of this Review

Section 2 covers the technical underpinnings of ESM tools. Here, ESM tool developers that are
new to this field gain a detailed overview of best practices, real-world implementations and
their specific strength and weaknesses. Relevant concepts and features for conducting ESM
research are presented in Section 3. It aims to support study administrators in their decision
process in what tool to choose for a given study design. Section 4 addresses how these tools
support participants in ongoing studies. In Section 5 we provide ideas for future systems by first
discussing the current shortcomings of ESM tools. Based on these findings, we then derive
recommendations and guidelines for future systems. In Section 6 we finally conclude our review
and discuss the limitations of our work.

2 RELATED WORK

Great reviews on the design, implementation, and use of ESM tools have been published—they
address technical aspects, configuration aspects, and use aspects.

e Technical aspects. Van Bekel et al. [74] analysed 13 ESM tools with respect to their
technical features for sensor logging, triggering of questionnaires, branching, availability
for operating systems, and configuration capabilities. Pejovic et al. [59] reviewed 12 ESM
tools and their technical properties such as the platform they are running on, survey
support, and context sensing capabilities. Fischer [21] had a very early and concise
review of ESM tools and gave some design recommendations such as ‘think client-server’
and ‘design for authoring’.

e Configuration aspects. Rough and Quigley [62] contrasted empirical data on the use of
ESM tools by study administrators with the capabilities of 11 ESM tools. They came up
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with insightful design recommendations—particularly with respect to end-user
development options for study administrators. Harari et al. [29] provide a great
collection of smartphone sensors to automatically collect behavioural data in psychology
and discuss parameters for sensing studies from a study administrators’ perspective (e.g.,
study duration, sampling rate).

e Use aspects. Wenz et al. [76] looked at ESM tool functionality from an end-users—that is,
study participants’—perspective. In particular, they investigated to impact of
personalised feedback during the study on the participants and their positive reactions.
Lawes [43] examined the effect of different modes of contacting study participants on
their participation in ESM studies.

e Combining aspects. Some work has brought together different perspectives, but not for
ESM. At EICS, Hall et al. [28] analysed adaptivity in ubiquitous computing software from
the perspective of the developer, the user, and the evaluator. Also at EICS, Batalas and
Markopoulos [7] considered requirements for researchers, for participants, and for
developers, as input to build their data collection tool.

We benefited from the perspectives and criteria of those reviews and beyond. Nevertheless,

to the best of our knowledge, there is no comprehensive and integrated review of available ESM
tools and their use from multiple perspectives.

3 ESM TOOLS FROM A DEVELPER’S PERSPECTIVE

This section provides tool developers with the technological state-of-the-art. We aim to provide
programmers with an understanding of the state-of-the-art ecosystem of modern ESM tools,
including their intricacies and relevant technological factors commonly found in this domain.
We argue that a fundamental understanding of the technical underpinnings of these software
systems is required to better gauge what current and future software systems are capable of
achieving in this space, and also what limitation are imposed by these architectures. This can be
valuable (1) when deciding to build new systems from scratch as it provides guides and patterns
on how to build them; and (2) when current systems that have to be adjusted or extended with
new functionalities. We combined dimensions from the related work above (cf. technical
aspects) with dimensions that emerged as relevant from our own work on ESM tools. We used
the following six dimensions in our technical analysis: open source access; programming
technologies; software architecture; data exchange formats; client platforms; and background
processes.

3.1 Open Source Access

More than half of the tools had an open source licence, and most tools with freely available
source code on GitHub [49]. This makes code inspection convenient, as whole repositories
(including branches, histories, and bug-trackers) can be viewed in the browser without having
to download the sources beforehand.

3.2 Programming Technologies

Software systems rarely resemble monolithic structures that are built from scratch every time
anew. They are comprised of many individual modules and components, which often
incorporate other utility software components or libraries (e.g., third-party libraries for data
transmission or dedicated data storage solutions) to help achieve the overarching goal of the
system in an orchestrated way.
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Programming Languages
ESM tools are built upon a broad spectrum of programming languages: they range from
(statically) typed languages (e.g., Java, Swift, or C#) mainly used for native client and server
software development, to interpreted solutions (e.g., PHP, Python, or JavaScript) mainly used for
server-side software or hybrid client-side approaches with multi-platform support.

Based on these findings, it is apparent that developers should be familiar with at least one set
of programming languages that are used for native client development and also one server-side
language for central authoring and data storage purposes.

Third-Party Libraries

ESM tools are often based on or integrate third-party toolkits or libraries that handle various
tasks, like providing support for sophisticated statistical functionalities [57], enabling cross-
platform development [25], simplifying event processing [16], integration of scripting languages
[52], easing the process of building server-based web applications [13], providing modular
survey functionalities and work flows [3], or helping with integration and processing of device
sensor data [42].

These findings show that many of the typical tasks in this domain can be handed over to pre-
built software components, which may drastically reduce the development times and efforts
needed when this has to be done from scratch. An additional benefit is that these external
components were usually tested and evaluated in other real-world scenarios, which may further
improve the software reliability and correctness of the ESM solution.

Data Storage Solutions
All ESM tools provide a dedicated data storage solution. On the server side, relational
(enterprise) data management solutions (e.g., MS SQL Server, Dynamo DB, or MySQL) were
used and sometimes document-based databases like MongoDB. On the client side, the most
employed storage solution for persisting user data was SQLite, as it is supported by both
Android and iOS, and is even available in modern web browsers. SQL Server 2005 Mobile
Edition (SQL Mobile) was also used by one ESM tool [22].

These results show that ESM tools follow standard general practices by delegating data
persistence to dedicated software components, which can be queried by standardised APIs and
data query languages (i.e. SQL).

3.3 Software Architecture

Software architectures are fundamental to software design principles that permeate all areas of a
software system [69]. Here, developers have to make a careful decision about which
architectural style to choose for both the data-collecting clients and also for the overall ESM
software solution [21]. As modern ESM solutions typically involve at least one dedicated client
application to capture participant data and often also an external service for convenient study
configuration and data storage, it is crucial for developers to gain insight into both the overall
system architecture of all integrated parts of the ESM service and the architecture of the client
software itself.

System Architecture
Most ESM tools have a client-server system architecture, where the client is an app running on
a mobile device (Android or iOS smartphone). The central server is a computer used (1) as a
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centralised data repository for managing and deploying ESM studies via a dedicated graphical
user interface (GUI), and (2) as central data storage for study results that are sent back by the
clients. Only one of the reviewed tools requires a permanent online connection, as it relies on
third-party online questionnaires for participant prompting [31].

The advantages of the client-server model are that studies can be remotely deployed onto the
participants’ mobile devices, so that they can be monitored in real time, and that study results
can be remotely collected without requiring participants to send in their devices.

The disadvantages are increased configuration and maintenance efforts, and costs of
additional services hosted on remote machine mostly in the cloud with the risk of security and
privacy issues and violations, when storing personal data remotely on such machines, especially
if they are self-hosted and not provided by a certified commercial supplier.

Additionally, some ESM tools facilitate hybrid models supporting both architectural styles
[22; 32]. Here, study administrators are flexible and can decide for each study, which approach
they want to follow (e.g., trading convenience features for privacy measures, if highly personal
data is to be collected).

Overall, the client-server model has been and still is the preferred architectural style of ESM
tools [21]. This also implies that ESM system developers should be familiar with distributed
system architectures and their concepts; and especially with the main properties and issues that
are inherent to this architecture, like the need for secure data transmission and consistent data
storage in an asynchronous data processing environment.

Client Architecture

Most mobile clients build upon platform-specific SDKs and programming languages such as
Java or Swift with native compiler support. The main advantage is that developers can leverage
the device’s hardware (e.g., gain access to the device’s hardware and software sensors and
require less main memory and battery power). The downside is that programmers need to know
platform specifics (APIs, SDKs, configuration, and programming languages) and client
applications are implemented separately for each platform, because binaries cannot be shared.

In order to alleviate this issue, web technologies support cross-platform clients. Here, user
interface (UI) elements are implemented by using Hyper Text Markup Language (HTML) and
Cascading Style Sheets (CSS), and the domain logic is written in JavaScript. The client
application is run and rendered in a web browser window (behaving like a native application),
or embedded in a native web container, which behaves like a sandboxed web browser without
the encompassing chrome. This web container is thinly wrapped by a native application layer,
which might also provide an additional JavaScript-to-native bridge, to access device sensors
from within the browser’s sandboxed execution environment. The main advantage of this
approach is that multiple client platforms can be targeted with only one code base, theoretically
simplifying the development and maintenance part of such applications. Another advantage is
that core ESM logic can be dynamically updated at any time, since it is interpreted by the web
container (i.e., browser) and does not require static re-compilation, deployment, and application
approval processes.

On the other hand, the downsides are that programmers also have to be proficient in web
technologies, besides knowing the native platform APIs, especially if sensors have to be
accessed. These web-based applications require more runtime resources, which leads to
increased battery consumption. And due to their interpreted and dynamic nature, these
applications may also respond not as quickly to user input [6], when compared to true native

PACM on Human-Computer Interaction, Vol. 7, No. EICS, Article 182, Publication date: June 2023.



The Experience Sampling Method and its Tools 182:7

solutions, which can hamper usability, especially in the context of ESM, where user prompts
should be answered quickly and effortlessly, without requiring much attention from the
participant.

The third approach is to use a dedicated cross-platform development toolkit (e.g., Xamarin, or
Flutter), which allows for a unified development process and promises to achieve native
application performance [25; 50]. The main advantages of this approach— compared to the web
container approach—are native performance (and minimal battery impact), native look and feel,
and direct sensor access. The downside is that the client application has to be recompiled, if
there were fundamental changes in domain logic, and thus entailing a separate deployment and
application approval process.

Most open-source solutions follow an event-driven architecture, using either native events
provided by the platform runtime, or the browser’s event system, if they use a web-container-
like approach. This is sometimes accompanied by unifying input sources as data collectors,
where user input acquired from prompts and passively collected data from sensors are treated
equally—here the participant is just another human sensor [18]. Combined with the afore-
mentioned event-driven client architecture this allows for a flexible and extensible approach,
where additional custom sensors or prompt types can be added via plugins, using the same
abstract interface as a basis. This part of the system is usually modelled after a general Observer
Pattern, notifying subscribed observers only if the state of an input element or that of a sensor
has changed [24]. This also enables both pull and push configurations from the perspective of
the observer (i.e., the entity being interested in data changes of the respective input sources),
which significantly reduces dependencies between software modules.

3.4 Data Exchange Formats

Data exchange over an external channel (network layer, or serial bus) is an integral part of these
systems. Data consist of a detailed configuration of a study with all its parameters (e.g., start
and end times), triggers used, questionnaires and sensor types typically authored on a central
server component and then distributed to the client devices. Even client-only solutions often
require configuration files that need to be transferred to the client device (usually via USB-link)
before a study can be run [9; 22; 32].

Here, the most common exchange format is JSON, followed by some instances of XML, and
two custom file formats [9; 32].

Overall, most of the solutions opt for a text-based, human-readable open format, for which
there is a plethora of support in most modern programming languages, boosting cross-
programming-language integration. Disadvantages of text-based exchange formats typically
involve less efficient data transmission, since the ratio of payload vs. metadata overhead is
suboptimal when compared to more densely packed binary formats, like for example, Google
Protocol Buffers [27].

3.5 Client Platforms

Most of the analysed ESM tools feature a dedicated Android client, with some also additionally
supporting i0S devices. Hybrid approaches can also be found—using either web containers (and
native bridges) or dedicated cross-platform development toolkits that reduce the necessary
effort in programming specific features twice [68]. There are two solutions that only support
iOS [15; 32] and one tool that runs on the deprecated Windows Mobile platform [22].

To enable context-aware experience sampling studies, hardware and software sensors on
mobile phones can be accessed via native APIs provided by the respective operating system
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providers and maintainers (i.e., Google and Apple). Unfortunately, in multi-platform scenarios
where devices are not restricted to one specific platform and hardware manufacturer, only a
tiny subset of all available sensors can be used for context capture.

A drawback is that the two platforms—Android, and iOS—use different programming
languages, SDKs, application architectures, and runtimes. These structural and conceptual
incompatibilities require major code rewrites and refactoring. This problem can be approached
by hybrid development frameworks like PhoneGap/Apache Cordova [2], which employ web
technologies (HTML5, CSS, JavaScript) to facilitate a unified development experience. Newer
approaches like Flutter [25] use system-level technology, a dedicated programming language
(i.e., Dart), and an application framework, which compiles to native code for both platforms
simultaneously.

3.6 Background Processes

ESM-tools developers also face the problem that platform-specific APIs—especially those
required for background processing and sensor access—quickly evolve between operating
system (OS) releases, also leading to incompatibilities within the same platform environment.
For example, new privacy features and battery-saving measures on Android led to many
applications breaking or being rendered completely useless for an ESM scenario [20]. This leads
to additional effort for developers of having to maintain and update these tools for new OS
releases constantly. Some tried to remedy this issue by providing dedicated locked-down, study-
administrator-owned devices, including a pre-configured and locked OS that cannot be further
updated or altered by participants [47].

Overall, ESM tools on smartphones rely on the proper functioning of the ESM app running as
a background process over an extended period of time in which users typically want and need
to use other applications in the foreground from time to time. Yet, proper engineering of
background processes is becoming increasingly complex, since battery saving features have
become part of smartphone firmware. Online collections and forums [e.g., 72] have emerged
that bring together information on different smartphone hardware types and their operating
systems and firmware and how they deal with background processes. The Google Doze mode
that has been available since Android version 6 is often not properly implemented by the
different vendors. Currently, Samsung, OnePlus, Huawei, and Xiaomi are the top three scorers
in making background process developers' life hard [e.g., 72].

3.7 Summary

Many tools are open-source and present a valuable resource for developers, as they offer
valuable insights, including source-code-level documentation with detailed implementations,
guides, and best practices. Table 1 in Appendix A.1 gives an overview of the technical aspects of
the reviewed ESM tools.

There are no clear trends in programming technologies, except for native client development,
where the respective proprietary software development technologies are used (i.e., Java on
Android, and Swift with Objective-C on iOS).

The most common architectural style is a client-server approach combined with native
clients. Hybrid client approaches are not common in this domain, although advertised as user-
friendly time savers in the development process [2; 25; 50].

Configuration data is typically encoded using a textual format. Most supported formats are
JSON and XML, with some tools using a custom text-based data format.
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The most supported client platform is Android, followed by iOS (and one tool using the
deprecated Windows Mobile platform).

From a developers’ perspective, ESM tools often resemble modern client-server stacks,
consisting of a central data repository and dedicated mobile clients, with web technologies and
standards for communication (e.g., REST, HTTP and JSON).

4 ESM TOOLS FROM A STUDY ADMINISTRATOR’S PERSPECTIVE

This section focuses on the fundamental properties inherent to the method of experience
sampling and how they are supported by current ESM tools. Here also we combined dimensions
from the related work above (cf. configuration aspects) with dimensions that emerged as
relevant from our own work on ESM tools. We, therefore, focus on probe types, trigger types,
and study authoring facilities.

4.1 Probe Types

Probes can be split into: user probes that actively ask participants to fill in data (also called
prompts, questions, or items); and sensor probes that passively capture sensor data in the
background.

User Probes
The most common user probe types are: text, radio, checkbox, Likert scale, slider, photo and
video, audio, and affect grid.

User probe types that were supported by all tools are single choice (radio), multiple choice
(checkbox), free text (text input), and display text (no user input). Sometimes single and
multiple-choice options are paired with an optional free text input, called ‘other’ option.
Unsurprisingly, these probe types are common input types that have been available since the
early days of GUIs.

Most tools also supported slider/range inputs, Likert/scale inputs, audio/voice input,
image/photo input, date/time input fields, and (geo-)location pickers. Here, slider/range-type
and Likert/scale-type prompts are most represented. A clear separation between those types
was not always feasible because some tools intermingled discrete scales (Likert) and continuous
scales (range/slider). Both input types provide an upper and lower limit. Likert scales
incorporate discrete answer options (usually five or seven) and typically ask for participant
agreement. Multimedia input is also widely supported by most ESM tools, as well as inputs for
temporal and spatial data (i.e., date and time inputs and location pickers).

Few ESM tools feature video input, file input/upload, rating (stars/pictorial) scales, ranking
(ordering), (affect) grid input, table/matrix input, annotate/highlight/mark image, or a URL
widget. This is surprising for two-dimensional-selection prompts (affect grids), which were
declared to be one of the most important types for ESM [73], but were only featured by three
tools [32; 40; 47].

Rare user probe types supported by at most one tool are amount-of-time input,
acknowledge/confirm, captcha verification prompt, colour picker, combination choice slider,
constant sum, draw widget, drill down widget, heart rate widget, heat map, hot spot, meta-
information question, percentage and percentage fill input, pick, group, and rank widget,
photographic effect meter, quick answer, self-assessment manikin widget, screen capture, side-
by-side widget, signature input, timing input, working memory task widget.
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Sensor Probes

Sensor probes play an essential role in collecting contextual data and inferring concepts such as
the current activity (e.g., sitting, running), environment (e.g., work, home), or availability (e.g.,
in a meeting, answering a phone call). Sensor probes can be beneficial for end users, because (1)
they reduce participant burden, since relevant information can be inferred automatically
without requiring active participants’ input; (2) they help validate self-reported participant data
as a second objective input source; and (3) they facilitate event-contingent notifications and
thus allow specific questions regarding the participant’s current situation.

Due to the increasing importance of protecting users’ privacy and the reduction of battery
drain caused by excessively querying sensor data, systems have more and more limitations for
capturing data. This may explain the lack of sensor probe support by commercial ESM tools,
which typically only support location information—provided by the Global Positioning System
(GPS) sensor—with an option to integrate more sensors after further consultation or offering
custom-built sensor devices [51]. Providing specific devices for sensor data is offered by one
non-commercial tool [47]. The tool provides its own pre-configured, pre-tuned, and locked
Android smartphones.

Sensor probes are hardware- or software-based. The most supported hardware-based sensor
was GPS-based location. Even modern browsers are granting access to a device’s current
location via Geolocation API [75]. Common software-based sensors are application usage and
statistics (start and stop, installation), system/device status and statistics (phone on and off, a
user interacting, display on and off), call/SMS (incoming and outgoing, logs), and calendar
access.

4.2 Trigger Types

Three types of triggers initiate reminders (usually auditive and visual system notifications) for
participants to fill in data: interval trigger, signal trigger, and event trigger. Most widely
supported is the interval trigger, which is executed on a fixed schedule (e.g., every evening at
20:00h). Signal-contingent triggers fire randomly within a pre-defined interval—typically with 8-
10 intervals with 1 prompt each per day [73]. Additionally, a timespan can be specified until the
next signal is allowed (e.g., 15 minutes after the last signal). Event-contingent triggers are not as
widely supported. These events are provided by hardware and software sensors inferring
context and higher concepts or initiated by the participants themselves before or after a study
relevant event has taken place.

4.3 Study Authoring Facilities

Study authoring facilities can be grouped into features aiding in study design, study
management, and data management.

To help study administrators in the study design phase: GUIs support designing forms and
configuring triggers, form preview and test mode, prompt order randomisation, answer option
randomisation (single and multiple-choice types), question libraries, and study schedule editors.

The most common features provide a GUI for creating forms and triggers, including drag &
drop functionalities for quick question reordering. One system [61] also offers several validation
and ‘expert’ review features for created forms, offering concrete suggestions for improvement.

Randomisation support for both prompt order and answer option order (for choice-type
prompts) can be helpful to break up established or learned answering routines, and thus
increase data quality for longitudinal studies.
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Question libraries are rarely supported. Pre-built forms (including standardised scales) can
help study administrators to get studies up and running quickly. The same holds for a graphical
schedule editor (e.g., in calendar format), where researchers can plan studies ahead of time in a
visual and more familiar manner than just entering start and end times in plain input fields.

Supporting study administrators in managing ongoing studies is also essential. This is
facilitated by live study statistics and insights (dashboards), team management (groups, rights,
and roles), discussion boards and collaboration features, participant group randomisation, and
dedicated participant contact channels.

For an understanding of the state of ongoing studies, many client-server-based tools provide
a statistical overview of key metrics (dashboards), like the number of prompts sent and missed
or participant completion rate and compliance. Sometimes these statistical overviews can also
be directly shared with participants [40].

Managing rights and roles of co-administrators is a crucial task supported by some tools, as
well as providing collaboration features (e.g., like discussion boards, artefact linking facilities).
There are features geared towards managing participants, like automatically and randomly
selecting participants to (pre-defined) groups and a dedicated feedback channel to quickly
contact enrolled participants via chat or email.

After a study ends, participant data is collected, cleaned, and statistically evaluated. To ease
this process, ESM tools provide automatic data transfer facilities from clients to a central
repository (on client-server architectures), Comma Separated Values (CSV) exports, and
dedicated data management and data browsing facilities. The collection of study results is
simplified, where data is automatically (or manually triggered by the participant) transferred to
a central data repository, from which it can further be processed and exported, without
requiring the devices to being sent in first and then physically connecting to each of them via
cable to get the data off the device. All tools support exports in CSV format. Although some
tools also provide simple statistical functionality within the application itself, sophisticated data
analysis is expected to be done within dedicated statistic applications. Some ESM tools provide
built-in scripts and functionalities to use these statistical tools within the ESM application itself
[4] or scripts for simplifying the export process [8].

Data cleaning within the ESM tool is rarely supported; we only found Teamscope [70] to
provide a dedicated GUI-based query manager for resolving data inconsistencies.

4.4 Summary

Most ESM tools help study administrators in setting up and running ESM studies with a
plethora of dedicated functionalities and convenience features. There are dedicated tools that
provide a range of sensor types, and come with many domain-specific question types. The
largest set of functionalities is provided by commercial ESM solutions, which typically also
come with extensive end-user documentation and video tutorials, further assisting even less-
technical-versed study administrators in running sophisticated study designs.

Table 2 in Appendix A.2 provides details on study-administrator-related aspects of the tools
we reviewed.

5 ESM TOOLS FROM A PARTICIPANT’S PERSPECTIVE

We used the following two major dimensions in our analysis: usability and user experience, and
privacy.
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5.1 Usability and User Experience

Usability is concerned with the effectiveness, efficiency, and the satisfaction a computer systems
provides for a specific user in a given context to achieve certain goals [37]. The facilities in this
category have been collected from a plethora of single papers that typically identified one or
more of those features (cf. subsection on Method above). They include offline-usage modes,
customisable study start and end times, questionnaire preview and test modes, support channel
and helpdesk facilities, participant-initiated events, comparison of own responses vs. baseline
response, provision of study results and insights after study ended, list of available studies and
self-registration, customisation of notification modality (auditive, visual, tactile modes), and
mute or snooze buttons.

The most commonly supported feature is dedicated offline modes, with additional options to
manually or automatically sync to a cloud-based central repository (on client-server
architectures). This simplifies the process, because participants do not worry about network
coverage, especially in-door or in rural areas. It can also reduce data plan costs by only syncing
data if a Wi-Fi connection is available, which usually has no transfer fees or quota attached to it.
It can also increase the battery life of the device, thus requiring fewer recharge cycles during the
course of a study.

To support customisation, some tools allow participants to override pre-planned sampling
start and end times to better fit the schedule to participants’ daily routines.

To provide upfront insights on what will be asked during the study, some tools allow
preview modes of the study questionnaires. This may increase familiarity with the tool and
question types, and thus further reduce fear of use.

Many tools offered a dedicated help channel to offer quick support, further inducing trust
between participants and study administrators.

To increase the participants’ motivation, some ESM tools support in-app statistics, where
participant responses are scored and compared against baseline scores of other participants; or
they simply provide an overview and summary of given responses.

Some ESM tools provide further insights and study outcomes, after a study has concluded.
This may positively affect participants to recruit them for future studies, for which some tools
also provide easy follow-up sign up functionalities.

Although most devices allow to set the modality of notification system-wide, one tool [47]
explicitly allowed participants to specify if they want to get notified by vibration or sound.

Lastly, dedicated mute and snooze buttons are offered by few ESM tools. They are used to
delay answering of questionnaires and to quickly stop device notifications altogether [32; 71].
This is helpful in situation where interactions with the client device are socially inappropriate or
disturbing for participants to do (e.g., private meetings, public car rides, or emergency
situations). They are also required in situations where the participants cannot and should not
use a mobile device (e.g., while driving a car).

5.2 Privacy

Privacy issues of ESM systems have already been discussed in its early days [36], with many
regional laws regulating and constraining the collection of personal data (e.g., the General Data
Protection Regulation (GDPR) by the European Union [17]).

Privacy measures can be actively controlled by participants within the application itself, or
automatically enabled by the ESM tool. Actively controllable features include a stop-data-
collection button, transparency upon registration (e.g., a list of all data-collecting sensors), an
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in-app overview of all collected data, and several private modes. Some ESM tools already
provide means to stop all automatic data collection processes [8; 45]: prompts are not displayed
anymore and the collection of sensor data is shut down for the time being.

Another privacy-related function is to provide a list of all data-collecting sensors upon study
registration, with the option for participants to opt out of specific sensor types (e.g., GPS
tracking) for the rest of the study.

An in-app overview of all on-device captured data is sometimes provided, increasing data
transparency for participants, which may enforce trust in this study and tool. Being transparent
about data use is one of the most sought-after and highly valued features for users in this
domain [45].

Following the concept of private modes found in many modern web browsers, some tools
provide functionality for participants in the context of ESM: they do not track any personal
identifiers while this mode is active and simultaneously dilute spatial and temporal resolutions
of collected sensor data.

System-wide privacy features that cannot be directly controlled by participants are
cryptographic hashing of personal identifiers, on-device encryption of all data, automatic data
degradation (omission, randomisation, rounding); and system certifications and privacy-related
guarantees. The most common facilities are one-way cryptographic hashes to encrypt personal
data, or using on-device encryption mechanisms (usually provided by the client platform) for all
collected data sets. This applies to a client-server architecture, where participant data is first
encrypted and stored on the device before it is transmitted to a cloud-based repository.

Some ESM tools provide study administrators with automatic anonymisation mechanisms,
like omitting data fields, random anchoring of time entries, or rounding numeric values,
adjusting sensor polling rates, and thus decreasing temporal and spatial precision of data
readings [4; 77].

Lastly, commercial ESM solutions are often advertised as meeting strong privacy and data
safety guarantees, by being officially audited and certified by third-party organisations.
Examples of such certificates are Health Insurance Portability and Accountability Act (HIPAA)
Compliance, GDPR Compliance, Food and Drug Administration (FDA) Compliance, or ISO
27001 Compliance. Unfortunately, such certifications are not found in open-source tools. They
sometimes list certified software components, i.e., cloud-based data stores like Amazon AWS or
DynamoDB [54; 77], but of course, this does not automatically guarantee data safety for the
entire ESM tool and all its components.

5.3 Summary

Most ESM tools supported offline use, which cuts down the costs of mobile data plans and
alleviates participants from the burden of constantly checking their connectivity. Further
positive findings are tools, which provide dedicated help channels. Here, participants could
quickly get in touch with study administrators and many user-controlled customisation options,
to better adapt to a participant’s current context and likings, which also agrees with common
usability best practices for interactive systems [53]. Further details on participant-related
aspects of ESM tools can be found in Table 3 in Appendix A.3.

Only seven ESM tools provided system-wide privacy certifications and guarantees out-of-
the-box (most of them being commercial solutions). However, many tools employed at least on-
device encryption and pseudonymisation methods, provided up-front transparency on which
sensors are being used on the device, and included the option to disable unwanted sensor types
or to completely shut off data collection altogether.
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6 LESSONS LEARNED FOR FUTURE ESM TOOLS

We cover general issues relevant for all stakeholders, as well as dedicated issues found for tool
developers, study administrators, and participants.

General issues are missing support to share ESM studies between tools; tools supporting only
one platform (i.e., Android); and tools that lack error mitigation and error reporting facilities.

The most crucial issue is that ESM studies—including protocols, forms, triggers, schedule, and
sensor configuration—cannot be shared amongst EMS tools. This general lack of interoperability
significantly complicates study replication, because study protocols need to be recreated each
time anew, whenever a group of ESM researchers has no access to the tool, the tool is no longer
available and maintained, or does not support the targeted client platform (version).

Regarding platform support, most ESM tools did not target both popular mobile platforms
(i.e., Android and iOS). The lack of cross-platform support may lead to selection bias when
conducting experience sampling on participants own devices, systematically excluding certain
user groups a priori.

From a study administrator’s perspective, another issue is a lack of remote insights into the
cause of missing data. Sources of these nonresponses could be participants not answering in
inconvenient circumstances or due to increasing response fatigue [10; 65]; or technical issues
caused by hardware and software malfunctioning (e.g., devices running out of battery) . To
tackle this problem, some tools provide debug modes or log files that can be inspected after the
results were transferred back to the study administrator, including time stamps, but these do
usually not include runtime errors (including important stack traces of the program itself). To
our knowledge, there is only one tool that features sophisticated error analytics support [55].
Not knowing what actually caused an error may also negatively affect the user experience.

Other issues relevant for study administrators are that many open source tools have poor or
only technical documentation or require technical expertise; most tools lack question and form
libraries; and missing support for study pilot (test) modes.

Many of the free and open-source ESM solutions require tech-savvy study administrators to
set up and run. Many open source tools require study administrators to use command line tools,
version control systems, and directly edit source code files.

Building questionnaires from scratch can be tedious—having a question library with pre-
configured items or even domain-specific questionnaires for later reuse can be helpful for study
administrators. Unfortunately, only one tool [61] featured a dedicated question library.

For study administrators, doing pilot tests of a study on an actual device can be helpful in
uncovering layout-related and protocol-related issues in advance—especially, if prompts are
triggered conditionally based on previous answers or sensor readings. Pilot tests need to be
exported to participants’ devices (including debug start times and conditions), or to be manually
started. This can be a laborious process and could be alleviated by providing preview modes
directly within the questionnaire-design UL Unfortunately, preview modes for questionnaires
are not common amongst ESM tools.

From a participant’s perspective, the most prominent shortcomings of ESM tools are: (1) lack of
multi-language support, (2) non-skippable prompts, and (3) non-customisable font sizes. Many
ESM tools do not allow participants to switch languages. Non-skippable prompts may lead to
increased participant burden and may finally result in more incomplete data, as participants do
not complete questionnaires, or only conveniently. Some study designs might require
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mandatory prompts participants have to answer (especially on screening and intake forms), but
this should not be the default. Prompts should be easy to answer and should be dismissible if
inconvenient in the current context.

Font size plays the most important role, besides contrast and font style. Unfortunately, only
some tools allow participants to change the font size of prompts, which should be a default
feature for all user elements on mobile devices, as they can starkly vary in screen size and
resolution.

From the perspective of an ESM tool developer, who wants to use, integrate, or extend open
source solutions, the following issues were found: (1) use of inconsistent terminology, (2) use of
many fundamental differing programming technologies, (3) lack of complete documentation,
and (4) lack of established standards for developing ESM tools.

The main issue with open source tools is their inconsistent terminology with regard to
concepts of ESM. Here, classes, object, or entities have vastly differing names although they
essentially represent the same concept or even worse, slightly related or unrelated concepts,
which further increases confusion among developers trying to understand, port, or extend
functionality.

Also, open-source ESM tools use fundamental differing programming technologies, which
makes porting and extending parts of these systems difficult for programmers that are not
familiar with all technologies involved.

Another obstacle for tool developers is missing or incomplete documentation. They are often
forced to dig deep into code to understand how APIs are supposed to work, with only
superficial user documentation and minimal hands-on examples. This entails additional effort
and time developers have to invest in these tools.

For tool developers, this all cumulates to the general problem, that there appear to be no
established standards or guidelines on how to build state-of-the-art ESM applications. From our
current point of view, many tools leave the impression that they were built from scratch
without integrating best practices or lessons learned from other existing ESM tools, giving them
a more one-shot prototype character than a well-thought-out system built to last for several
years.

Future ESM tools should also address the lack of interoperability. To our knowledge, there is
only one tool that specifically addresses this issue [4]. Regardless of personal preferences and
monetary means, everybody in this research community would greatly benefit from easy-
shareable research designs. The importance of consistently reporting study metrics has also
been stressed [73], which makes replication more feasible and promotes good scientific
practices.

7 CONCLUSIONS

In this review, we looked into state-of-the-art ESM tools focusing on the perspective of the
three stakeholders: tool developers, study administrators, and participants. We provided
detailed overviews and discussions of important aspects from each point of view, listed current
shortcomings and provided ideas for future ESM systems.

We see the relevancy of ESM tools and particularly looking at those tools from a developer’s,
a reseacher’s, and a user’s perspective in multiple ways, as pointed out in the related work.
Furthermore, ESM tools have been successfully used in the domain of engineering interactive
systems and so we hope that this paper not only informs EICS researchers interested in
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development aspects, but also interested in using ESM tools as researchers to capture
information in-situ.

Our work is limited by the fact that we did not consider all available tools that can be found
in the wild (but we opted to include a balanced ratio of free vs paid solutions). A further
limitation of our findings can be attributed to pay walls of commercial ESM tools: we had no
access to source code files and thus had to rely on public statements made by companies on
what their systems are built on. Thus, we had to rely on statements and illustrations found in
related academic papers. In general, we also did not pay for any of the 30 analysed ESM tools,
but we tried to register for free (demo) accounts and used freely available documentation and
(video) tutorials.
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A APPENDIX

A.1 Technical Overview of ESM Tools

Table 1: Overview of the technical aspects of the reviewed 30 tools that facilitate ESM study designs

[
Architect o0 Z
o = 5 E
S g5 5 S i
5 g 5 =
g 52 . 2. e
< o -
Tool s S 5 . s £ :
Name s £& & 5 8 & S
AWARE [20] v PHP, MySQL, client-server native JSON Android, i0S
Vert.X, Flutter
Enketo [14] VoS, Node.js, client-server web JSON, XML Android, i0S
Redis
ESMAC [5] v Java client-server native XML Android
ESm Capture [15] ? client-server native ? i0S
ExperienceSampler v ]S, Apache client-server native (web) JSON Android, i0S
[71] Cordova
Formr [4] 4 PHP, JS, R client-server web JSON Android, i0S
Funf [8] v Python, Java, client-server native JSON, Android
SQLite binary
iDialogPad [32] v Objective-C client-only, native Custom i0S
client-server
Jeeves [63] V' Java, Firebase, client-server native JSON Android
MongoDB
LifeData [44] ? client-server native ? Android, i0S
mEma [34] ? client-server native ? Android, i0S
MetricWire [48] ? client-server native ? Android, i0S
MobileQ [47] ? client-server native ? Android
movisensXS [51] ? client-server native ? Android
MyExperience [22] v C#, NET, SQL  client-only, native XML Windows Mobile
CE client-server
ODK [56] v Java client-server native XML Android
ODK-X [55] v Java,JS client-server native (web) XML Android
Ohmage [68] v Java, client-server native (web) JSON, XML Android, i0S
PhoneGap,
MySQL
Paco [18] v Java, client-server native JSON Android, i0S
Objective-C,
AppEngine,
GWT
PartS [45] ? client-server native JSON Android
Piel Survey [9] ? client-only native Custom Android, i10S
Purple Robot [38] v’ JS, Scheme, client-server native (web) JSON Android
Java, Python
? client-server native, web ? Android, i0S

Qualtrics [61]
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5
Architecture o &
o @ g £
5] = > "S =
5= E & A =
Tool 3 57 £ - 5 =
o : Bf g 8 g g 5
Q. = =
Name o && & o a8 & o
ResearchKit [26] v Objective-C, client-only native - ioS
Swift
Sema3 [40] ? client-server native ? Android, i0S
Sensus [77] v C#, Xamarin, client-server native JSON Android, i0S
Amazon AWS,
R
Survalytics [54] v' Java, Amazon client-server native JSON Android
DynamoDB
SurveySignal [31] ? client-server web ? Android, i0S
Teamscope [70] ? client-server native ? Android, i0S
TEMPEST [6] IS client-server native (web) JSON Android, Web

A.2 Overview of ESM Tools for Study Administrators

Table 2: Overview of study-administrator-related aspects of 30 tools that facilitate ESM study designs

Probe Types Study Authoring Facilities
s 2
= <
Tool — é Trigger = § %
Name % (})s Types QSD E E Additional Features & Concepts
AWARE Single choice, Location, interv., v v" Focus on minimal battery impact,
[20] Multiple choice, Free  Accelero- signal, Concept of Sensors and Plugins (aka
text, Likert (scale), meter, event Services, also study specific ones),
Quick answer, Magneto- Plugins collect and analyse sensor
Photographic Effect meter, data, Aware-Light Android
Meter, URL Link, Photometer, application with passive sensor data
Date & time, Picture, Barometer, collection
Audio, Video Microphone,
Camera,
Battery,
Bluetooth,
Network,
Application
usage, Calls/
message,
Email,
Calendar,

Gesture input
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Probe Types Study Authoring Facilities
g,
Tool = § Trigger & § §
Name % § Types g E __21 Additional Features & Concepts
Enketo Single choice, - signal ? Uses ODK XForms (external form
[14] Multiple choice, Free builder tool available)
text, Likert, Slider,
Date & time,
Ranking, Rating
(Stars),
Graphic/Map, Image,
Table, Geo Location,
Draw/Signature,
Annotate Image,
Audio, Video,
Acknowledge/
Confirm
ESMAC Single choice, Location, interv., v Drag & drop question editor
[5] Multiple choice, Free ~ Ambient signal,
text, Likert, Slider light, event
Bluetooth,
Accelero-
meter, Call
log,
Notifications,
User activity,
Weather,
Display state
ESm Single choice, Location interv., v Focus on ESM
Capture Multiple choice, Free signal,
[15] text, Likert, Slider event
Experienc Single choice, - interv., Focus on ESM and non-technical
eSampler Multiple choice, Free signal, users
[71] text, Likert, Slider event
Formr [4] Single choice, - interv., v Concept of Runs (study protocols)
Multiple choice, Free signal

Likert, Slider,
Date & time, Image

text,

choice, Colour,

Rating, Geo location
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Tool
Name

Probe Types

User

Trigger

Sensor

Types

Study Authoring Facilities

GUI Editor

Preview

Live Stats

Additional Features & Concepts

Funf [8]

Location, interv.,

Accelero- signal,
meter, event
Magneto-
meter,
Photometer,
Barometer,
Microphone,
Camera,
Battery,
Bluetooth,
Network,
Gyroscope,
Temperature,
Pressure,
Proximity,
Gravity,
Telephony,
Browser
bookmarks &
searches,
(Running)
Applications,
Screen,
Rotation,
Orientation,
Contacts,
Study
Notifications,
Call/SMS log

Web-based
Android application generator (funf

Dropbox integration,

in a box), Concept of Pipeline (set of
probes)

iDialogPa
d[32]

Single choice,
Multiple choice, Free
text, Likert, Slider,
Affect Grid, Self-
Assessment

Manikin, Working-
Memory Task,
Image, Audio

Location interv.,
signal,

event

Concept of a study as a computer
program, Uses a proprietary script
file (.qdf) for study configuration,
Many pre-defined domain-specific
question types, External study editor
for .qdf files
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Probe Types Study Authoring Facilities
g,
Tool = § Trigger & § §
Name % § Types g E __21 Additional Features & Concepts
Jeeves Single choice, Location, interv., v v" Block-based visual construction of
[63] Multiple choice, Free  Accelero- signal, studies, Custom patient ‘attributes’
text, Likert, Slider, meter, event (global state variables), Concept of
Geo location, Date & Ambient End-User Development (EUD)
time, Audio, Heart light,
Rate, Image Gyroscope,
Bluetooth,
Microphone,
Network
LifeData Single choice, Location interv., ¥ v v Multi-language support, Delayed
[44] Multiple choice, Free signal, follow-up questions (via trigger),
text, Likert, Slider, event Yoking (linking dyads)
Date & time,
Amount of time,
Rating, Image/Photo,
URL
mEma Single choice, Location, interv., v o2 v" Question randomisation support,
[34] Multiple choice, Free  Photometer, signal, Participant ~ group  assignment,
text, Likert, Slider, ~Microphone, event Dynamic  baseline  scoring &
Date & time, Image, Proximity, branching, GARMIN device support
Table, Geo location, Motion,
Audio, Video Humidity,
Barometer,
(claim to
track all
available
sensors)
MetricWir  Single choice, Location, interv., o2 v" Focus on ESM, Study protocols can
e [48] Multiple choice, Free ~ Geofencing signal, adapt to  previous individual
text, Likert, Slider, event behaviours
Date & time, Geo
location, Percentage,
Percentage fill,
Ranking, Image,
Audio, Video
MobileQ Single choice, - interv., vV v' Roles: project manager, field
[47] Multiple choice, Free signal operator, Surveys configured in tree-
text, Likert, Slider, structure, Drag & drop question
Grid editor
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Probe Types Study Authoring Facilities
s 2
= <
Tool = g Trigger Ej § 8{3
Name % J,:-’ Types 8 ;’3 5 Additional Features & Concepts
movisens Single choice, (still in beta) interv., o2 V" Specifically targets ESM research,
XS [51] Multiple choice, Free  Location, signal, Extensive documentation, List of
text, Likert, Slider, Accelero- event supported devices, Multi-language
Date & time, Geo meter, support, Provides custom devices for
location Network ESM studies
(traffic),
Battery,
Display,
Phone/SMS
(meta-data),
Bluetooth
MyExperi Single choice, Location, interv., ? Concept of Sensors, Triggers, and
ence [22] Multiple choice, Free  Bluetooth, signal, Actions, Sensor state changes are
text, Video, Audio, Network, event logged; can be used by triggers
Photo Microphone, Sensors can conditionally be started
Phone calls, and stopped
Application
usage,
Calendar
ODK [56] Single choice, - interv., Toolkit
Multiple choice, Free signal
text, Likert, Slider,
Date & time, Audio,
Images, Binary files
ODK-X Single choice, Location interv., Toolkit, Detailed error analytics
[55] Multiple choice, Free signal
text, Likert, Slider,
Date & time, Audio,
Images, Binary files
Ohmage Single choice, Location, interv.,, v V" Concept of Campaign, Survey and
[68] Multiple choice, Free  Accelero- signal, Prompt, Concept of Class and
text, Audio, Video, meter, event Participants, Modular tool
Image, Binary file Network, architecture (separate tools for
Microphone, specific use cases), Built for (passive)
Camera, participatory data sensing
Call/message
logs, System
usage
Paco [18] Single choice, Device details interv.,, vV v’ Easy Google sign-in process,
Multiple choice, Free  (Android), signal, Concept of Experiments (studies),
text, Likert, Geo Application event Concept of Triggers and Actions,
location, Rating  usage, User Concept of Inputs and Surveys,
(smiley), Audio, present, Concept of Data Collectors (survey
Photo Phone on/off & sensor), Custom scripting support

(JavaScript)
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Probe Types Study Authoring Facilities
g,
Tool = § Trigger & § §
Name % § Types g E __21 Additional Features & Concepts
PartS [45] Single choice, Location, interv., v v" News section (published to all
Multiple choice, Free  Network, signal, participants), Participant mail box,
text Bluetooth, event Collaboration features (comments
Screen, and linking of visualisations),
Battery, Discussion boards, In-app
Device participant-administrator chat,
details, Allows combined events for triggers
Running
applications
Piel Single choice, - interv., v Uses proprietary text file (Control
Survey [9]  Multiple choice, Free signal File) for study protocol configuration
text, Slider
Purple - Accelero- interv.,
Robot [38] meter, signal,
Battery, event
Bluetooth,
Gyroscope,
Light,
Magneto-
meter,
Pressure,
Proximity,
Network, Call
state,
Application
metrics,
Running
applications,
Screen,
Device details
Qualtrics Single choice, - interv., v v V' Survey validation/review features
[61] Multiple choice, Free signal (with 'expert' help), Multi-language

text, Likert, Slider,
Ranking order, File
Upload, Side by Side,
Constant Sum, Hot
Spot, Graphic Slider,
Pick-Group-and-
Rank, Heat
Drill Down,
Highlight/Mark,
Captcha
Meta-
Question,

Map,

Signature,
Verification,
Info
Screen Capture,

Timing

support, Drag & drop question
editor, Question & choice
randomisation, Survey  preview

mode (mobile view), Comprehensive

question library, Theming

support/library, Automatic reports

PACM on Human-Computer Interaction, Vol. 7, No. EICS, Article 182, Publication date: June 2023.



The Experience Sampling Method and its Tools

182:27

Probe Types Study Authoring Facilities
g 2
= <
Tool = § Trigger Ej § ?{3
Name % J,:-’ Types 8 ;’3 5 Additional Features & Concepts
ResearchK  Single choice, Location, interv., v' Toolkit Concept of Surveys,
it [26] Multiple choice, Free  Accelero- signal, Consents, and Tasks, Multi-language
text, Likert, Slider, meter, event support, HealthKit integration, Many
Date & time, Geo Gyroscope, pre-defined medical Active Tasks
location, Email Microphone, (Stroop, range of motion, tapping
Multi-Touch speed, etc.)
display
Sema3 Single choice, -(?) interv, ¥v° v' v Visualisations can be shared with
[40] Multiple choice, Free signal participants
text, Slider, Grid,
Combination-choice
slider
Sensus Single choice, Location, interv., v v Focus on non-technical users,
[77] Multiple choice, Free  Accelero- signal, Concept of Mobile Crowd Sensing
text, Slider, Audio meter, event (MCS), Combines survey editor and
Compass, runtime in one application, Concept
Network, of Sensing Plans, Studies are
Microphone, distributed via email or URL, Support
Barometer, for 'RCTs' (random assignment of
Battery, protocols upon start)
Photometer,
Call/
messages
Survalytic  Single choice, Location, interv., Forms can be created in Google
s [54] Multiple choice, Free  Application signal, Sheets (via custom script)
text, Slider metrics event
SurveySig  (uses external - interv., ? v Signals via SMS or WhatsApp
nal [31] questionnaires) signal messages with link to survey,
Compatibility screening test option,
Participant randomisation support
(RCT)

Teamscop  Single choice, Location interv.,, v ? V" Query manager for resolving data
e [70] Multiple choice, Free signal, inconsistencies, Team management
text, Date & time, event (groups, rights & roles)

Image, Geo location
TEMPEST  Single choice, Location interv., vV Study protocol modelled as a
[6] Multiple choice, Free signal, computer program, Uses concept of
text, Slider event widgets & screens, Widgets/triggers

can be used for calculations, End-
user programming
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A.3 Overview of ESM Tools for Study Participants

Table 3: Overview of participant-related aspects of 30 tools that facilitate ESM study designs

Usability & UX

Privacy

Q
£ £
= :
Tool £ =
= k=
Name Special Features 3 Special Features 3
AWARE [20] Invitation via QR-code or link v' User control of active sensors,
One-way  hashing of  personal
identifiers
Enketo [14] v
ESMAC [5] v
ESm Capture [15] v
ExperienceSampler [71]  Snooze button (delay answering of v
questionnaires)
Formr [4] Unlinking of surveys (random order
results),
Hiding of results,
No storage of user ids or dates,
Minimum  number of  answers
requirement,
Funf [8] v Stop data collection button,
All sensor data stored on phone,
Export must be manually triggered by
participant,
All data locally encrypted
iDialogPad [32] Sleep button to suspend all v
surveys
Jeeves [63] Chat messaging systems with Vv
study administrators
LifeData [44] See  own  response rates ¥ Anonymous mode, v
(monitoring) HIPAA & GDPR compliant
mEma [34] Participants can initiate sampling ¥~ Audio recordings stay on local device v
events and get deleted after being processed,
HIPAA compliant
MetricWire [48] v v
MobileQ [47] Demo mode, v
Customise start & end times,
Customise notification modality
(vibration and sound)
movisensXS [51] v Server hosted in EU (Germany), v
ISO 27001 certificate,
All data collected via pseudonyms
v

MyExperience [22]
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Usability & UX Privacy
Q
£ £
= :
Tool £ =
= k=
Name Special Features 3 Special Features 3
ODK [56] v
ODK-X [55] v
Ohmage [68] Comparison of own data with v
baseline,
Self-registration support for public
studies
Paco [18] v
PartS [45] Participant chat and mailbox with v~ Suspend data capturing button,
administrators, In-app overview of all accessed
News section (published to all sensors before enrolment,
participants), Exclusion  of  situational-specific
In-app overview of available services  (sensor  readings) by
studies, participant
In-app overview of all on-device
captured data
Piel Survey [9] v" GDPR compliant, v
Complete control over data transfer
process
Purple Robot [38] v
Qualtrics [61] V' IS0 27001 certification v
ResearchKit [26] v
Sema3 [40] Visualisation of own responses v
Sensus [77] Invitation via email or link V' In-app overview of all accessed
sensors before enrolment,
Anonymisation  control:  latitude,
longitude, device id, timestamp (set by
administrator),
Field omission, hashing, random-
anchoring of time,
rounding/truncating,
Customisable data polling rate (set by
administrator)
Survalytics [54] v Back end data store (Amazon) is
HIPAA & PII compliant
SurveySignal [31] Invitation via SMS or WhatsApp
link
Teamscope [70] V' HIPAA, GDPR, GCP compliant v
v

TEMPEST [6]
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