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Abstract

Background: Symptom checkers are designed to support their users in recognizing medical symptoms and recommending
courses of action. The applications are not yet reliable for self-triage and diagnostics. Users (e-)health literacy playsarolein how
symptom checkers are used, but it is unclear how the process from symptom via application input to consulting health care
works.

Objective: The aim of this study is to describe symptom checker use from the perspective of laypersons. Three research
guestions are addressed: 1) How do users describe the process of using symptom checkers? 2) What are entry points and possible
outcomes of symptom checker app use? 3) How are health literacy and e-health literacy expressed during the use of SCA?

Methods: As part of the CHECK.APP project, 15 medical laypersons were interviewed about their experiences with a specific
symptom checker using an interview guideline. The transcripts of the interviews were analyzed using the integrative basic
procedure. It combined an analysis of social positioning and agency with Achtziger and Gollwitzer's Rubicon model as concrete
heuristics.

Results: App use corresponds to a cyclic process. Its initiation depends on biographical, social and contextual factors. Users
employed symptom checkers for three purposes. Information gathering, action recommendation and communication. They

integrate various social, personal and digital resources in their health-related behavior. Their evaluation of the use process
depends on context factors, app output and the result of their health-related behavior.

Conclusions: Hedlth literacy and e-health literacy are expressed at each step of the process, showing that symptom checkers rely
heavily on users' hedlth literacy. To be more effective, symptom checkers should be more transparently integrated in health care.
Clinical Tria: German Clinical Trias Register (DRKS) DRK S00022465
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Abstract

Background: Symptom checkers are designed to support their users in recognizing medical
symptoms and recommending courses of action. The applications are not yet reliable for self-triage
and diagnostics. Users (e-)health literacy plays a role in how symptom checkers are used, but it is
unclear how the process from symptom via application input to consulting health care works.
Objective: The aim of this study is to describe symptom checker use from the perspective of
laypersons. Three research questions are addressed: 1) How do users describe the process of using
symptom checkers? 2) What are entry points and possible outcomes of symptom checker app use? 3)
How are health literacy and e-health literacy expressed during the use of SCA?

Methods: As part of the CHECK.APP project, 15 medical laypersons were interviewed about their
experiences with a specific symptom checker using an interview guideline. The transcripts of the
interviews were analyzed using the integrative basic procedure. It combined an analysis of social
positioning and agency with Achtziger and Gollwitzer's Rubicon model as concrete heuristics.
Results: App use corresponds to a cyclic process. Its initiation depends on biographical, social and
contextual factors. Users employed symptom checkers for three purposes: Information gathering,
action recommendation and communication. They integrate various social, personal and digital
resources in their health-related behavior. Their evaluation of the use process depends on context
factors, app output and the result of their health-related behavior.

Conclusions: Health literacy and e-health literacy are expressed at each step of the process, showing
that symptom checkers rely heavily on users’ health literacy. To be more effective, symptom
checkers should be more transparently integrated in health care.

Trial Registration: German Clinical Trials Register (DRKS) DRKS00022465;
https://tinyurl.com/yx53er67.

Keywords: Symptom checker applications; Health literacy; eHealth literacy; Qualitative research;
Interview study

Introduction

This qualitative study focuses on investigating relationships between the three concepts eHealth
literacy (eHL), health literacy (HL), health related behavior (HRB) and the use of a specific
symptom checker application (SCA) by medical laypersons.

SCA are readily available digital applications on mobile devices that support medical laypersons in
the assessment of symptoms and/or self-triage[1, 2]. In Germany, SCA play a role in layperson’s
health information-seeking behavior (HISB) alongside books, other internet resources and consulting
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friends or family [3]. Despite continuous efforts to improve them, SCA algorithms remain mainly
risk-averse at the cost of diagnostic accuracy, especially in non-acute situations [4-7]

Several studies associate SCA use by laypersons with the concepts of eHL, HL. and HRB [1, 8-10].
Aboueid identified HL as both an enabler of and a barrier to SCA use in young adults [8]. The author
also found that technology-affine users have a higher odds of using SCA in the future than
technology-rejectors [11]. Hypochondria and worries about one’s health status are associated with
SCA use [8, 12]. In order to better understand the meaning of the three concepts (eHL, HL, HRB) for
laypersons using SCA, definitions are given below:

The concept of eHL defines a skillset specifically required to navigate electronic, digital and mobile
health information resources [13, 14]. According to Norman and Skinner, the skillset encompasses
six domains [13]: Traditional literacy (Reading/writing skills), computer literacy (to use computers),
media literacy (to know how knowledge is distributed across information channels in society),
scientific literacy (to be able to assess how knowledge is generated) and information literacy (to have
strategies for searching and structuring knowledge). It also includes the complex concept HL.

HL is defined as “the degree to which individuals have the capacity to obtain, process, and
understand basic health information and services needed to make appropriate health decisions [15-
17]”. According to Nutbeam, three levels of HL can be distinguished: functional, interactive, and
critical HL [18]: Each domain refers to a different skillset. Functional HL refers to the basic skillset
that is needed to process health information and access services. Interactive HL adds cognitive and
literacy skills which, together with social skills, enable individuals to participate in activities and
derive meaning from communicating with others in a dynamic environment. Lastly, critical HL
enables individuals to critically appraise health information and consider social determinants of
health. The context and situational demands of the health care system and an individual’s situation
determine if the skills applied by an individual meet the current demands of the health-related issue
and its social circumstances [15-17, 19].

HRB is the result of a motivational process in which both HL. and eHL play a role [20, 21]. Von
Wagner proposed a model in which individual factors (knowledge, cognition) and external influences
(social, educational environment and experiential learning) dynamically shape HL. Both literacy
concepts are linked via HRB to health outcomes in three health care domains: Self-care, patient-
provider interaction, and health system navigation [21, 22]. Self-care especially encompasses both
patients’ skills and knowledge to navigate health care problems and support technologies that
empower patients to assess and document their complaints. HL is also linked to the related model
self-efficacy, especially in persons with chronic diseases[23, 24]. In eHL research, the relationship to
health-related outcomes is less conclusive, but suggests that health-promoting behavior and eHL are
related [21]. Both HL and health-related outcomes such as HLB consistently follow a social gradient
[25, 26]. A significant proportion of the European population has low HL, which is correlated with
negative health outcomes[27, 28]. HL and health outcomes are distributed through social networks
and family [29].

How the occurrence of a symptom leads medical laypersons to engage in SCA use and consecutively
act on the SCA output has not yet been described as a process [1, 30]. There are several challenges to
researching SCA, such as different user profiles, context-dependency of app use and the rapid rate of
development in the field [1, 11, 31]. The following is known about laypersons’ use of SCA:

When a motivator for app use occurs (e.g. a health symptom), laypersons enter health-related
information into the SCA. Curiosity about one’s health status or the desire to rule out possibly
dangerous conditions, the availability of health care services, trust in SCA as well as certain
symptoms are known factors associated with SCA use [2, 8, 10, 32-36]. Further engaging with SCA
warrants distinct user experiences that are shaped by the confidence in one’s ability for self-
assessment [8-10, 34], personal illness experiences [2, 8, 9], proficiency in navigating informational
sources [8, 9], age [32, 37] and the ability to process and understand health-related information [1, 8-
10, 37], all of which are part of the abovementioned concepts.
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Based on user input, the applications then present a ranked list of plausible causes together with
feedback on how urgent the matter is and a recommendation (e.g. “go see a doctor”). This output can
make some users feel more or less anxious to seek medical help [1, 8, 38, 39]. Users prefer following
the SCA’s recommendation if it is “wait and see” [2, 39]. Satisfaction with app use is not necessarily
linked to compliance in regard to following its advice [40], e.g. users can be dissatisfied with the app
but follow its advice, nonetheless[36]. Researchers voice concerns that this range of health-related
outcomes together with the diagnostic inaccuracy of the applications might lead laypersons to
unnecessarily consume HC services [4-6, 41]. However, there still is a substantial lack of evidence if
SCA use actually “triggers” health-care seeking behavior (as in a cause-and-effect relationship) in
that user group [1, 3, 12, 35, 36, 39].

The aim of this study is to describe the process of how medical laypersons use a specific SCA from
their perspective and taking eHL and HRB into account. Three main research questions are posed: 1)
How do users describe the process of using SCA for health-related complaints? 2) What are the entry
points and possible outcomes of SCA use? 3) How are eHL and HL expressed during the use of
SCA?

Methods

Study design and sampling strategy

This study is embedded in the larger context of the joint project “Ethical, Legal, and Social
Implications of Symptom Checker Apps in Primary Health Care” (Acronym CHECK.APP) [42]. The
CHECK.APP project is based on a mixed-methods design and has four foci (1: Ethical, legal, and
social issues, 2: Epidemiology of SCA use and predictors of use, 3: Patterns of SCA use and impact
on individuals, 4: Impact of SCA use on the health care system and health care workers). The present
study was part of Focus 3 and followed a six-week self-monitoring diary study that aimed to generate
quantitative data on SCA usage patterns. The present study’s contribution to the project is to gain
deeper insights into SCA use and its impact from the user's perspective. Study design and method of
the present study are presented adhering to the SRQR statement [43].

Study participants were recruited from n=48 active SCA users after they had completed the six-week
self-observation diary study. All users used Ada (Ada Health GmbH, Munich, Germany). The diary
study participants were addressed and asked if they were interested in performing additional in-depth
interviews based on their respective diary experience. Participants signaling interest were selected
for the interviews based on their age, gender and frequency of SCA use (sparse: less than 10 times in
the six weeks, frequent: more than 10 times in the six weeks). Based on the 5D model of information
power by Malterud et al [44], a sample of n=15 interviews was estimated to be sufficient.

Research paradigm, qualitative approach

This qualitative interview study follows a constructivist research paradigm: Users construct their
reality by integrating experiences, self-image and bodily perceptions into their biography [45]. They
learn from experience[46]. These integrated factors are expressed through the social act of narration
during the interviews. Kruse’s integrative basis procedure is used as a qualitative approach to reveal
latent meanings and the way users “make sense” of the app and their experience with it [47].

The CHECK.APP research team consists of persons with a professional training and research
experience in medicine, family medicine, psychology, sociology, law, medical ethics and philosophy.
The project is conducted in the context of the German health care system with a focus on primary
health care.

Ethical issues pertaining to human subjects

The study received a positive vote from the Ethics Committee of the University of Tiibingen

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

(Number 464/2020BO) and was conducted following the Declaration of Helsinki. All participants
gave their informed consent before the interview began. The participants received a monetary
compensation for their participation in the interviews. All data is stored on encrypted servers.

Data collection methods

The interviews were performed by a pair of interviewers (I) using an interview guideline (see
supplement 1). The interview guideline was created by the research team for the study and piloted
with n=2 interview partners (IP) that were not included in the analysis. The test interviews were used
to review the guidelines and interview styles in a group feedback discussion between the
interviewers and their supervisors. One interviewer was from the Institute of General Practice and
Interprofessional Care (IGPIC) and the other either from the Institute of Ethics and History of
Medicine (IfEHM) or the Institute of Applied Social Science (IFAS). The interviewers were JW, RK,
MTS (IGPIC), RM (IfEHM) and MK (IFAS). After consent was obtained, the interviews were
performed using the ZOOM video client and audio-recorded on local, secure computers at Tiibingen
University hospital (UKT).

The interviews took place from 18th January 2022 until 15th March 2022. Analysis was started
during data collection.

Sample

Of the 48 persons participating in the journal diary, n=28 (56%) expressed interest in an interview. A
chronic condition was reported by n=10 potential interview partners. 17 persons used the SCA
infrequently (less than 1x/week). Mean age was 28.1 years. 14 persons identified as female and the
rest as male. No person identified as non-binary. Racial characteristics were not asked in the diary
study. Most potential participants (n=22) had a school education qualifying for university studies
(“Abitur”). All interview partners were caucasian. No interview partner had a migration background.
The average interview duration was 46 minutes (min. 35 minutes, max. 76 minutes). Initial reading
of the transcripts showed a decline of new topics and a saturation of the thematic foci of the study
after 12 interviews. No further recruitment was undertaken after 15 interview partners.

The relevant characteristics of the interview participants can be seen in table 1 below.

Table 1. Relevant characteristics of the 15 interview participants.

Category Item N=
Age
<45 12
45-55 2
>55 1
Gender
Female 9
Male 6
Diverse/non-binary 0
SCA use frequency
Sparse (<1/week) 6

Frequent (>1/week) 9

School education

Abitur® 12

Realschule® 2

Hauptschule® 1
Place of residence

Urban 13
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Rural 2
Chronic condition
Present S5
Not present 10
* For above-average abilities and motivation. Leading to the exam required for studies at

university/college

® For the practical-minded, preparing for vocational training. Leading to 2-3 year apprenticeship, to
secondary vocational, general schools or attaining a highschool diploma

¢ For the practical-minded, preparing for vocational training. Leading to 3-year apprenticeship or to
secondary vocational schools

Data processing

Interviews were transcribed pseudonymously by a third party (Amanu, Germany). Transcripts were
stored on protected servers at Tiibingen University Hospital. For analysis, Microsoft Excel and
Microsoft Word were used.

Data analysis

The integrative basis procedure uses a three-step process to allow an in-depth analysis of self-
perception, biographic relations, self-image and perception of social roles in interview material [47].
The analysis was performed by RK and MTS cooperatively using strategies to enhance
trustworthiness and rigor (see below).

The analysis first step in the integrative basis procedure was a “detailed micro-language analysis”, a
linguistic approach in which the transcripts were deconstructed. The idea behind the first step is that
different verbal expressions represent different levels of the speakers’ attention:
Pragmatic/interaction (interaction and relationship between interviewer and participant), Syntactics
(specific grammar as expression of cognitive structures) and semantics (specific choice of words,
metaphors). Micro-analysis also slows down the process of getting to know the transcripts and thus
helps researchers to shift their focus on different meanings in the same text unit to be able to get
deeper into the analysis.

Next, the transcripts were interpretatively analyzed using methodological and thematic heuristics. In
our case, the methodological heuristics used were an analysis of social positioning and agency [48,
49]. In terms of thematic heuristics, we employed Achtziger and Gollwitzer’s Rubikon-model as a
framework for motivational processes and intention building [50]. The accepted model was
deliberately chosen to help structure intra-personal motivational processes.

Finally, the findings from these first two steps were integrated in the third step: It begins with the
formulation of questions for each interview transcript that represent central interpretation of the
interview (German: “Lesarten”). For each interview, the questions to the text were condensed into
interview-specific motifs and patterns. These were then integrated between the interviews,
summarized, categorized and finally compiled into a coherent result text that represents the central
motives and patterns of the interview study. The latter is the results text in this manuscript.

Techniques to enhance trustworthiness

First, RK and MTS performed each of the above three analysis steps independently on the same
transcript. Then, they compared their results after each step. Differences were discussed and if
possible, a mutual understanding of the texts and the method was established. When disagreements
arose, they were discussed in monthly multidisciplinary methodological workshops within the
CHECK.APP project research team.

Relying on the method of peer-checking, the interim results were presented and discussed several
times in a multidisciplinary research workshop on qualitative research methods. In a member-check
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with the majority of the interview partners, the interim results were discussed and validated during a
three-hour session. Furthermore, in a multidisciplinary validation workshop, intermediate states of
the analysis as well as open questions were discussed and illuminated under consideration of the
perspectives from law, ethics, social medicine and general medicine.

Results
Visualization of the process

Based on the four stages of the Rubikon model, a cyclic model of the SCA use process according to
the IP was developed. It is presented in figure 1 below.

<insert figure 1 here>

Caption Figure 1 SCA app use process with eHL and HL. domains marked out

The figure describes the path from an entry point (such as noticing a health-related complaint) via
intention formation (influenced by motivational and volitional determinants) and volition to health-
related behavior as an outcome. The latter can take place in different contexts. The behavior, in turn,
leads to new experiences that are evaluated by the individual and integrated into the biography.

1) Motivation, pre-decisional

Motivational stage

Users assessed the severity of the issue by comparing it to their own pre-existing experiences. IP did
not reflect on the relevance or validity of their perceived symptoms and experiences — they took for
granted that both were real and valid. If the symptoms were perceived as less severe and comparable
experiences were available in the user’s biography, the sensation was described as manageable.

Yes. I have that once in a while. I don't even know where that comes from. I also
think that it's possibly one of those things that kind of comes from stress, 1
definitely feel like that. And because I just never knew what it was, but I also knew
that it would go away again, so because I had it before, as I said, I just looked it
up in the app once. (NT45,120).

At times, when individuals couldn't find relatable experiences from their own health history or
perceived the issue as more severe, they expressed negative emotions like fear or shock.

[...] In the end, it was a migraine attack. But I didn't think about it at that moment,
I was shocked at first. (NT39, 28)

Trust in the app also played a role in the decision to use it, as the following excerpt illustrates. The
same IP continued to elaborate how trust in the app competed with trust in health care professionals:

But, yes, because I couldn't describe my problem in detail - I didn't trust the app so
much at that moment- , it was important for me to go to the doctor quickly,
because I knew, okay, there are important things that I couldn't tell the app, and
then that would explain the diagnosis, so to speak. (NT41, 265-269)

Context of app use

IPs reported on different contexts in which they considered to use the app. The most commonly
reported context was the occurrence of a health-related complaint. They first reflected on whether the
symptom was even ‘real’ — meaning if they just imagined them or if the perceptions really
represented an issue worth dealing with. They compared the symptom with their health-related
experiences and biography and tried to make sense of what was happening to them:
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Yes, I also clearly had chest pains. I mean, at that point I was already asking
myself: Okay, to what extent is this happening now? But I mean, then I lay there
and I had the feeling and thought: Yes, come on - so it was already real for me at

that moment. (NT47,19)

Users also reported being motivated to use the app by health-related complaints of others. One user
reported that she uses the app for her family. She said she was more resistant to possible anxiety than
her family, who she described as prone to hypochondria.

I: And what made you decide to [use the app] for [your daughter] and not with
her?

Interviewee: That I wanted to check it out first ... My husband is a bit of a
hypochondriac and so is my child. So when I sort of poke them, or it could be
something dramatic, then I always don't know what will come of it. That's why I
did a pre-check for myself first. (NT21; 201-206)

Health system accessibility or formal requirements because of their work further influenced users’
motivation to take health-related actions:

IP:[...] It [...] is also one of the reasons why you don't like going to the doctor so
much, is that it is hard to get an appointment with such specific doctors somehow.
Especially a dermatologist or something like that, you have to wait two or three
months and then you usually let it drop.

I: So access to a doctor or to care plays a role for you?

IP: Yes. Yes. I think if I knew, okay, I'm going to get an appointment in one, two,
three weeks, then I'd be more likely to have something like that checked out.
(NT41, 257-264)

2) Volition, Intention formation (Pre-actional)

Purposefully initiating SCA interaction

The motivational process described above led to a planning stage for health-related behavior. Users
enumerated three distinct motifs when planning to use the app: 1) To understand and validate one’s
condition, 2) to receive recommendation for further actions and 3) to communicate and document
health-related issues.

Understanding and validating one’s condition
Users were interested in understanding their condition. The app provided an opportunity to find more
information. Information seeking was described as one way to deal with the complaints.

[...] I see [the app] as a first aid, first source of information, where you can think
about [...]: What do I do now? Then I can take a look or maybe I think again:
What do I do now? [...] so as [...] again to update the normal knowledge that you
have as a non-medical person. (NT37, 62)

Finding a clear cause also drove the users and induced HRB.

I woke up with 39 and something degrees. And of course I opened the app again
and entered my symptoms, just to see [...] what it was saying now. [...] Yes, then I
knew ... Okay, these are clearly the symptoms. Which of these is now Corona,
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which is maybe something else. Yes, I can still remember, [...] that I was lying in
bed suffering and had the app open. (NTO05, 31)

Sometimes users described that an element of surprise was needed to find an explanation of their
complaints. They admitted that they were not aware of all possible causes of their condition. The
ability to surprise was attributed to both doctors and the app as external information sources.

Maybe it's (what is needed to accept a diagnosis) a “click” moment that you didn't
realize before. As an example, maybe a doctor or a diagnosis app asks a question
[like: Does it get worse when it’s cold] and then you think to yourself: Ah, yes,
when I think about it, it does get worse when it's cold, or whatever. (NT24, 73)

At other times, users already had a suspicion of their own, which could be verified by the HRB.

[...] I also have migraines and sometimes I can't quite identify whether it's a
migraine or a headache. And the app often helps me and then I can practically
distinguish: OK, do I treat it like a headache now or do I treat it like a migraine
now. (NT41, 94)

In summary, the purpose of gathering information was to add to one’s own knowledge about the
condition and to actively seek out validation of one’s subjective impression.

Receive recommendation for further actions
Besides collecting more information about one’s condition, users stated wanting to receive options
for further health-related actions to improve their condition.

What were the first experiences? [...] I used the feature best or most, simply these
suggestions about which therapies you can take for which symptoms. And so 1
always looked here again to see what the app actually recommends. (NT44, 7)

Even if the app was primarily used for information gathering, the recommendations were perceived
and considered.

[...] I looked to see what information was available if I somehow ... well, with
children there's always something. And then I just thought the app was so good,
because sometimes they had a few other tips. And then I just looked to see what

one says, what the other says. [...] It was always a push in the direction: ‘I should
go to the doctor’ (NT21, 35)

Users also typed in symptom combinations several times to see if anything changed in the app’s
output.

Well, of course I also had accompanying symptoms during the heart rhythm
disturbances. So sometimes trembling or high blood pressure, but some of it was
only temporary. I then sort of started to play with that. I added the symptom once

and indicated it and left it out once to see what it recommended. Because the
option of selecting that a symptom only occurs temporarily or is concomitant, only
temporarily, is not available in the app. And then I wanted to play around with
what would come out in the end if I indicated this and didn't indicate it. But apart
from that, the reason was ... I gave everything I had and always answered the
questions truthfully. (NT19, 278-287).

If the sense of medical urgency was very high or life-threatening, app use was explicitly excluded.
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One participant described such a hypothetical scenario:

If I somehow had symptoms of a heart attack or something like that, then I would
probably call the ambulance service directly and not look on the app to see if I
really had a heart attack or if I was bleeding to death or something like that.
(NT49, 112)

Communicate and document health-related issues
Users documented their own symptoms in the app.

It was recommended to me a long time ago to track symptoms, just to keep a diary
of symptoms [...]. (NT31, 13-19)

The app was also used to prepare for a visit to health care professionals. In that context, the

documentation contained in the app was primarily used for the orderly and rapid presentation of
complaints.

So I can already describe my state of health more specifically than if I hadn't
inquired beforehand. (NT06, 97)

3) Volition, Intention implementation

Integrating personal, social and digital resources in SCA interaction

To implement the purpose of the initiated action, users integrated different resources into their
behavior. One example leading to a health care visit is given by IP NT41 below:

My doctor didn't tell me that [oral iron supplement pills] could have side effects.

And then I had discolored feces and abdominal pain and all sorts of things for a

week or two. [...] So I used the app and then I googled it and then I think I also

talked to a friend about it. (00:04:27) She was like: Hey, maybe it's from the iron

tablets. And then I realized that it was the iron tablets. And then I stopped taking

them and then I talked to my internal medicine physician and she was like: Yes ...
And prescribed me other iron tablets. (NT41, 34)

Personal resources

Personal resources were provided by biographical reference points, such as previous experiences,
special knowledge from one's own professional activity or skills. As soon as the purpose of the action
was determined in the pre-actional phase, personal resources were factored into the user's action.
Users described certain skills that they used in the process, but also a sense of self-efficacy. If enough

personal resources were available, users could actively decide against the app’s recommendation, as
the following example shows:

And then I entered that [the symptoms]. The app said it could be a torn ligament
or a fracture and that I should go to the emergency room. And then I thought: [...]
I don't know how I could have broken any bone in the way I was walking. For me,
the ligaments were more plausible. [...] I've had it before, so I already had a bit of
experience of what it's like. And then I thought: OK, the app says one thing, but I'll

just look at it again in two or three days and see how it develops. (NT42, 58)

Social Resources

Users also intentionally and purposefully sought out social resources. Friends and family were
attributed a role in understanding and responding to complaints.
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[...] I once suspected a stroke and then I was at home and had a reduced field of
vision and thought: What is this? But that was before I knew about these apps. And
of course I immediately called a friend and said: What could this be? What is that?

And she said: Make sure you have it checked out the next day. (NT21, 309-313)

Health care professionals such as physicians were attributed a special role: A visit to a health care
professional was seen as mandatory to obtain a final validated diagnosis or to obtain health care
services such as a sick leave or a prescription. The interactions with physicians were mostly
intentionally made by the users if other resources were depleted or did not improve their situation.

And I had then already contacted my family doctor anyway, just from the fact that [
also need a sick note [...] Of course, if this [the symptoms] were to last longer, the
app would be of no use to me in the end, then I would have to go back to the
neurologist or [...] the family doctor. (NT39, 14)

The only social resource with physical access to the users’ body were physicians, as they could
perform physical examination.

And then I went there [to the General Practitioner], described it again and showed
it. Then [...] [she] turned the [painful arm] in different directions and said that no
part, neither the forearm nor the upper arm muscle, is daffected in any way. That
comes in any case, exactly, so from the tendons [...] And then I just said: yes, [the
complaint comes] from climbing [...] And then she said: how much do you climb?
So if you don't climb four hours a day, it's very unlikely that it comes from that.
(NT31, 175-176)

Reviewing the input and results together with health care professionals, e.g. a GP, was mostly
described hypothetically. The prospect of discussing app results with their GP, however, was seen as
beneficial by the users.

[...] what I would like is when you come to the doctor and say: I assume that I
have this because I googled it or found out on an app. That he then says: Yes, what
symptoms did you enter? Or: How did you then come up with this result? [...]So
that he then, I don't know, doesn't have to start again with Adam and Eve, but that
he can already inquire more intensively. (NT06, 49)

Mostly, users made a conscious decision to leave the app out of the social context of health care.
They expected a negative impact on patient-doctor relationships.

I: Did you also mention there (at the GP) that you used the app?

IP: No, because I have the impression that doctors tend to react badly to this.
Because then, they always like to say Dr. Google [...] and the topic has a bit of a
bad reputation. (NT07, 112)

Digital and technological resources

The app and search engines were seen as competitors in the same category with distinct advantages
and challenges. Search engines were mainly used as a supplement to obtain information that was
missing in the app.

[...] when you're constantly googling, sometimes very worrying answers come up
and you can also enter a lot of specific things in the app and it's just more
practical and you somehow feel, how should I put it, the diagnosis somehow feels
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more trustworthy than through Google (N1-41, 6-13)

[...] I missed in the symptom checkers, that you somehow get such a tip, such old
home recipes, [...] belly compress or something, and then such a guide to it. [...] I
then thought: [...] now I'm googling, what can one do, yes, perhaps with a
homeopathic approach. Because that's what I was missing (NT21, 118)

In contrast to app use, users found search engines overwhelming when they tried to check their
symptoms there.

[Referring to searching complaints with internet search engines] In principle I
never really figured it out, because there were 10, 15, 20 possibilities, and 1
couldn't really assess it at all. Really. (NT19, 53-57)

Other technological resources and devices, such as users’ wearable devices or imaging procedures in
the hospital exist alongside the app. Devices able to monitor and measure bodily functions were
described as decisive and important factors that can contribute to a decision.

I [...] always measured the blood pressure. And even my [smartwatch], which is so
clever, then recognized that there is a heart rhythm disturbance, at times. That
time, it showed a rhythm disturbance. [...] Then I thought: Okay, now I have to go
to the doctor. (NT19, 138)

User experience and usability features of the app were discussed. For example, the chatbot-based
approach with questions asked to be answered by the user was both perceived as helpful and as
limited. Users missed the opportunities to clarify their input, ask questions or to address their own
uncertainty and ambiguity.

[...] I would have put it (a surprising app-result) down to the fact that the app
didn't really understand me, [...] because I somehow couldn't really convey exactly
what I wanted to say on the basis of the questions and the selection options. [...], [

would have said: OK, it just misunderstood me. (NT37, 68)

According to the users, affinity to technologies played a role in the use of the app.

Yes, for my mum, for example, I use it (the app) quite often, because she's not that
into the internet and apps and stuff. (NT41, 73)

4) Evaluation
Transforming results of the interaction into health-related experiences

Once the health-related behavior had been executed, a comparison was made as to whether the
intention of the action had been fulfilled. Whether the app’s results represent an actual diagnosis was
negotiated individually by each user. Users described having difficulties accepting the app results
depending on the topic and their own interpretation of the results. If the two diverged too drastically,
they were at a loss and saw potential problems in understanding or misinterpreting the given
recommendations.

I think the app always told me: stress and mild depression or something like that. [
didn't feel that stressed, but yes, I think that was the thing. [...] I read through it,
but then I thought: Well, I still don't know exactly what's going on. (NT137, 20-24)

Concerning recommendations especially, users critically evaluated the app’s output. How they
reacted to it depended on the intended purpose of the action, the user and the context in which the
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assessment took place.

I was a bit shocked that [the app] now sends someone directly to the emergency
room (with the app result tonsillitis). Because I work for a health insurance
company [...] and I find it a bit exaggerated that patients are sent so quickly to the
emergency room. They are so overloaded at the moment. (NT39, 12)

Users reported that they were reassured by validated external information about their condition. The
app sometimes could provide such reassurance.

It's a bit like this: Is it true now? Of course, we are aware, especially with this
vaccination, that the side effects come from the vaccination. But somehow it's still
like that: Yes, you feel safer and somehow more confirmed, even if you only have it

in an app, but, yes, you are somehow more reassured. (NT41, 82)

On the other hand, users also found the app results unsettling and misleading.

So it could really only be overstretched ligaments (user's suspicion), this fracture
(app result) made me a bit ... A bit scared at that moment. (NT42, 63)

Users acknowledged that having received information contributed to a learning process that affected
how they reacted to future symptoms:

I still have it on my mobile phone, I still like to look at it once in a while, even if
it's just to advance my knowledge a bit. And, yes, it has become ... I have found
that I look at it a little less, but also because I find that when things repeat
themselves in some way, you already know how you could react. (NT44, 37)

Discussion

Principal Results

The study's findings indicate that the use of SCA by medical laypersons is a multifaceted and
iterative learning process that involves individual motivational factors, contextual elements, and
interaction with digital, social, and personal resources. Both EHL and HL play a significant role in
this process. The subsequent discussion section addresses the three research questions.

1) How do users describe the process of using SCA for health-related
complaints?

The process of SCA can be described in four distinct steps (motivation, intention formation, intention
implementation, evaluation) [50]. These stages can be viewed as an iterative learning cycle that
generates health-related experiences, according to the constructivist paradigm [46]: During the
motivational stage, users negotiate app use depending on the context. If users choose to use the app,
they do so intentionally for three distinct purposes: Obtaining information and HISB, receiving
recommendations, and documenting and communicating health-related issues. The purpose
determines the strategy the user employs and the resources utilized to achieve it, including personal,
social and digital/technological resources. User’s experiences with SCA can influence their
motivation to use it in the future and how they incorporate it into their health-related behavior.
Making meaning plays a crucial role in this, as users try to understand their bodily perceptions and
symptoms[45]. This process aligns with the model proposed by Von Wagner which links HL. and
HRB and emphasizes the role of learning in HL. [20]. The study highlights that the use and evaluation
of SCA in line with the dynamic concept of HL, varies over time and is dependent on the context and
purpose of use[16-19]. This poses a challenge when researching SCA [2, 8, 31].
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2) What are the entry points and possible outcomes of SCA use?

Entry points

Entry points were identified during the motivational / pre-decisional phase. They were influenced by
the context in which SCA use was considered [20]: In addition to the user’s own health needs,
situations involving the health needs of others were also relevant. Motivational determinants
included attentiveness towards symptoms, past experiences (biographic factors), confidence in one’s
health, trust in the app and one’s ability to respond to symptoms. Some of these factors for app use
were also identified by Aboueid and Meyer [2, 8, 10]. Accessibility of health care and availability of
social networks were described as external factors. Aboueid identified the lack of accessibility of
health care as an enabler of app use, while social influences were identified as a barrier [8]. In a
longitudinal journal study from the CHECK.APP, Wetzel et al found that the first occurrence of a
symptom and certain symptoms such as heart, skin or eye-related complaints increased the likelihood
of SCA use [35]. In the sample, IPs considered the abovementioned factors in their decision to use
the app, but did not specify whether they were facilitators or enablers. Although many of the listed
factors have been identified in previous research, their role in SCA use is ambiguous since they can
act as both barriers and enablers[1, 7, 34]. As both situational and individual factors shape when and
to what purpose SCA are used, the term ‘context factors’ seems much more appropriate than ‘barriers
and enablers’[1, 16, 17, 34].

Outcomes

Meaningful learning experiences

The most common outcome of using SCA as a digital information source and HISB is the act of
learning, which is difficult to measure[13]. This outcome is expressed through the purpose of
understanding one’s condition, based on users’ need for more information. Users already have
predefined concepts about their condition in mind when planning their course of action. Therefore,
they also want to validate these concepts by gathering information. In a substudy of the CHECK.APP
project by Wetzel et al it was found that SCA were the least important for HISB in the general
population. The subsample of active SCA users reported that internet use and consulting a physician
were more important for HISB than SCA[3]. In the study by Meyer et al, the majority of SCA users
stated that they used SCA to understand the cause of their condition and found the information they
received useful[2]. During the evaluation stage, users consider the extent to which the information is
meaningful and influenced HSB is considered in the evaluation stage. They base their evaluation on
their experiences with SCA use and the health-related actions, and determine whether the intended
purpose was fulfilled and whether meaningful learning experiences were generated[40, 46].
Health-related behavior

Another type of outcome is health-related behavior, which is planned in the intention formation stage
and implemented in the following stage. The actions described in the intention implementation stage
relate to measurable HRB, such as visiting a health care professional or seeking advice from friends
or family [20]. Depending on the purpose of app use, two types of behavior can be distinguished in
this category:

As a result of using SCA for the purpose of receiving recommendations for further action (b), such
recommendations are generated. This occurs frequently: In Meyers sample, the purpose ranked
second among SCA users [2].

Our IPs then considered whether to follow app recommendations or not thoroughly. If the
recommendations do not align with user’s concepts and expectations, they are sometimes discarded
as unrealistic. However, this mismatch between concept and recommendation can also cause anxiety
and create the need for more information or confirmation by healthcare professionals [33-35]. Turner
also observed the rejection of app recommendations, especially if they were given in a context where
the action could not be implemented (eg out-of-hours) [51]. Verzantvoort et al found that users
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intended to follow app advice if the advice was to contact their GP during the daytime (75%) and
practice self-care (67%) [40]. If the concept and recommendation align or if users are very anxious
or surprised about the result, a visit to healthcare professionals is a possible outcome.

In order to better understand this behavior, a dialogue option could be implemented in SCA: “Have
you followed my recommendation?” and whether or not further resources such as health care
professionals were contacted. That way, not only symptoms could be traced but also user behavior
and impact of SCA in health care utilization.

Communicating and documenting health-related information (c) serves users’ need to structure their
experiences and to prepare for contacts to healthcare services. This sets up SCA as a possible
interface between the user and health care services. This purpose and possible use in health care has
not been described yet, apart from the CHECK.APP project[34]. SCA can increase patient autonomy,
as other research has postulated [39]. However, users specifically exclude telling their doctors about
the SCA usage.

According to our sample, direct communication with HC professionals over app results and app does
not happen. Aboueid found that attitudes towards physicians and the health care system may impact
app usage [8]. Meyer reported that only about 50% of patients using SCA consider informing their
physicians about their SCA usage [2]. The present study indicates that users may share the output of
the app including given recommendations or probable diagnoses. However, they are less likely to
inform their physician that they used a SCA to generate these results.

Further research is needed to explore ways to facilitate open communication between health care
professionals and SCA users. The quality of the communication and its contents are suggested as
measures for this outcome.

Satisfaction with app use

Finally, satisfaction with the use of the app is an outcome expressed in the evaluation stage. It is
related to the intended purpose and the two aforementioned outcomes: health-related behavior and
learning. Therefore, satisfaction with SCA is a complex outcome that includes the user experience
with the app, health-related behavior and learning[36, 40].

Satisfaction resulting from app use depends on how well the users perceive the SCA’s alignment with
their needs, expectations and intended purpose. Users become insecure and sometimes dissatisfied
with the app when their concept does not match the output. This association with user satisfaction
indicates that users’ expectations also play a role in how they validate the app [40]. In a substudy of
the CHECK.APP project, Miiller distinguished between user expectations and motivations for app
use and found that these factors play a role in SCA use [34]. In fact, according to Kopka’s sample,
33% of SCA users reported that SCA’s usefulness varied [52]. Turner et al conducted a study on an
online SCA and found that users were dissatisfied with SCA, because too little information on about
what to do themselves was given [51]. From their point of view, the outcome did not fit their
intended purpose. This should be critical in first-time users, but can also influence how users validate
the app over time[52].

This indicates that simply measuring a single outcome of app use may be a shortcoming of previous
research as it ignores the context of use and the intended purpose. SCA apps provide a wide range of
potential services that are integrated into a complex network of resources [2, 4, 6, 8, 9, 36].
Therefore, researchers and developers must consider to address the intended purpose of use,
expectations, and specify the desired outcome.

3) How are eHL and HL expressed during the use of SCA?

he main finding of this study is that both eHL and HL are present throughout every stage of the
complex process of SCA use. However, different aspects of these concepts are relevant for different
stages. Therefore, we will discuss the expression of eHL and HL in relation to the stages of the SCA
use process below.
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Motivational stage

During the motivational stage, users are primarily motivated by the presence of a health-related issue
and the context in which it arises. The user’s abilities, as defined in the concept HL, are available as
personal resources, but their application is shaped by the context[16, 17]. The descriptions of these
skills by the IP’s can also be conceptualized as self-efficacy and self-care, which are interlinked with
HL[24]. In a substudy of the CHECK.APP project, Wetzel et al found that, unlike eHL, self-efficacy
could be a determinant of app use — however, a sensitivity analysis revealed that the initial
correlation was not viable. Kopka et al found that individuals who perceived SCA as useful had
higher self-efficacy [12, 52]. This ambiguity can be resolved by considering the context of use as an
additional factor. Some symptoms may be more alarming than others and may exceed the available
skills of even those with high HL [35].

Trust in apps, or the lack thereof, plays a role at the motivational stage. Regarding eHL, the IP in our
sample positioned themselves as having high technical knowledge and the ability to critically
appraise app output (eHL). They trust the app, but also their HL skills. This is consistent with the
observation made by Kopka et al [33]: Users with high eHL are more likely to trust SCA, possibly
because they have higher confidence in their ability to critically evaluate app output. Conversely,
lack of trust has been identified as a factor in intentional non-use [3]. Neither technology affinity nor
eHL are predictors that differentiate SCA users from non-users [12]. Aboueid identified different
technology affinity profiles as a predictor of future app usage for self-triage[11]. Both technology
affinity and trust represent attitudes rather than skills. They shape expectations and motivation to use
apps but are not predictors[34].

In summary, the skillsets defined in HL. and eHL, as well as context factors influence how the
motivational stage unfolds [16, 17].

Intention formation

SCA can serve as both an information source and a tool for shaping one's HRB. Navigating digital
tools for information gathering and evaluating this information is related to eHL. Applying the
information to one's behavior and learning from it is more closely related to HL [20, 21, 40].
Therefore, planning to use SCA relates to both eHL and HL [13, 18].

Users with high HL. may anticipate the app’s output and choose not to use it or only use it for
information gathering and HISB. Additionally, users may experiment with different inputs to observe
changes in the output. This demonstrates the interconnection between HL and eHL during the
intention formation stage. Users understand the inner workings of the app (eHL) and plan to use it to
satisfy their information needs, but do not intend to actually follow its advice (HL) [13, 53].
According to Kopka et al, users are more easily be persuaded to follow app recommendations when
they are ambiguous or unsure about their own decision. This aligns with IP’s self-reports that they
are less inclined to follow the app’s recommendation if they feel their condition is critical or if the
recommendation significantly differs from their own concept (e.g., recommending to seek
emergency help when users feel perfectly healthy). Additionally, using apps to communicate about
symptoms connects the concepts of eHL and HL to a social context in healthcare[14, 15].

Intention implementation

Users apply various resources related to eHL and HL to achieve their intended goals.

Personal resources, such as the ability to assess one's health and navigate the healthcare system (HL),
critically evaluate information across different platforms, or use and comprehend digital applications
(eHL), are essential for SCA use [13, 17-19]. In our sample, users expressed confidence in their eHL
skills, including media literacy, information literacy, and computer literacy. However, the extent to
which they utilized these skills depended on their purpose and the availability of other resources.

The demand for applying interactive health literacy is not met by SCA because it does not allow for
direct communication with others in a social context. This is particularly evident when users seek to
validate their own ideas about their condition or receive recommendations for actions. In such cases,
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users may seek out social resources and discuss their condition with friends and family. Alternatively,
they may present the app results to a healthcare professional without disclosing their use of the app.
This demonstrates that users extend the app’s use to other contexts, integrating those contexts into
their overall user experience [20, 50]. This study demonstrates that HRB can transition from digital
interaction to social interaction in the context of SCA use. This finding aligns with Edwards’ concept
of distributed health literacy [29], highlighting the importance of social networks in realizing the
benefits of SCA. Real-life interaction can provide what the app interaction lacks. The ability to
actively listen, notice and respond to emotional nuances, provide support, and express understanding
for the person's situation is also important. According to Wetzels observation, SCA users still refer to
friends, family and physicians for HISB, albeit to a lesser extent than non-users[3]. Future research
in ethics and social sciences will reveal the impact of large language models that mimic empathic
responses and conversations on the use of SCA. Preliminary data suggests that such models may
enhance the SCA experience [54].

IPs consider SCA as one of the many available digital resources available today. According to users,
the app asks dichotomous questions, leaving them with a feeling of not being able to tell their whole
story, address ambiguity, or ask questions themselves [40]. However, SCA offer a more personalized
experience than internet searches[8], which remains a core component in HISB, even in SCA
users[3]. The personal resources that enable users to utilize the app and apply its results also impact
the integration of other digital resources into their HRB [13]. Therefore, there is potential in
enhancing interoperability between different technologies such as wearables and apps.

Evaluation

The app's results, whether they provide information or recommendations, may challenge users' pre-
existing concepts regarding health-related issues. The extent to which users follow these
recommendations depends on their preconceived notions about their condition, their expectations for
its resolution, and their ability to cope with uncertainty, which is related to HL [18, 34].

Users evaluate whether the app results align with the severity of their condition, their expectations of
the appropriate course of action, and past experiences. This evaluation requires critical health literacy
[18]. If users feel uncertain due to app use, they may need to contact others, such as healthcare
professionals or their social network, for additional validation outside the app. Individuals with high
levels of hypochondria [12] or anxiety [52] may be considered vulnerable groups in this context,
particularly if they have low self-efficacy and health literacy and lack access to social or healthcare
resources.

For the IP, SCA serve as an interface between information gathering [3, 8], learning and sense-
making [2, 45] and interaction with the healthcare system [3, 41]. In summary, the skillset necessary
for meaningful interaction with SCA in the context of healthcare services is best described using eHL
and HL. Together with contextual factors, both models can provide a deeper understanding of the
dynamic mechanisms underlying SCA use.

Implications for health care and research in regard to SCA use

Overreliance on user’s HL and eHL results in wasted potential[10]. The findings of this study support
the idea that for the implementation of SCA in healthcare, transparency is crucial [2, 32]. The lack of
transparency and reliance on user’s HL and eHL are a design flaws in SCA, which, from a legal
standpoint, only present information to be interpreted by the user who provided the input. In a worst-
case scenario, users may feel isolated and insecure [1, 7]. If the app was designed as a
communication tool between physicians and users, such as in teleconsultations, their potential as
symptom trackers and decision aids for both user groups could be realized in a safe setting. Users’
insecurities could be discussed with a health professional and possible harm, such as health anxiety,
could be reduced.

The skillset provided by eHL and HL might be the reason why users are able to use SCA to their
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health benefit at all despite SCA's questionable diagnostic accuracy [4, 31, 55]. A pure cause-and-
effect relationship, as suggested by its user interface principle (input - algorithm/Al - output), is
prevented by users' HL, self-efficacy, and self-care. Satisfaction with app use is influenced by users'
HL, context, and experiences[20, 34, 36, 40]. SCA development and research should take into
account user expectations, context of use, and the need for social interaction.

Our study has uncovered phenomena that require further investigation in the future. These include
SCA use in various social settings [40]. Our results demonstrate that users apply SCA much more
frequently for family and friends than previously assumed. Different technological resources, such as
wearables, other applications and internet searches were perceived as possible contributors to the
three purposes by the IP. Thus, research on the topic should consider the entire landscape of digital
resources and their interoperability.

Limitations

Experience-based research is limited to the information that interview participants are willing to
share about themselves. It is not possible to directly observe the psychological processes that occur
in someone's mind. However, by collecting and synthesizing users' stories and perspectives, we were
able to describe a general process. The Rubikon model helped us to organize the stories coherently
and with a focus on motivation.

It is important to critically evaluate the method and sample used. It should be noted that even in our
sample of predominantly Caucasian, well-educated female users, each individual had their own
perspective on how the app fulfilled its purpose in the described contexts. While a general process
could be derived, the outcomes were highly dependent on the user. Additionally, the results are
primarily applicable to the context of the German healthcare system and can therefore only be
transferred to similar healthcare systems, which is a common challenge in SCA research[31].

Our sample consists of predominantly very reflective individuals with presumably high health
literacy. This may limit the applicability our results to individuals with less health literacy. We can
neither make assumptions about or extend our findings to marginalized groups excluded from app
use [37, 56]. The IP's reflectivity level provided insight into how health literacy relates to HRB in
SCA users. The sample represents the most common characteristics of SCA users. [1, 3].

The integrative basic procedure method is not yet widely used and, like all qualitative procedures,
requires attentiveness to quality. We applied the principle of member-check, presenting our findings
to our interview partners, who supported us in the description presented above. Additionally, we used
a variety of validated techniques to enhance trustworthiness in qualitative research. It is important to
note that this study has limitations, including a focus on just one app. While we believe to have
extrapolated generalizable information, it is possible that other apps may have different user
experiences and human-app interactions. Additionally, due to the pandemic, the interviews were
conducted online via videoconferencing software. It is possible that conducting in-person interviews
could have attracted different interviewees and revealed additional information due to the different
setting.

Conclusions

In our qualitative interview study, we could demonstrate that from SCA users’ perspective, a simple
cause-and effect relationship between symptoms and SCA use is unlikely, at least in individuals with
high (e-)health literacy. Rather, SCA use is described as a complex cyclic process. Context-
dependent and biographical factors, as well as the dynamic concepts eHealth and Health Literacy are
expressed in users’ description.

According to our limited sample, SCA are used for three distinct purposes (understanding one’s
condition, getting recommendations for action, communicating on and documenting health-related
information). Each purpose warrants its own planning, implementation and evaluation in HRB. Each

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

purpose may be implemented using different personal, social and technological resources.

SCA have shortcomings in needs relating to interactive health literacy. Users seek external validation
of app findings in their social networks and professional health care services. However, they have the
potential to become an interface between user and health care services. This potential is not realized,
which should be a design goal for their continued development.

Acknowledgements

This study was funded by the federal ministry of education and research (grant no. 01GP1907A).
The sponsor had no influence in the study design, data collection, its analysis or interpretation. RK
drafted the manuscript together with MTS. MK, RM, RK and AJW performed the interviews. CP
gave vital methodological input for analysis. MTS, RK, AJW, MK and CP met regularly in multi-
disciplinary methodologic workshops which were led by CP. We thank several of our interview
partners (who will remain anonymous due to privacy reasons) for their contribution to the member
check workshop in which the above results were presented to and discussed with our participants. All
listed authors revised the manuscript. This process was coordinated by RK. All authors approved the
final manuscript draft before submission.

Conflicts of Interest

none declared.

Abbreviations

CHECK.APP: “Ethical, Legal, and Social Implications of Symptom Checker Apps in Primary Health
Care”

eHL: eHealth Literacy

HISB: Health Information-seeking Behavior

HL: Health Literacy

HRB: Health-related Behavior

IFAS: Institute of Applied Social Science

IfEHM: Institute of Ethics and History of Medicine

IGPIC: Institute of General Practice and Interprofessional Care
IP: Interview Partner

SCA: Symptom Checker Application

UKT: Tiibingen University Hospital

Multimedia Appendix 1

Interview guideline.

References

1. Miiller R, Klemmt M, Ehni HJ, Henking T, Kuhnmiinch A, Preiser C, et al. Ethical, legal, and
social aspects of symptom checker applications: a scoping review. Med Health Care Philos. 2022
Dec;25(4):737-55. PMID: 36181620. doi: 10.1007/s11019-022-10114-y.

2. 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. PMID: 32012052. doi:
10.2196/14679.

3. Wetzel AJ, Koch R, Koch N, Klemmt M, Muller R, Preiser C, et al. 'Better see a doctor?'

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

Status quo of symptom checker apps in Germany: A cross-sectional survey with a mixed-methods
design (CHECK.APP). Digit Health. 2024 Jan-Dec;10:20552076241231555. PMID: 38434790. doi:
10.1177/20552076241231555.

4, Wallace W, Chan C, Chidambaram S, Hanna L, Igbal FM, Acharya A, et al. The diagnostic
and triage accuracy of digital and online symptom checker tools: a systematic review. npj Digital
Medicine. 2022 2022/08/17;5(1):118. doi: 10.1038/s41746-022-00667-w.

5. Schmieding ML, Kopka M, Schmidt K, Schulz-Niethammer S, Balzer F, Feufel MA. Triage
Accuracy of Symptom Checker Apps: 5-Year Follow-up Evaluation. J Med Internet Res. 2022 May
10;24(5):e31810. PMID: 35536633. doi: 10.2196/31810.

6. Semigran HL, Linder JA, Gidengil C, Mehrotra A. Evaluation of symptom checkers for self
diagnosis and triage: audit study. BMJ. 2015;351:h3480. doi: 10.1136/bmj.h3480.

7. Pairon A, Philips H, Verhoeven V. A scoping review on the use and usefulness of online
symptom checkers and triage systems: How to proceed? Frontiers in Medicine. 2023 2023-January-
06;9. doi: 10.3389/fmed.2022.1040926.

8. Aboueid S, Meyer S, Wallace JR, Mahajan S, Chaurasia A. Young Adults' Perspectives on the
Use of Symptom Checkers for Self-Triage and Self-Diagnosis: Qualitative Study. JMIR Public
Health Surveill. 2021 Jan 6;7(1):e22637. PMID: 33404515. doi: 10.2196/22637.

9. 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 1;7(2):e13445. PMID: 31042151. doi: 10.2196/13445.

10. Aboueid S, Meyer SB, Wallace JR, Mahajan S, Nur T, Chaurasia A. Use of symptom
checkers for COVID-19-related symptoms among university students: a qualitative study. BMJ
Innov. 2021 Apr;7(2):253-60. PMID: 34192014. doi: 10.1136/bmjinnov-2020-000498.

11. 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. PMID: 34731217. doi:
10.1371/journal.pone.0259547.

12. Wetzel AJ, Klemmt M, Muller R, Rieger MA, Joos S, Koch R. Only the anxious ones?
Identifying characteristics of symptom checker app users: a cross-sectional survey. BMC Med
Inform Decis Mak. 2024 Jan 23;24(1):21. PMID: 38262993. doi: 10.1186/512911-024-02430-5.

13. Norman CD, Skinner HA. eHealth Literacy: Essential Skills for Consumer Health in a
Networked World. J Med Internet Res. 2006 Jun 16;8(2):e9. PMID: 16867972. doi:
10.2196/jmir.8.2.e9.

14.  Levin-Zamir D, Bertschi I. Media Health Literacy, eHealth Literacy, and the Role of the
Social Environment in Context. Int J Environ Res Public Health. 2018 Aug 3;15(8). PMID:
30081465. doi: 10.3390/ijerph15081643.

15.  Nutbeam D, Lloyd JE. Understanding and Responding to Health Literacy as a Social
Determinant of Health. Annu Rev Public Health. 2021 Apr 1;42:159-73. PMID: 33035427. doi:
10.1146/annurev-publhealth-090419-102529.

16.  Parker RM, Ratzan S. Re-enforce, Not Re-Define Health Literacy—Moving Forward with
Health Literacy 2.0. Journal of Health Communication. 2019 2019/12/02;24(12):923-5. doi:
10.1080/10810730.2019.1691292.

17.  Parker R, Ratzan SC. Health Literacy: A Second Decade of Distinction for Americans.
Journal of Health Communication. 2010 2010/08/31;15(sup2):20-33. doi:
10.1080/10810730.2010.501094.

18.  Nutbeam D. Health literacy as a public health goal: a challenge for contemporary health
education and communication strategies into the 21st century. Health Promotion International.
2000;15(3):259-67. doi: 10.1093/heapro/15.3.259.

19.  Parker R. Measuring Health Literacy: What? So What? Now What? In: (US) RoHLIoM,
editor. Measures of Health Literacy: Workshop Summary. Washington (DC): National Academies
Press (US); 2009. p. 91-102.

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

20.  von Wagner C, Steptoe A, Wolf MS, Wardle J. Health literacy and health actions: a review
and a framework from health psychology. Health Educ Behav. 2009 Oct;36(5):860-77. PMID:
18728119. doi: 10.1177/1090198108322819.

21.  Neter E, Brainin E. Association Between Health Literacy, eHealth Literacy, and Health
Outcomes Among Patients With Long-Term Conditions. European Psychologist. 2019;24(1):68-81.
doi: 10.1027/1016-9040/a000350.

22.  Paasche-Orlow MK, Wolf MS. The causal pathways linking health literacy to health
outcomes. Am J Health Behav. 2007 Sep-Oct;31 Suppl 1:519-26. PMID: 17931132. doi:
10.5555/ajhb.2007.31.supp.S19.

23. Xie L, Zhang S, Xin M, Zhu M, Lu W, Mo PK. Electronic health literacy and health-related
outcomes among older adults: A systematic review. Prev Med. 2022 Apr;157:106997. PMID:
35189203. doi: 10.1016/j.ypmed.2022.106997.

24.  Lee E-H, Lee YW, Moon SH. A Structural Equation Model Linking Health Literacy to Self-
efficacy, Self-care Activities, and Health-related Quality of Life in Patients with Type 2 Diabetes.
Asian Nursing Research. 2016 2016/03/01/;10(1):82-7. doi:
https://doi.org/10.1016/j.anr.2016.01.005.

25.  Stormacq C, Van den Broucke S, Wosinski J. Does health literacy mediate the relationship
between socioeconomic status and health disparities? Integrative review. Health Promot Int. 2019
Oct 1;34(5):e1-e17. PMID: 30107564. doi: 10.1093/heapro/day062.

26. Stormacq C, Wosinski J, Boillat E, Van den Broucke S. Effects of health literacy interventions
on health-related outcomes in socioeconomically disadvantaged adults living in the community: a
systematic review. JBI Evid Synth. 2020 Jul;18(7):1389-469. PMID: 32813388. doi:
10.11124/jbisrir-d-18-00023.

27. Sgrensen K, Pelikan JM, Rothlin F, Ganahl K, Slonska Z, Doyle G, et al. Health literacy in
Europe: comparative results of the European health literacy survey (HLS-EU). European Journal of
Public Health. 2015;25(6):1053-8. doi: 10.1093/eurpub/ckv043.

28. Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health literacy and
health outcomes: an updated systematic review. Ann Intern Med. 2011 Jul 19;155(2):97-107. PMID:
21768583. doi: 10.7326/0003-4819-155-2-201107190-00005.

29. Edwards M, Wood F, Davies M, Edwards A. 'Distributed health literacy: longitudinal
qualitative analysis of the roles of health literacy mediators and social networks of people living with
a long-term health condition. Health Expect. 2015 Oct;18(5):1180-93. PMID: 23773311. doi:
10.1111/hex.12093.

30.  Fiske A, Buyx A, Prainsack B. The double-edged sword of digital self-care: Physician
perspectives from Northern Germany. Social Science & Medicine. 2020 2020/09/01/;260:113174.
doi: https://doi.org/10.1016/j.socscimed.2020.113174.

31.  Ilicki J. Challenges in evaluating the accuracy of Al-containing digital triage systems: A
systematic review. PLOS ONE. 2022;17(12):e0279636. doi: 10.1371/journal.pone.0279636.

32. Miller S, Gilbert S, Virani V, Wicks P. Patients' Utilization and Perception of an Artificial
Intelligence-Based Symptom Assessment and Advice Technology in a British Primary Care Waiting
Room: Exploratory Pilot Study. JMIR Hum Factors. 2020 Jul 10;7(3):e19713. PMID: 32540836. doi:
10.2196/19713.

33. Kopka M, Schmieding ML, Rieger T, Roesler E, Balzer F, Feufel MA. Determinants of
Laypersons' Trust in Medical Decision Aids: Randomized Controlled Trial. JMIR Hum Factors. 2022
May 3;9(2):e35219. PMID: 35503248. doi: 10.2196/35219.

34. Miiller R, Klemmt M, Koch R, Ehni H-J, Henking T, Langmann E, et al. “That’s just Future
Medicine” - a qualitative study on users’ experiences of symptom checker apps. BMC Medical
Ethics. 2024 2024/02/16;25(1):17. doi: 10.1186/s12910-024-01011-5.

35. Wetzel AJ PC, Miiller R, Joos S, Koch R, Henking T, Haumann H. “Do I really not need to go
to the doctor?” Unveiling usage patterns and predicting usage of Symptom Checker Apps: an

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

explorative longitudinal study. JMIR Preprints. 2023:07/12/2023:55161. doi: https://doi.org/10.2196/
preprints.55161.

36. Chambers D, Cantrell AJ, Johnson M, Preston L, Baxter SK, Booth A, et al. Digital and
online symptom checkers and health assessment/triage services for urgent health problems:
systematic review. BMJ Open. 2019;9(8):e027743. doi: 10.1136/bmjopen-2018-027743.

37.  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. PMID: 24434479.
doi: 10.2196/jmir.2924.

38. Knitza J, Muehlensiepen F, Ignatyev Y, Fuchs F, Mohn J, Simon D, et al. Patient's Perception
of Digital Symptom Assessment Technologies in Rheumatology: Results From a Multicentre Study.
Front Public Health. 2022;10:844669. PMID: 35273944. doi: 10.3389/fpubh.2022.844669.

39. Arellano Carmona K, Chittamuru D, Kravitz RL, Ramondt S, Ramirez AS. Health
Information Seeking From an Intelligent Web-Based Symptom Checker: Cross-sectional
Questionnaire Study. J Med Internet Res. 2022 Aug 19;24(8):e36322. PMID: 35984690. doi:
10.2196/36322.

40.  Verzantvoort NCM, Teunis T, Verheij TJM, van der Velden AW. Self-triage for acute primary
care via a smartphone application: Practical, safe and efficient? PLoS One. 2018;13(6):e0199284.
PMID: 29944708. doi: 10.1371/journal.pone.0199284.

41.  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. PMID:
34265845. doi: 10.1371/journal.pone.0254088.

42. Wetzel AJ, Koch R, Preiser C, Muller R, Klemmt M, Ranisch R, et al. 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 May 16;11(5):e34026. PMID:
35576570. doi: 10.2196/34026.

43. 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):1245-51. PMID: 24979285.
doi: 10.1097/ACM.0000000000000388.

44. Malterud K, Siersma VD, Guassora AD. Sample Size in Qualitative Interview Studies:
Guided by Information Power. Qual Health Res. 2016;26(13):1753 —60.

45.  Bruner JS. Acts of Meaning. Cambridge, Massachusetts

London, England: Harvard University Press; 1990. ISBN: 0-674-00361-6.

46.  Kolb DA. Experiential learning: Experience as the source of learning and development: FT
press; 2014. ISBN: 0133892506.

47. Kruse J, Schmieder C. Qualitative Interviewforschung: ein integrativer Ansatz. [Qualitative
interview research: an integrative approach]. Weinheim: Beltz Juventa; 2014.

48.  Davies B, Harré R. Positioning: The discursive production of selves. Journal for the theory of
social behaviour. 1990;20(1):43-63.

49.  McAdams DP. Narrative identity. Handbook of identity theory and research: Springer; 2011.
p. 99-115.

50.  Achtziger A, Gollwitzer PM. Motivation and volition in the course of action. In: J.
Heckmann, Heckkmann H, editors. Motivation and Action. 4 ed. Berlin Heidelberg: Springer Verlag;
2010. p. 310-35.

51. Turner J, Knowles E, Simpson R, Sampson F, Dixon S, Long J, et al. Impact of NHS 111
Online on the NHS 111 telephone service and urgent care system: a mixed-methods study. Health
Services and Delivery Research. 2021;9(21):1-148.

52. Kopka M, Scatturin L, Napierala H, Furstenau D, Feufel MA, Balzer F, et al. Characteristics
of Users and Nonusers of Symptom Checkers in Germany: Cross-Sectional Survey Study. J Med
Internet Res. 2023 Jun 20;25:e46231. PMID: 37338970. doi: 10.2196/46231.

53.  Neter E, Brainin E. eHealth literacy: extending the digital divide to the realm of health

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

information. J Med Internet Res. 2012 Jan 27;14(1):e19. PMID: 22357448. doi: 10.2196/jmir.1619.
54.  Ayers JW, Poliak A, Dredze M, Leas EC, Zhu Z, Kelley JB, et al. Comparing Physician and
Artificial Intelligence Chatbot Responses to Patient Questions Posted to a Public Social Media
Forum. JAMA Intern Med. 2023 Apr 28. PMID: 37115527. doi: 10.1001/jamainternmed.2023.1838.
55. Schmieding ML, Morgeli 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. PMID: 33688845. doi: 10.2196/24475.

56. Wang X, Luan W. Research progress on digital health literacy of older adults: A scoping
review. Front Public Health. 2022;10:906089. PMID: 35991040. doi: 10.3389/fpubh.2022.906089.

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

Supplementary Files

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

Figures

https://preprints.jmir.org/preprint/60647 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Koch et d

SCA app use process with eHL and HL domains marked out. The figure describes the path from an entry point (such as
noticing a health-related complaint) viaintention formation (influenced by motivational and volitional determinants) and
volition to health-related behavior as an outcome. The latter can take place in different contexts. The behavior, in turn, leadsto
new experiences that are evaluated by the individual and integrated into the biography.
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