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Abstract
Background: Symptom checker apps (SCAs) are accessible tools that provide early symptom assessment for users. The ethical,
legal, and social implications of SCAs and their impact on the patient-physician relationship, the health care providers, and the
health care system have sparsely been examined. This study protocol describes an approach to investigate the possible impacts
and implications of SCAs on different levels of health care provision. It considers the perspectives of the users, nonusers, general
practitioners (GPs), and health care experts.
Objective: We aim to assess a comprehensive overview of the use of SCAs and address problematic issues, if any. The primary
outcomes of this study are empirically informed multi-perspective recommendations for different stakeholders on the ethical,
legal, and social implications of SCAs.
Methods: Quantitative and qualitative methods will be used in several overlapping and interconnected study phases. In study
phase 1, a comprehensive literature review will be conducted to assess the ethical, legal, social, and systemic impacts of SCAs.
Study phase 2 comprises a survey that will be analyzed with a logistic regression. It aims to assess the user degree of SCAs in
Germany as well as the predictors for SCA usage. Study phase 3 will investigate self-observational diaries and user interviews,
which will be analyzed as integrated cases to assess user perspectives, usage pattern, and arising problems. Study phase 4 will
comprise GP interviews to assess their experiences, perspectives, self-image, and concepts and will be analyzed with the basic
procedure by Kruse. Moreover, interviews with health care experts will be conducted in study phase 3 and will be analyzed by
using the reflexive thematical analysis approach of Braun and Clark.
Results: Study phase 1 will be completed in November 2021. We expect the results of study phase 2 in December 2021 and
February 2022. In study phase 3, interviews are currently being conducted. The final study endpoint will be in February 2023.
Conclusions: The possible ethical, legal, social, and systemic impacts of a widespread use of SCAs that affect stakeholders and
stakeholder groups on different levels of health care will be identified. The proposed methodological approach provides a
multifaceted and diverse empirical basis for a broad discussion on these implications.
Trial Registration: German Clinical Trials Register (DRKS) DRKS00022465; https://tinyurl.com/yx53er67
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Introduction
Background
The number of health-related software in consumer and
research-oriented apps is increasing rapidly. Symptom Checker
Apps (SCAs) are one example for health-related software that
could have a major impact on health systems on all levels. SCAs
process medical symptoms that users enter by applying
algorithms and databases with medical information [1]. Based
on these symptoms, SCAs generate a list of probable causes
and suggest medical follow-up actions (eg, wait at home, see a
doctor, go to the emergency room). The Google Play Store
already lists 249 apps (retrieved on March 24, 2021) for the key
words “symptom checker” [2]. Some SCA manufacturers
advertise that they have implemented artificial intelligence
[1,3,4] and big data as the basis of their apps. For example, as
described by Richens et al [5], the SCA “Babylon” uses a causal
machine learning approach based on a Bayesian approach
combined with counterfactual inference. The presented
algorithm achieved expert clinical accuracy for a test set of
clinical vignettes [1]. It, however, remains unclear how well it
performs in real-life situations. Although there have already
been strong claims from ethical research that emphasize the
significance of criteria such as transparency, trustworthiness,
agency, and responsibility for artificial intelligence–driven
decision support systems such as SCAs [6-8], not all
manufacturers using artificial intelligence consider these criteria,
and it is mainly untransparent how user data are processed and
algorithms are trained.
The regulation of SCAs varies in different countries. In some
countries, SCAs are effectively unregulated (eg, Australia [9]);
in others, SCAs are regulated but with a period of “enforcement
discretion” without active regulatory (eg, US Food and Drug
Administration [10]). In the European Union, there is a transition
between regulation through manufacturer “Declaration” of
conformity to legislation toward a model of regulator audit of
compliance with standards, including the formal reporting and
evaluation of specified forms of clinical data and surveillance
trends [11].
Symptom checkers are low-threshold tools that can be accessed
with a suitable electronic device with internet access such as a
smartphone and are available as apps or as browser versions.
Users must be able to interact with technical devices and to
interpret the SCA’s output to utilize them properly. This could
lead to a disadvantage of specific population groups, for
example, older adults, people with disabilities [12], or people
with limited economic resources [13]. Some SCAs exclude
specific user groups for symptom analysis, for example,
pregnant women, children, older adults, and patients with
specific comorbidities [14].
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A recent study by Aboueid et al [15] investigated the intention
to use symptom checkers for self-triage and revealed 5 profiles
by using a latent class analysis: tech acceptors, tech rejectors,
skeptics, unsure acceptors, and tech seekers. Tech seekers, which
were described as participants who have positive perspectives
related to SCA functionality and artificial intelligence but do
not perceive to have access to the technology, showed the
highest odds to use SCAs. However, the sample investigated
only students aged between 18 and 34 years [15].
Although some users found that SCAs are useful tools for
self-diagnosis and even reported positive health effects [16],
other users had problems providing and interpreting concrete
information on symptom time patterns or severity [17].
SCAs recommend actions and probable causes for the entered
symptoms through their output if the output is incongruent with
the users’ experience or if expectation discrepancies arise [18]
and may initiate unnecessary health care–seeking behavior [19].
In terms of their medical value and validity, commercially
available SCAs still have problems with accurate triage
(determining a user’s medical condition based on their input
and recommending the optimal health-related actions for the
user). Several studies showed that SCAs often suggested
risk-averse action recommendations [20-22]. SCA diagnostic
and triage accuracy is still limited and was even less reliable in
nonurgent scenarios, which are common in primary care [20,23].
A recently published study compared the performance of SCAs
(n=8) with the performance of telephone consultation with the
general practitioner (GP) (n=7) by using case vignettes (n=100).
GPs outperformed SCAs on all assessed outcomes (accuracy,
condition suggestion, appropriateness, and safety of urgency
advice). The comparison was limited to telephone consultations
and did not comprise direct patient-physician contact. Another
recent study compared the performance of SCAs to that of
medical laypersons using clinical vignettes and found that most
laypersons outperformed the majority of SCAs, even though
SCAs detected emergency cases more reliably than the
laypersons [23].
In high-performing health care systems, inaccurate triage can
cause preventable costs and increase the risk of unnecessary
procedures that could lead to avoidable risks for patient’s safety
[3,24]. However, in structurally weak regions with restricted
access to medical care, SCAs can provide a first-line assessment
that otherwise would not be available [25].
In summary, the potential risks of the use of SCAs (exclusion
of users, stress, and induction of health-seeking behavior)
contrast the advertised opportunities of SCAs such as patient
empowerment and better health care for underserved regions.
There is a substantial gap in the literature concerning the effect
of SCAs on different health care systems, different levels of
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health care (microlevel, mesolevel, and macrolevel [26]) within
these systems, and the system’s different participants (users,
nonusers, and health care providers). If SCAs become more
widely used, their ethical, legal, social, and systemic impacts
on these levels and participants must be better understood
despite complex interactions and methodological challenges.
In this study, we aim to clarify the ethical, legal, social, and
systemic impacts of SCAs on users, nonusers, GPs, the primary
health care systems, and their work by means of an independent,
empirical, integrated multi-perspective, and multidisciplinary
discussion.

Objectives
Owing to the lack of systematic research of SCAs in primary
health care, the recent study uses an explorative
hypothesis-generating approach in which the abovementioned
discussion is informed by 4 foci of interest and the study aims,
as stated in the following section.

Focus 1: Ethical, Legal, and Social Issues of SCA Use
We aim to identify the ethical, social, and legal subjects in the
recent scientific literature on SCAs (eg, usage linked to
inequities in health care, patient autonomy, modification of role
concepts and agency).

Focus 2: SCA Epidemiology, Users, Nonusers, and
Predictors of Use
Our results will contribute to describing the user group and
nonuser group of SCAs in more detail. The degree of use of
SCAs in Germany will be derived, and predictors for SCA use
will be identified. Moreover, vulnerable groups that might be
disadvantaged through the implementation of SCAs will be
described.

Focus 3: Patterns and Impact of SCA Use and the User
Level
As a goal for the users’ perspective, a comprehensive description
of SCA use will be derived. This will comprise the assessment
of requirements that are fulfilled or unfulfilled by SCA use.
Additionally, we aim to identify the possible risks associated
with SCA use and assess how users handle SCA information
and action recommendations. SCA effects on user agency, health
and eHealth literacy, well-being, and self-care will also be
observed.
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Focus 4: Impact of SCA Use on Health Care Systems
and Health Care Workers
We will specially focus on considering the impact of SCAs
from a health system perspective by assessing the following:
changes in the patient-physician relationship, strategies of
handling preinformed patients, changes in the role concept of
physicians and requirements of GP, as well as potential
psychosocial risks and demands and perceived work stress
resulting from these changes.

Methods
Study Design
This study’s areas of focus and corresponding study phases will
be conducted by multidisciplinary partners from the areas of
social medicine, ethics and medical history, legal studies, general
practice, sociology, occupational health medicine, and health
services research. We will investigate SCAs that offer self-triage
and action recommendations for medical laypersons. The project
partners will co-develop study materials, subsequently discuss
results, and conduct method workshops throughout the 3 years.
During the final study year, a series of workshops will include
participants of the preceding study parts. This workshop series
during the final year is led by a social scientist with
comprehensive experience of working in cross-disciplinary
research and holding method workshops. The workshops will
also serve as internal quality control and monitoring. An
advisory board is continually informed about the progress and
the results of the study phases. Members of the advisory board
will be recruited from different contexts and disciplines. The
advisory board will meet annually to give feedback on the
research process, preliminary results, and the dissemination of
the latter.

Ethical Considerations
The German Federal Ministry of Education and Research funds
the project for 3 years (Grant 01GP1907A). Ethical approval
for this study was obtained from the ethics committee of the
University of Tübingen (ID: 464/2020BO). This study will be
conducted in accordance with the Declaration of Helsinki. Study
participants will be informed thoroughly about the study and
their rights, and written informed consent will be obtained from
all study participants. Other research ethics requirements such
as data protection will be diligently considered. The general
study design and the involved research partners are outlined in
Figure 1.
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Figure 1. Overview of the study design, research partners and analysis methods. IEHM: Institute of Ethics and History of Medicine, University Tübingen,
IGP: Institute of General Practice and Interprofessional Care, University Hospital Tübingen, IOSM: Institute of Occupational and Social Medicine and
Health Services Research, University Hospital Tübingen, FHWS: University of Applied Sciences Würzburg-Schweinfurt, SCA: Symptom Checker
App.

Study Course
Four main data sources will be considered, each representing a
specific stakeholder group of SCAs: representative sample of
the German population (divided into SCA user and nonuser),
GP, and health care experts. We define SCA users as participants
that have used SCAs at least once, and nonusers are participants
who never used SCAs. Data collection and analysis methods
will comprise qualitative and quantitative approaches.
The different methods are applied to the data sources in 4
interconnected study phases, each representing one of the four
main foci of interest of the study: a literature review (study
phase 1, lead: Institute of Ethics and History of Medicine,
University Tübingen [IEHM], Institute of Applied Social
Science, University of Applied Science Würzburg-Schweinfurt),
a representative survey of SCA user and SCA nonuser (study
phase 2, lead: Institute of General Practice and Interprofessional
Care, University Hospital Tübingen [IGP]), an SCA user
diary-based self-observation combined with individual
semistructured interviews (study phase 3, lead: IEHM), and
lastly, single semistructured interviews with GPs and health
care experts (study phase 4, lead: Institute of Occupational and
Social Medicine and Health Services Research, University
Hospital Tübingen [IOSM] for GP interviews, lead: IGP for
health care experts interviews). For this study protocol, we will
follow the Good Reporting of A Mixed Methods Study
(GRAMMS) [27] checklist. Preferred Reporting Items for
Systematic reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) [28,29], STROBE (STrengthening
the Reporting of OBservational studies in Epidemiology) [30],
SRQR (Standards for Reporting Qualitative Research) [31], and
GRAMMS [28] checklists will be applied during the project
process. The PRISMA-ScR, STROBE, and SRQR guidelines
https://www.researchprotocols.org/2022/5/e34026
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will be applied on specific study phases. The GRAMMS [28]
guideline will be used in the context of mixed methods
approaches and in the integration of results. In the following
sections, the 4 study phases and their connections are described
in detail.

Study Phase 1: Literature Review
The first study phase will comprise a comprehensive literature
review that will assess the existing research on SCAs and their
impact on primary care. The aim of this study phase is to gain
a clearer picture of the state of science of SCAs, considering
the ethical, legal, social, and systemic (eg, risks, potentials)
impacts of SCAs. A literature search, oriented on scoping review
(ScR) methodology, will be conducted and reported according
to the PRISMA-ScR statement [28,29]. In recent years, the ScR
methodology has been adopted and further developed for the
field of bioethics, which is characterized by normative research
questions. When analyzing argumentative literature, adjustments
need to be made to the “classic” ScR methodology [32-34]. Key
terms will be defined for the search strategy regarding the
research questions, and databases covering the relevant
dimensions (biomedical, ethical, social, and legal) are selected
(Web of Science, PubMed [Medline], Belit/Ethmed, ProQuest,
SowiPort, GESIS, Philpapers, Juris, BeckOnline, etc). The
inclusion criteria comprise either the mention of an ethical,
legal, or social issue or a combination of this terms related to
SCAs as a digital or mobile app, targeting medical laypersons
that support the assessment of symptoms and self-triage or one
of both aspects. Apps for health care professionals or other
experts, as well as SCAs, which focus on a single health
condition or certain groups of diseases were excluded. To
present the full spectrum of ethical, legal, social, and systemic
impacts literature relevant to the review question, not only
JMIR Res Protoc 2022 | vol. 11 | iss. 5 | e34026 | p. 4
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argument-based but also empirical literature was included.
Publications on SCAs that were written in English or German
and published until 2020 were included in the review. Journal
articles, contributions to anthologies, reports, case series, letters
to editors, opinions, commentaries, and conference papers were
also included; web-based blogs have not been considered. Three
researchers screened the identified literature via hand and
database search and discarded publications not meeting the
inclusion criteria. Publications were analyzed by 2 authors using
the method of qualitative content analysis proposed by Kuckartz
[35].

Study Phase 2: Cross-sectional Survey of SCA Users
and SCA Nonusers
Structure
A survey will be used in a case-control design. The questionnaire
was piloted with 5 participants and will take approximately
15-25 minutes for participants to complete. The survey will
comprise different evaluated scales (for further details, see
Multimedia Appendix 1) and sociodemographic variables as
well as specific questions to the usage of SCAs. This study
phase will be conducted and reported according to the STROBE
statement [30]. Owing to the limited amount of literature on
SCA users and nonusers, pilot interviews with 2 SCA users and
1 SCA expert will be conducted to ensure a meaningful concept
selection for the survey. Simultaneously, concepts will be
derived from existing literature that is connected to the use of
health apps and could reveal the potential characteristics of the
user group such as eHealth Literacy [36], personality [37,38],
hypochondria [39], self-efficacy [40,41], and need for cognition
[42]. Affinity for technology [43], satisfaction with the GP [44],
and overall life satisfaction [45] will also be considered.
Moreover, we will assess the perceived usefulness of SCAs and
requirements for SCAs in open-ended questions of the survey
since this might be a central aspect of acceptance of SCAs as
the Technology Acceptance Model (TAM) induces. The TAM
was already introduced by Davis [46] in 1989 and is based on
the theory of reasonable action and the theory of planned
behavior. The TAM (and its further expansions) is still one of
the most prevailing models to examine factors affecting a users’
acceptance of new technologies [47]. The model assumes a
mediating function of perceived ease of use and usefulness in
association with system characteristics and system usage [47].

Wetzel et al
to identify meaningful predictors for the usage of SCAs and
will moreover set up a multivariate model that includes all the
identified predictors. Our multivariate model will be the first
proposal and will need further research to confirm the univariate
predictors in a multivariate model.
The sample will be composed of different recruiting strands to
achieve a representative sample. In the first strand, German
citizens will be contacted via mail to participate in the survey.
The intended recipients will be representatively selected by an
external partner (T + R Dialog Marketing and Acxiom). Further
participants will be recruited via mailing lists of the University
of Tübingen and the University Hospital of Tübingen, social
media, and cooperating GP practices. After 3 months, the
representativity of this sample will be checked. If the return rate
is too low or if certain groups are not sufficiently represented,
there will be additional recruiting via the proposed channels.
The second strand of the sampling process aims to integrate
symptom checker users only. We expect only a small number
of symptom checker users. To ensure a sample size of nuser=188,
a targeted recruitment via social media advertisements and the
social media channels of the University Hospital of Tübingen
will be conducted.
Inclusion criteria in general are the ability to give consent and
German language skills of at least B1 of the Common European
Framework of References for Languages. Participants of the
second recruitment strand can only be included if they have
experience with SCAs.

Analysis
The level of use for SCAs, awareness of SCAs, and general
interest in SCAs will be described using the first recruitment
strand with descriptive statistics.
Following the case-control design, SCA users from the first and
second recruiting strand will be matched with nonusers (matched
controls) from the first recruitment strand. Significant predictors
will be extracted with a logistic regression. A correction for
multiple testing will be applied. The recent versions of SPSS
(IBM) and R statistic (R Core Team) will be used for the
analyses.

Study Phase 3: Diary-Based Self-observation
Combined With Semistructured User Interviews

Sample and Recruitment

Structure

The sampling process was conducted from November 2020
until the end of June 2021. A case-control design using 2
recruitment strands is planned. An a priori power analysis using
PASS 2020 (v20.0.3, NCSS) revealed a sample size of 375
(β=.8, α=.05, nuisance parameter=0.2; nuser=188, nnonuser=188)
for an odds ratio of 2.5. The targeted odds ratio corresponds to
a small-to-medium effect of Cohen d [48] and was selected
because we consider that this will be an effect size that
contributes a meaningful explanation of variance in the logistic
regression. As this study has an explorative character, we could
not derive theory-driven assumptions for a multivariate logistic
regression. Hence, we based the power analysis on a univariate
logistic regression. We will use a univariate logistic regression

Study phase 3 investigates SCA users and their usage patterns
and effects of SCAs on individuals. A specific SCA (Ada app)
was chosen by the study team as an example since it is
considered one of the most prevalent SCAs in Germany.
Following web-based training, participants will engage in a
diary-based self-observation. During the observation time of 6
weeks, participants will document their daily usage and
nonusage of the Ada app. Next, individual semistructured user
interviews are performed with the diary study participants. The
interviews allow participants to reflect on values, concepts, and
knowledge gaps. This allows a supplemental exploration of the
experiences recorded in the diaries. The user interviews in this

https://www.researchprotocols.org/2022/5/e34026

XSL• FO
RenderX

JMIR Res Protoc 2022 | vol. 11 | iss. 5 | e34026 | p. 5
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
study part will be conducted and reported according to SRQR
statement [31].

Sample and Recruitment
For this study phase, 50 Ada users will be recruited from the
SCA user strand of phase 2 and, if needed, additionally via
social media. Considering a dropout rate of 30%, a sample size
of 36 is assumed. Of these participants, 15 will be recruited for
single semistructured interviews using maximum variation
sampling. Sampling will consider the content of the diary-based
self-observation, usage behavior of the app, medical indication,
and socioeconomic factors. Sample size calculations of the
interview phases are based on the 5D model of information
power by Malterud et al [49].
All participants will receive web-based training on the
self-observation period. The diary will be used to document
symptoms and events, as well as other expected influencing
factors such as stress or quality of life. Furthermore, it will offer
structured questions about the use of SCAs and enable the
participants to write down their own reports or short “field
notes.” Thus, participants will record and describe their
experience, and how they dealt with action recommendations,
appearing problems, emotions, etc. These notes will be used as
a basis for the following semistructured interviews. The
interviews will be conducted via video call, audio-recorded,
and transcribed verbatim by a researcher from the IGP and the
IEHM. The users will receive financial compensation both for
the interviews and the participation in the member check
meeting described below.

Analysis
The diary-based self-observation and the interview transcripts
will be analyzed and integrated into cases. Triangulating the
self-observation diary data with interview transcripts provides
both prospective (longitudinal) and retrospective (narrative)
insights. Quantitative results of the diaries (frequency of use,
use of health care, symptoms, etc) will be considered as
prospective observational outcomes and will be analyzed
quantitatively. The user diaries give the opportunity to record
detailed situational experiences—feelings and thoughts that
probably cannot be remembered or recreated during an interview
without them. However, the interviews will provide in-depth
reports on values, concepts, gaps in knowledge, etc, that tend
to remain invisible in the diaries. The qualitative analysis via
Kruse’s integrative basic procedure [43] will provide an
overview of the recurring themes and patterns within each case
as well as between cases. At the same time, it will allow a more
holistic consideration of the data such as the analysis of
semantics, grammatical structures, and metaphors to reveal
latent meanings and the way users “make sense” of the app and
derive meaning and understanding of the recorded events [50].
The qualitative analysis of the study is supported by MaxQDA
[51]. A member check with participants of the interviews is
planned, in which results of the cases are presented to study
participants to enhance rigor.
The aim of the quantitative analysis is to identify meaningful
predictors for the use of SCAs, taking the longitudinal data
structure into account. A hierarchical model with 2 levels will
https://www.researchprotocols.org/2022/5/e34026
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be performed. Level two will comprise the daily measurements
and will be nested in level one, which comprises the participants.
The quantitative analysis of the diaries will be performed using
a recent version of Microsoft Excel [52] and R Statistics (R
Core Team).

Study Phase 4: Semistructured Interviews With GPs
and Health Care Experts
Structure
The fourth study phase investigates the possible effects of SCAs
on health care delivery, health care providers (module A), and
the health care system (module B). As primary care is most
affected by patients’ usage of SCAs, we will interview GPs in
module A. We will gain more insights into patients’ usage of
SCAs and similar application results in potential psychosocial
demands, resources, and perceived work-related stress [53],
especially regarding workload, work content, work organization,
and social environment [54]. Module B aims to deliver a
multi-perspective view on possible effects of SCAs on the health
care system. To fulfill this aim, we will conduct interviews with
health care experts with different backgrounds to assess the
state of science of SCAs in practice from a multi-perspective
standpoint. Moreover, we aim to identify which potential experts
see for the future use of SCAs and to derive quality criteria for
SCAs. This study phase will be conducted and reported
according to SRQR statement [31].

Sample and Recruitment
In module A, the sample will consist of 10 GPs in Germany.
We aim to build a heterogeneous sample regarding the GP (age,
gender, and race) and their practices (structure and location of
the practice, main patient clientele, and availability of web-based
services). Sample size calculations of the interview phases in
modules A and B are based on the 5D model of information
power by Malterud et al [49]. An interview guide [55] will be
developed, containing questions about preinformed patients and
diagnosis in general, questions about SCAs, and similar apps
with the example of the Ada app in particular. It will be
developed by the IOSM and the help of feedback from the other
project partners. The IOSM will apply various forms of sampling
such as snowball sampling in the established networks of the
IOSM and web-based research to ensure the stated heterogeneity
of the sample. Two researchers of the IOSM will conduct the
interviews mostly via video call due to the ongoing pandemic.
The interviews are expected to last about 45 minutes and will
be audio-recorded.
In module B, 10-15 experts on health care systems will be
interviewed. Experts will be recruited consecutively and
comprise politicians, information technology developers for
medical software, patient advocates, representatives from
jurisdiction, medical associations, and health insurances. We
assume that 10-15 interviews will provide sufficient information
power [49]. Each interview guide will be tailored to the
respective expert. Possible topics are the implementation of
SCAs, recent issues with SCA requirements, and how SCAs
influence different players in health care. The interview guides
will be developed by the team of the IGP with input from the
other project partners. The experts will be contacted via already
JMIR Res Protoc 2022 | vol. 11 | iss. 5 | e34026 | p. 6
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
existing research networks of the project partners. One
researcher of the IGP will conduct the interviews mostly via
video call. The interviews are planned to last about 45-90
minutes and will be audio recorded.
The expert interviews will provide an information background
on the status quo of SCAs in health care as well as ideas for
future developments. This background is important for the
discussion of user experiences (Study phase 3) and for the
patient-physician relationship (integrated study phases 3 and
4). All participants will receive financial compensation both for
the interviews and the participation in the member check
meeting.

Analysis
All interviews will be transcribed. In module A, the interviews
will be analyzed with reflexive thematical analysis by Braun
and Clark [56]. As already stated, this method is used to
understand how interview participants “make sense” of their
experiences. This allows insight into tacit changes in
self-concepts, implicit values psychosocial demands and
resources, and perceived work-related stress. Additionally, it
allows to conduct an analysis of themes and content provided
by the interview partners. The IOSM team will individually
evaluate each interview and compare the interviews to analyze
common patterns. To ensure quality control and richness of
analysis, each interview will be analyzed by 2 researchers, and
preliminary results will be continuously discussed with
additional researchers from the joint project. The interviews in
module B will be analyzed with reflexive thematical analysis
by Braun and Clark [56], as we aim to collect and structure the
overarching themes and their various dimensions. The same
measures for quality control, as described in module A, will be
applied. For additional quality control, a member check with
interview participants of phase 4 is planned: preliminary results
will be presented, and participants will be invited to give critical
feedback, which will be integrated into the further analysis.

Results
The project started in March 2020.

Study Phase 1: Literature Review
The literature review on ethical, legal, social, and systemic
impacts of SCAs was completed in December 2021 and will be
published in 2022.

Study Phase 2: Cross-sectional Survey of SCA Users
and SCA Nonusers
The data collection for study phase 2 was finished in July 2021
(n=1074); the publication of the results is planned for 2022.

Study Phase 3: Diary-Based Self-observation
Combined With Semistructured User Interviews
For study phase 3, data collection of the user diaries (n=48) was
completed in October 2021, user interviews were conducted in
February and March 2022, and publication of the results is
planned for 2022.
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Study Phase 4: Semistructured Interviews With GPs
and Health Care Experts
The recruitment of experts and GPs (study phase 4) is still
ongoing and will be finished in 2022.

Discussion
Principal Findings
This protocol describes an interdisciplinary, mixed methods,
multiphase research program to comprise the impact of SCAs
on the 3 levels (microlevel, mesolevel, and macrolevel) of the
health care system [26]. The main findings of the recent
exploratory study will be an overview of the ethical, legal,
social, and systemic impacts literature on SCAs, epidemiology
data of SCAs (as degree of use in Germany, predictors for SCA
usage considering user characteristics), requirements of SCA
use from a user perspective, a description of SCA user behavior,
and a comprehensive assessment of the perspective of GPs and
health care experts on SCAs.
Digital health care innovations and their impact on the health
care system is a prevailing topic in times of digitalization and
the increasing demand of health care professionals such as GPs.
In contrast to apps for specialists, user-accessible apps such as
SCAs are an unknown variable in the development of health
care delivery in the future. Conflicting claims of medical,
ethical, and social advantages or disadvantages of SCAs
characterize the current state of the debate. Apparently
paradoxical effects, as undermining trust in the patient-physician
relationship on the one hand, improved exchange on the other
hand, may be coexisting or representing different perspectives
in scenarios that require further description. The conflicting
information about ethical, legal, social, and systemic impacts
requires more empiric data to inform and deepen the debate
[57].
Little is known about the psychosocial demands and resources
of GPs in this context. SCAs are attributed to result in an overuse
as well as in an underuse of health care resources. Finally,
existing health inequalities may be improved or worsened by
their impact. Based on an ScR of the ethical, social, and legal
literature, the project will provide evidence, which of these
contradicting assumptions is confirmed by the empirical study
of the user experiences in the case study at hand. Using SCA
as an example of consumer-oriented digital innovations, this
study aims to research and integrate questions that are important
for the general debate on digital transformation: what is known
about the topic? How widespread is the phenomenon? How do
users apply the innovation? How does that modulate their
behavior and impact their health care usage? How do
negotiations with health care providers play out? Which
regulatory legislation is necessary? What are the implications
for the physicians in particular and the health care system as a
whole? However, only collecting data from 1 stakeholder’s
perspective without considering possible interactions will
generate blind spots. Thus, the main challenge is to consider
different stakeholders’ perspectives, wants and needs, and to
engage in a transparent debate on the current dynamic
developments.
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Strengths and Limitations
The projects’ concept integrates different data sources and
methods from the very start. The multidisciplinary, multiphase
design, and the methods and skills mix of the study partners
create a scenario in which methodological strengths are
complimentary and perspectives can be negotiated. For example,
by limiting recruitment to a single SCA (the Ada app) in the
qualitative study phases, we are able to focus the analysis [49].
At the same time, through the representative survey, these
qualitative results can be put in a broader context, which will
contribute to implications for the health care system. Another
strength is the immanent consideration of the user perspective
by combining a survey, user diary, and user interviews. In
integrating relevant perspectives and plotting study phases to
converge in integrated workshops, we present an approach for
integrated research in ethics, social, and health sciences. This
is possible owing to the long-standing cooperation between all
involved partners and previous positive experiences in common
projects.

Wetzel et al
This research project also has limitations: we will not investigate
how SCAs perform in terms of medical accuracy. Further, we
will not be able to observe direct interaction of patients and
physicians in the context of SCAs and see how SCAs influence
the patient-physician relationship directly. Moreover, we
assessed user and nonuser characteristics through subjective
user rating rather than objective measurements (eg, overall
health rating of participant). Lastly, we will not directly
investigate the effect of SCAs on health care utilization. We
will, however, assess parameters considering utilization reported
by participants.

Conclusions
This study offers an opportunity for multidisciplinary research:
it considers different research perspectives and methodologies
from ethics, legal, social, health care, and medical science and
integrates them in 1 study process. We are confident that this
will lead to new insights for the use of SCAs and digitalization
in health care while providing a novel methodological approach
for integrated research in health care digitalization.

Acknowledgments
We thank Anne-Kristin Münch and Prof Dr Peter Martus for their advice. Further, we thank Marius Wetzel for the language
check of the manuscript. The project proposal of the research project CHECK.APP has undergone an external peer review process
before it was accepted for funding. The project is fully funded by the German Federal Ministry of Education and Research who
have no role in the design of the study phases and will have no ruling during its execution, or in the analyses of the data, or in
the decision to submit any results. This study protocol has not undergone peer review by the funding body. Contact information:
Heinrich-Kronen-Straße 1, 43227 Bonn; contact person for CHECK.APP: Dr. Katja Hüttner; email: Katja.Huettner@dlr.de.

Authors' Contributions
AJW and RK equally contributed to the manuscript draft and the writing process. RK, SJ, MAR, UW, HJE, CP, RR, and TH
collaborated on the research proposal grant, study protocol, and study design. The authors’ contributions to the design of the
study phases and the editing of the corresponding phases in the manuscript were as follows: UW, RM, RR, HJE, TH, and MK
contributed to study phase 1. AJW, SJ, and RK contributed to study phase 2. Phase 3 was collaboratively contributed to by RK,
CP, MK, AJW, and RM. MAR and CP contributed to phase 4A; AJW, RK, and CP contributed to phase 4B. All authors collaborated
on the editing of the manuscript draft. All authors approved the final version.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Evaluated scales that were used in the survey of study phase 2.
[PNG File , 77 KB-Multimedia Appendix 1]

References
1.
2.
3.

4.
5.
6.

Richens JG, Lee CM, Johri S. Improving the accuracy of medical diagnosis with causal machine learning. Nat Commun
2020 Aug 11;11(1):3923 [FREE Full text] [doi: 10.1038/s41467-020-17419-7] [Medline: 32782264]
Google Play Store. URL: https://play.google.com/store?gl=DE [accessed 2022-05-06]
Aboueid S, Liu RH, Desta BN, Chaurasia A, Ebrahim S. The Use of Artificially Intelligent Self-Diagnosing Digital Platforms
by the General Public: Scoping Review. JMIR Med Inform 2019 May 01;7(2):e13445 [FREE Full text] [doi: 10.2196/13445]
[Medline: 31042151]
TK legt Kooperation mit Ada Health auf Eis. Aerztezeitung. 2019. URL: https://www.aerztezeitung.de/Wirtschaft/
TK-legt-Kooperation-mit-Ada-Health-auf-Eis-404721.html [accessed 2020-05-15]
Richens JG, Lee CM, Johri S. Publisher Correction: Improving the accuracy of medical diagnosis with causal machine
learning. Nat Commun 2020 Sep 16;11(1):4754 [FREE Full text] [doi: 10.1038/s41467-020-18310-1] [Medline: 32938913]
Braun M, Hummel P, Beck S, Dabrock P. Primer on an ethics of AI-based decision support systems in the clinic. J Med
Ethics 2020 Apr 03 [FREE Full text] [doi: 10.1136/medethics-2019-105860] [Medline: 32245804]

https://www.researchprotocols.org/2022/5/e34026

XSL• FO
RenderX

JMIR Res Protoc 2022 | vol. 11 | iss. 5 | e34026 | p. 8
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
7.
8.

9.
10.
11.

12.
13.

14.

15.
16.

17.

18.
19.

20.
21.
22.

23.

24.
25.
26.

27.
28.

29.

Jobin A, Ienca M, Vayena E. The global landscape of AI ethics guidelines. Nat Mach Intell 2019 Sep 02;1(9):389-399.
[doi: 10.1038/s42256-019-0088-2]
Ienca M, Ferretti A, Hurst S, Puhan M, Lovis C, Vayena E. Considerations for ethics review of big data health research:
A scoping review. PLoS One 2018;13(10):e0204937 [FREE Full text] [doi: 10.1371/journal.pone.0204937] [Medline:
30308031]
Australian Government - Department of Health. Regulation of software based medical devices. URL: https://www.tga.gov.au/
regulation-software-based-medical-devices [accessed 2021-02-01]
U.S. Department of Health and Human Services. Policy for Device Software Functions and Mobile Medical Applications.
2019. URL: https://www.fda.gov/media/80958/download [accessed 2022-02-18]
European parliament and the council of the European Union. REGULATION (EU) 2017/745 OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL. Official Journal of the European Union. 2017. URL: https://eur-lex.europa.eu/
legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745 [accessed 2022-02-18]
Hageman MGJS, Anderson J, Blok R, Bossen JKJ, Ring D. Internet self-diagnosis in hand surgery. Hand (NY) 2015
Sep;10(3):565-569 [FREE Full text] [doi: 10.1007/s11552-014-9707-x] [Medline: 26330798]
Scheuer S. Warum die Corona-App auf Millionen Smartphones nicht funktioniert. Handelsblatt. URL: https://www.
handelsblatt.com/technik/it-internet/alte-betriebssysteme-warum-die-corona-app-auf-millionen-smartphones-nicht-funktioniert/
25929842.html?ticket=ST-2591858-cKGesa05dbuV5H5br12G-ap5 [accessed 2021-04-28]
Gilbert S, Mehl A, Baluch A, Cawley C, Challiner J, Fraser H, et al. How accurate are digital symptom assessment apps
for suggesting conditions and urgency advice? A clinical vignettes comparison to GPs. BMJ Open 2020 Dec
16;10(12):e040269 [FREE Full text] [doi: 10.1136/bmjopen-2020-040269] [Medline: 33328258]
Aboueid S, Meyer SB, Wallace J, Chaurasia A. Latent classes associated with the intention to use a symptom checker for
self-triage. PLoS One 2021;16(11):e0259547 [FREE Full text] [doi: 10.1371/journal.pone.0259547] [Medline: 34731217]
Meyer AND, Giardina TD, Spitzmueller C, Shahid U, Scott TMT, Singh H. Patient Perspectives on the Usefulness of an
Artificial Intelligence-Assisted Symptom Checker: Cross-Sectional Survey Study. J Med Internet Res 2020 Jan
30;22(1):e14679 [FREE Full text] [doi: 10.2196/14679] [Medline: 32012052]
Marco-Ruiz L, Bønes E, de la Asunción E, Gabarron E, Aviles-Solis JC, Lee E, et al. Combining multivariate statistics and
the think-aloud protocol to assess Human-Computer Interaction barriers in symptom checkers. J Biomed Inform 2017
Oct;74:104-122 [FREE Full text] [doi: 10.1016/j.jbi.2017.09.002] [Medline: 28893671]
Luger TM, Houston TK, Suls J. Older adult experience of online diagnosis: results from a scenario-based think-aloud
protocol. J Med Internet Res 2014 Jan 16;16(1):e16 [FREE Full text] [doi: 10.2196/jmir.2924] [Medline: 24434479]
Winn AN, Somai M, Fergestrom N, Crotty BH. Association of Use of Online Symptom Checkers With Patients' Plans for
Seeking Care. JAMA Netw Open 2019 Dec 02;2(12):e1918561 [FREE Full text] [doi: 10.1001/jamanetworkopen.2019.18561]
[Medline: 31880791]
Semigran HL, Linder JA, Gidengil C, Mehrotra A. Evaluation of symptom checkers for self diagnosis and triage: audit
study. BMJ 2015;351:h3480-h3489 [FREE Full text] [Medline: 26157077]
Hill MG, Sim M, Mills B. The quality of diagnosis and triage advice provided by free online symptom checkers and apps
in Australia. Med J Aust 2020 Jun;212(11):514-519. [doi: 10.5694/mja2.50600] [Medline: 32391611]
Ceney A, Tolond S, Glowinski A, Marks B, Swift S, Palser T. Accuracy of online symptom checkers and the potential
impact on service utilisation. PLoS One 2021;16(7):e0254088 [FREE Full text] [doi: 10.1371/journal.pone.0254088]
[Medline: 34265845]
Schmieding ML, Mörgeli R, Schmieding MAL, Feufel MA, Balzer F. Benchmarking Triage Capability of Symptom
Checkers Against That of Medical Laypersons: Survey Study. J Med Internet Res 2021 Mar 10;23(3):e24475 [FREE Full
text] [doi: 10.2196/24475] [Medline: 33688845]
Marckmann G. Ethische Aspekte von eHealth. In: Fischer F, Krämer A, editors. eHealth in Deutschland. Berlin: Springer
Verlag; 2016:83-99.
Fiske A, Buyx A, Prainsack B. The double-edged sword of digital self-care: Physician perspectives from Northern Germany.
Soc Sci Med 2020 Sep;260:113174 [FREE Full text] [doi: 10.1016/j.socscimed.2020.113174] [Medline: 32659512]
Leijten FRM, Struckmann V, van Ginneken E, Czypionka T, Kraus M, Reiss M, SELFIE consortium. The SELFIE framework
for integrated care for multi-morbidity: Development and description. Health Policy 2018 Jan;122(1):12-22 [FREE Full
text] [doi: 10.1016/j.healthpol.2017.06.002] [Medline: 28668222]
O'Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies in health services research. J Health Serv Res
Policy 2008 Apr;13(2):92-98. [doi: 10.1258/jhsrp.2007.007074] [Medline: 18416914]
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ
2009 Jul 21;339:b2700 [FREE Full text] [doi: 10.1136/bmj.b2700] [Medline: 19622552]
Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): Checklist and Explanation. Ann Intern Med 2018 Sep 04;169(7):467. [doi: 10.7326/M18-0850]

https://www.researchprotocols.org/2022/5/e34026

XSL• FO
RenderX

Wetzel et al

JMIR Res Protoc 2022 | vol. 11 | iss. 5 | e34026 | p. 9
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
30.

31.

32.
33.
34.
35.
36.
37.

38.

39.
40.

41.

42.

43.
44.
45.
46.
47.
48.

49.
50.
51.
52.
53.
54.

55.
56.

von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, STROBE Initiative. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational
studies. Int J Surg 2014 Dec;12(12):1495-1499 [FREE Full text] [doi: 10.1016/j.ijsu.2014.07.013] [Medline: 25046131]
O'Brien BC, Harris IB, Beckman TJ, Reed DA, Cook DA. Standards for reporting qualitative research: a synthesis of
recommendations. Acad Med 2014 Sep;89(9):1245-1251 [FREE Full text] [doi: 10.1097/ACM.0000000000000388]
[Medline: 24979285]
Strech D, Synofzik M, Marckmann G. Systematic reviews of empirical bioethics. J Med Ethics 2008 Jun;34(6):472-477.
[doi: 10.1136/jme.2007.021709] [Medline: 18511623]
Strech D, Sofaer N. How to write a systematic review of reasons. J Med Ethics 2012 Feb;38(2):121-126 [FREE Full text]
[doi: 10.1136/medethics-2011-100096] [Medline: 22080465]
Mertz M, Kahrass H, Strech D. Current state of ethics literature synthesis: a systematic review of reviews. BMC Med 2016
Oct 03;14(1):152 [FREE Full text] [doi: 10.1186/s12916-016-0688-1] [Medline: 27716264]
Kuckartz U. Qualitative text analysis. Thousand Oaks, California: SAGE Publications Ltd; 2013.
Bol N, Helberger N, Weert JCM. Differences in mobile health app use: A source of new digital inequalities? The Information
Society 2018 Apr 26;34(3):183-193. [doi: 10.1080/01972243.2018.1438550]
Carvalho LF, Sette CP, Ferrari BL. Problematic smartphone use relationship with pathological personality traits: Systematic
review and meta-analysis. Cyberpsychology: Journal of Psychosocial Research on Cyberspace 2018 Dec 31;12(3):1-20.
[doi: 10.5817/cp2018-3-5]
Svendsen GB, Johnsen JK, Almås-Sørensen L, Vittersø J. Personality and technology acceptance: the influence of personality
factors on the core constructs of the Technology Acceptance Model. Behaviour & Information Technology 2013
Apr;32(4):323-334. [doi: 10.1080/0144929X.2011.553740]
Loos A. Cyberchondria: Too Much Information for the Health Anxious Patient? Journal of Consumer Health On the Internet
2013 Oct;17(4):439-445. [doi: 10.1080/15398285.2013.833452]
Balapour A, Reychav I, Sabherwal R, Azuri J. Mobile technology identity and self-efficacy: Implications for the adoption
of clinically supported mobile health apps. International Journal of Information Management 2019 Dec;49:58-68. [doi:
10.1016/j.ijinfomgt.2019.03.005]
Zhang X, Han X, Dang Y, Meng F, Guo X, Lin J. User acceptance of mobile health services from users' perspectives: The
role of self-efficacy and response-efficacy in technology acceptance. Inform Health Soc Care 2017 Mar;42(2):194-206.
[doi: 10.1080/17538157.2016.1200053] [Medline: 27564428]
Nikoloudakis IA, Crutzen R, Rebar AL, Vandelanotte C, Quester P, Dry M, et al. Can you elaborate on that? Addressing
participants' need for cognition in computer-tailored health behavior interventions. Health Psychol Rev 2018
Dec;12(4):437-452. [doi: 10.1080/17437199.2018.1525571] [Medline: 30221580]
Kruse J, Schmieder C. Qualitative Interviewforschung: ein integrativer Ansatz. Weinheim: Beltz Juventa; 2014.
Scholl I, Hölzel L, Härter M, Dierks M, Bitzer E, Kriston L. Fragebogen zur Zufriedenheit in der ambulanten Versorgung
– Schwerpunkt Patientenbeteiligung (ZAPA). Klinische Diagnostik und Evaluation 2011:50-62. [Medline: 1864-6050]
Beierlein C, Kovaleva A, László Z, Kemper C, Rammstedt B. Kurzskala zur Erfassung der Allgemeinen Lebenszufriedenheit
(L-1). Zusammenstellung sozialwissenschaftlicher Items und Skalen (ZIS) 2015. [doi: 10.6102/zis229]
Davis FD. Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology. MIS Quarterly
1989 Sep;13(3):319. [doi: 10.2307/249008]
Rahimi B, Nadri H, Lotfnezhad Afshar H, Timpka T. A Systematic Review of the Technology Acceptance Model in Health
Informatics. Appl Clin Inform 2018 Jul;9(3):604-634 [FREE Full text] [doi: 10.1055/s-0038-1668091] [Medline: 30112741]
Chen H, Cohen P, Chen S. How Big is a Big Odds Ratio? Interpreting the Magnitudes of Odds Ratios in Epidemiological
Studies. Communications in Statistics - Simulation and Computation 2010 Mar 31;39(4):860-864. [doi:
10.1080/03610911003650383]
Malterud K, Siersma VD, Guassora AD. Sample Size in Qualitative Interview Studies: Guided by Information Power. Qual
Health Res 2016 Nov;26(13):1753-1760. [doi: 10.1177/1049732315617444] [Medline: 26613970]
Bruner J. Acts of Meaning. Cambridge, Massachusetts: Harvard University Press; 1990.
MAXQDA 2022: The Game Changer. MAXQDA. URL: https://www.maxqda.de/ [accessed 2022-05-06]
Microsoft. URL: https://www.microsoft.com/ [accessed 2022-05-06]
Demerouti E, Bakker AB, Nachreiner F, Schaufeli WB. The job demands-resources model of burnout. J Appl Psychol 2001
Jun;86(3):499-512. [Medline: 11419809]
Beck D, Lenhardt U. Consideration of psychosocial factors in workplace risk assessments: findings from a company survey
in Germany. Int Arch Occup Environ Health 2019 Apr;92(3):435-451 [FREE Full text] [doi: 10.1007/s00420-019-01416-5]
[Medline: 30756179]
Helfferich C. Die Qualität qualitativer Daten. In: Wiesbaden ISBN. Wiesbaden: Springer VS Verlag für Sozialwissenschaften;
2011.
Braun V, Clarke V. What can "thematic analysis" offer health and wellbeing researchers? Int J Qual Stud Health Well-being
2014;9:26152 [FREE Full text] [doi: 10.3402/qhw.v9.26152] [Medline: 25326092]

https://www.researchprotocols.org/2022/5/e34026

XSL• FO
RenderX

Wetzel et al

JMIR Res Protoc 2022 | vol. 11 | iss. 5 | e34026 | p. 10
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
57.

Wetzel et al

Lupton D, Jutel A. 'It's like having a physician in your pocket!' A critical analysis of self-diagnosis smartphone apps. Soc
Sci Med 2015 May;133:128-135. [doi: 10.1016/j.socscimed.2015.04.004] [Medline: 25864149]

Abbreviations
GP: general practitioner
GRAMMS: Good Reporting of A Mixed Methods Study
IEHM: Institute of Ethics and History of Medicine, University Tübingen
IGP: Institute of General Practice and Interprofessional Care, University Hospital Tübingen
IOSM: Institute of Occupational and Social Medicine and Health Services Research, University Hospital Tübingen
PRISMA-ScR: Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping
Reviews
SCA: Symptom Checker App
ScR: scoping review
SRQR: Standards for Reporting Qualitative Research
STROBE: STrengthening the Reporting of OBservational studies in Epidemiology
TAM: Technology Acceptance Model

Edited by T Leung; submitted 05.10.21; peer-reviewed by R Cochran, S Aboueid, S Gilbert; comments to author 06.02.22; revised
version received 18.02.22; accepted 30.03.22; published 16.05.22
Please cite as:
Wetzel AJ, Koch R, Preiser C, Müller R, Klemmt M, Ranisch R, Ehni HJ, Wiesing U, Rieger MA, Henking T, Joos S
Ethical, Legal, and Social Implications of Symptom Checker Apps in Primary Health Care (CHECK.APP): Protocol for an
Interdisciplinary Mixed Methods Study
JMIR Res Protoc 2022;11(5):e34026
URL: https://www.researchprotocols.org/2022/5/e34026
doi: 10.2196/34026
PMID:

©Anna-Jasmin Wetzel, Roland Koch, Christine Preiser, Regina Müller, Malte Klemmt, Robert Ranisch, Hans-Jörg Ehni, Urban
Wiesing, Monika A Rieger, Tanja Henking, Stefanie Joos. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 16.05.2022. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

https://www.researchprotocols.org/2022/5/e34026

XSL• FO
RenderX

JMIR Res Protoc 2022 | vol. 11 | iss. 5 | e34026 | p. 11
(page number not for citation purposes)

