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Abstract

Background: The national Omaolo digital social welfare and health care service of Finland provides a symptom checker,
Omaolo, which isamedical device (based on Duodecim Clinical Decision Support EBMEDS software) with a CE marking (risk
class I1a), manufactured by the government-owned DigiFinland Oy. Users of this service can perform their triage by using the
guestions in the symptom checker. By completing the symptom checker, the user receives a recommendation for action and a
service assessment with appropriate guidance regarding their health problems on the basis of a selected specific symptom in the
symptom checker. This allows users to be provided with appropriate health care services, regardless of time and place.

Objective: This study describes the protocol for the mixed methods validation process of the symptom checker available in
Omaolo digital services.

Methods: Thisisamixed methods study using quantitative and qualitative methods, which will be part of the clinical validation
process that takes place in primary health care centers in Finland. Each organization provides a space where the study and the
nurse triage can be done in order to include an unscreened target population of users. The primary health care units provide
walk-in model services, where no prior phone call or contact is required. For the validation of the Omaolo symptom checker,
case vignettes will be incorporated to supplement the triage accuracy of rare and acute cases that cannot be tested extensively in
real-life settings. Vignettes are produced from avariety of clinical sources, and they test the symptom checker in different triage
levels by using 1 standardized patient case example.

Results: This study plan underwent an ethics review by the regional permission, which was regquested from each organization
participating in the research, and an ethics committee statement was requested and granted from Pirkanmaa hospital district’'s
ethics committee, which is in accordance with the University of Tampere's regulations. Of 964 clinical user—filled symptom
checker assessments, 877 cases were fully completed with a triage result, and therefore, they met the requirements for clinical
validation studies. The goal for sufficient data has been reached for most of the chief symptoms. Data collection was completed
in September 2019, and the first feasibility and patient experience results were published by the end of 2020. Case vignettes have
been identified and are to be completed before further testing the symptom checker. The analysis and reporting are estimated to
be finalized in 2024.

Conclusions: The primary goals of this multimethod electronic symptom checker study are to assess safety and to provide
crucial information regarding the accuracy and usability of the Omaolo electronic symptom checker. To our knowledge, thiswill
be thefirst study to include real-life clinical cases along with case vignettes.
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Introduction

Background

Seeking information online regarding medical symptoms is a
common and well-known phenomenon worldwide [1-4].
According to a study in the United States, more than one-third
of the surveyed adults regularly used the internet for
self-diagnosis [5]. In another study, on average, 15% of the
people queried on general-purpose search engines about
symptoms associated with their conditions before receiving a
proper medical diagnosis [6]. However, self-diagnostic
web-based sources may be of varying quality, with misleading
information and possibly false advertising [7,8].

To addressthese problems, health care digital applicationshave
been introduced online, including self-diagnosing tools and
symptom checkers. Based on users' input of their symptoms,
applications such as Babylon GP at Hand, K Health, |sabdl,
Symcat, Everyday Health, Ada, and WebMD use algorithmsto
help identify the relevant medical condition. An evaluation
study of GP at Hand found that healthier individuals use
e-services more than others [9]. Studies have also found that
younger, highly educated people, and those with a higher
socioeconomic status use eHealth services more actively
[10-12]. Evidence on user behavior when using symptom
checkers indicates that 3 in 4 users in a sample of nearly 500
users comply and follow electronic symptom checker
recommendations, regardless of the urgency level [13]. One
study [14] found that users are overcautiousin deciding whether
they require medical care at al and they miss identifying a
considerable portion of emergencies. Further, women may be
more risk averse than men in both types of decisions. However,
users have mostly been satisfied with the electronic symptom
checkers they use [10,15-18].

Aswith clinical decision-making in general, symptom checker
guestionnaires and algorithms used are based on research
evidence, probabilities, and expert opinions as to whether the
condition described is mild and self-limiting or whether it
requiresthe intervention of a health care professional. In terms
of urgency, an assessment is made on how soon the condition
would worsen without treatment. For an accurate diagnosis, the
user provides information that is required, complemented by
clinical examinations, various diagnostic tests, and potential
consultations with other medical personnel [19,20].

Previous studies have evaluated the accuracy of electronic
symptom checkers for diagnosis and triage by using clinical
case vignettes [21-30]. Vignettes appear to be a valid and
comprehensive method that directly focuses on the process of
careprovidedin actual clinical practice[31]. Under experimental
conditions, the diagnostic accuracy of clinicians has been shown
to be superior to that of electronic symptom checker tools in
both primary and specialized health care [21-23].
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Studies have shown that there are risks and room for error in
digital triage. Usersdiagnosed with el ectronic symptom checkers
may bereferred to self-care even if they need professional help,
and users for whom self-care would be sufficient are referred
to professional s[21-23]. Specifically, self-care guidance should
belimited to situationswhereit is safe and appropriate. A study
to the point used data.on more than 150,000 patient interactions
with a web-based triage tool and found that the urgency of
patients' intended level of care decreased in more than 1 in 4
of the cases and increased in 1 in 20 cases, with the remaining
patients remaining at the same level [32].

When comparing physicians' and computers’ diagnostic
accuracy by using case vignettes, physicians listed the correct
diagnosis first more often than symptom checkers (72.1% vs
34%, respectively) [22]. There is limited evidence of patient
safety hazards associated with the use of electronic symptom
checkers [10,22,23,33]. However, a study comparing artificial
intelligence and human doctors for the purpose of triage and
diagnosis found that the artificial intelligence system was able
to provide users triage and diagnostic information with a level
of clinical accuracy and safety comparable to that of human
comparators [34,35]. Electronic symptom checkers are, on
average, more sensitive at recommending more urgent carethan
is actually needed [21,23,29,36]. Triage performance of
symptom checkers has, on average, not improved over the course
of 5years[30].

Inclinical practice, triage assessment and guidance are usually
performed by health care professional s either during telephone
contact or face-to-face, for example, at a health care center. In
England, there were 1,678,880 calls made to National Health
Service 111 in March 2021. Out of these calls triaged, 12%
were referred to ambulance service, 11% to accident and
emergency, 54% were recommended primary care, 8% advised
to attend another service, and 14% were deemed not to need
another service, that is, suitable for self-care [37].

Triagetakesalot of professional time and is of varying quality.
In health care organizations, therefore, the god isto unify triage
and digitalize it with the help of symptom checkers. This is
expected to increase service uniformity and efficiency as well
as free up working hours [10,38].

Study Objectives and Outcomes

The goal of this study was to ensure that the symptom checker
issensitive enough to recommend urgent carewhen it is needed
and that it is specific enough to avoid unnecessary use of health
care services. Thisis a mixed methods validation study of the
Omaolo symptom checker (Table 1, Table 2, and Textbox 1).
Thefocus of thisstudy ison the usability of thistool, reliability
of the assessments, and user safety [37-41]. The first part
consists of comparing the Omaol o symptom checker assessment
with an assessment made by an experienced primary caretriage
nurseto see how well they match. The second part complements
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thefirst by using patient case vignettesfor the validation of the  Omaolo symptom checker.

Table 1. Overview of the Omaolo symptom checker studies.

Characteristics Substudy 1 Substudy 2

Study type Quantitative clinical validation study Validation with case vignettes study

Study objectives Differencesand similarities between the nurse'sand symptom  To test if recommendations are safe on rare and acute cases,
checker’s (n=15) triage in real-life settings which could not be tested extensively in aredl-life setting

Case vignette accuracy is determined by comparing case vi-
gnette—filled symptom checker surveys with expert panel’s
assessment (gold

standard)
Study design and Comparison of nurse's triage to symptom checker’s triage Comparison of symptom checker’s triage to triage nurse,
setting general practitioner, and gold standard
Outcome Triage frequencies, proportions of matches, symptom checker Case vignettes to complement the real-life assessment of the
safety, specificity, and sensitivity symptom checker

Table 2. Research questions for the clinical and case vignettes validation study.

Substudy Research question

Clinical validation study: «  Aretherecommendations of the symptom checker safe to use?

differences between the « Inwhat proportion (% and 95% Cl s for an estimate) of the assessments do the experienced nurse’s triage and the
nurse's and symptom recommendation of action given by the symptom checker correspond or differ before the nurse has seen the rec-
checker'striagein real-life ommendation of action given by the symptom checker?

settings «  Aretherecommendations of the symptom checker specific and sensitive enough to prevent unnecessary use of

primary health care services?

«  Does an experienced nurse change his or her assessment after seeing the recommendation for action by the
symptom checker?

«  What are the key factors that lead an experienced nurse's triage to differ from the symptom checker’s recommen-
dation?

«  How many cases are there and to which symptom checker do they relate to wherein atriage nurse would refer the
user to a heavier service than that recommended by the symptom checker (2 levelslighter is considered as unsafe
recommendation for a symptom checker)?

«  How many assessments can be found and to which symptom checker they relate to wherein the triage nurse would
refer the user to alighter service than that recommended by the symptom checker (2 levels heavier is considered
as overconservative recommendation for a symptom checker)?

« Anaysisof the content for the reasons given by the participants that influenced their triage when the individual
assessments differed

Validation with case vi- « Inwhat proportion (% and 95% Cls for an estimate) of the assessments do the experienced nurse's triage and the
gnettes study: performance recommendation of action given by the symptom checker correspond to or differ from case vignette's predetermined
between nurses’ and symp- (assesses by expert panel) triage?

tom checker’striageincase «  Doesan experienced nurse change his or her assessment after seeing the recommendation for action by the
vignettes compared to expert symptom checker?

panel assessment (gold «  How many cases are there and to which symptom checker do they relate to wherein atriage nurse would refer the
standard) user to a heavier service than that recommended by the symptom checker (2 levelslighter is considered as unsafe

recommendation for a symptom checker)?

«  How many assessments can be found and to which symptom checker they relate to wherein the triage nurse would
refer the user to alighter service than that recommended by the symptom checker (2 levels heavier is considered
as overconservative recommendation for a symptom checker)?

« Anaysisof the content for the reasons given by the participants that influenced their triage when the individual
assessments differed

o  Sensitivity, specificity, positive and negative predictive values of the symptom checker and nurse assessments
compared to expert panel assessments
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Textbox 1. Questions presented in the research forms specifically for triage nurses.

Questions

How old are you?

How much work experience do you have in assessing the need for care (triage) ?____ years
How did the user arrive at the reception? (walk-in or via telephone contact)

Did you consult adoctor to assess the user’s need for treatment (triage)?

Choose where the user should be referred according to the terms of the electronic symptom recommendation action guide (based on your own

evaluation, triage)

«  What was the most significant thing (observation, symptom, or discovery) that influenced your decision-making?

« Doyou feel the need to change your assessment of need for treatment (triage) after seeing the responses and recommendation in the electronic

symptom checker? (Yes/No)

« If yes, then why did you change the assessment of the need for treatment (triage) after seeing the responses and recommendation in the electronic

symptom checker?

« Ifyoufeel it isnecessary to change your triage assessment, reselect where the user should be referred to according to the classification terms of

the electronic symptom checker’s recommendation.

Intervention

Development of the Omaolo Symptom Checker

Theclinical validation process of the Omaolo symptom checker
proceeded at anational level and it complies with the European
Union and Finnish medical device requirements with a CE
marking (risk class: 11a) [42-45]. The Omaolo management
team selected the topics to be included in the symptom checker
on the basis of the most popular searches made on the
evidence-based medicine guidelines (decision support for health
care professionals by Duodecim Medical Publications Ltd),
considering the most common reasonsfor visiting health centers
and joint emergency services [46]. The Omaolo symptom
checker isintended for users older than 15 years. There is no
upper age limit, except for the symptom checker for urinary
tract infections, whichisintended for women aged 18-65 years.

The reasoning of each symptom assessment consists of 1
algorithm, which uses acommon function library asan aid. All
traffic goes through the engine of the evidence-based medicine
decision support device, the application programming interface
and related filters and conversions, and data processing.
However, the algorithm that has the most central effect on

https://www.researchprotocols.org/2023/1/e41423

reasoning can be separated from each individual symptom
assessment within the symptom checker.

Description of the Omaolo Symptom Checker

Omaolo is a national web-based service for social welfare and
health care. The purpose of Omaolo is to promote the health
and well-being of citizens. Omaol o supports self-care and helps
peopl e to contact public health care professionals, if necessary.
Omaolo isamedical device with a CE marking, manufactured
by government-owned DigiFinland Oy founded in the year
2017. Omaolo meets the requirements set for medical devices.

The aim of the Omaolo symptom checker (Textbox 2) is to
identify, based on the assessment of alarm symptoms and other
pre-existing conditions, situations that require immediate or
urgent assessment and to conduct follow-up examinations and
treatment without delay in situations where conservative
treatment may lead to complications. Both the questionnaire
for the user and the algorithm that the symptom checker uses
are based on research evidence (Multimedia Appendix 1),
especialy on the need to treat different combinations of
symptoms and in other respects on medical experience (Textbox
2) [42-50].
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Textbox 2. List of symptoms selected for the Omaolo symptom checker (n=15) and sources of medical knowledge and regulations applied in creating

them [42-50] (full detailed references are listed in Multimedia Appendix 1).

Omaolo symptom checker

«  Ana region symptom

.  Cough

« Diarhea

«  Discharge from the eye, watery or reddish eye
e Headache

o Heartburn

e Knee symptom or injury

«  Lower back pain or injury

«  Ora hedth

o Painful or blocked ear

«  Respiratory tract infection

o Sexualy transmitted disease

o  Shoulder pain, stiffness, or injury
«  Sorethroat or throat symptom

o Urinary tract infection

Regulations

« Regulation (European Union) 2017/745 of the European Parliament and of the Council of April 5, 2017, on medical devices [42]

«  Finnish Health Care Equipment and Supplies Act [43]

«  New requirements and operationa implications of medical devices (Finnish) [44]

Sour ces of medical knowledge
o  Cochrane Database of Systematic Reviews [45]

« Articlesin the DynaMed Plus; database produced by the EBSCO (Elton B Stephens CO) community [46]

«  Finnish administrative sector of the Ministry of Social Affairs and Health publication “Basics of Emergency Care” [47]

o Finnish Current Care Guidelines [48]

«  Evidence-Based Medicine Guidelines (Duodecim Medical Publications Ltd) [49]

«  City of Helsinki Assessment of the Need for Urgent Care in Adult Patients (2014) [50]

«  Preiminary studiesinvestigating the likelihood of different combinations of symptoms and associated conditions requiring treatment

The symptom checker can only assess symptoms based on the
information provided by the user. As with clinical
decision-making in general, assessments of the need for
treatment are based on the likelihood that the condition described
ismild and self-limiting or that action by aprofessionally trained
health professional is likely to be required to treat or prevent
itsworsening. In terms of urgency, the available information is
used to assess whether and how quickly the condition islikely
to worsen without treatment.

The symptom checker makes a general assessment and then
recommends a course of action based on medical knowledge.
It gives the user an idea of the quality and urgency of the
treatment (triage) likely required. The user will be recommended

https://www.researchprotocols.org/2023/1/e41423

to either treat their symptoms and their heath problems
themselves or be prompted to contact ahealth care professional
who can provide a professional assessment of the situation and
appropriate treatment, if necessary [39-41].

The use of the Omaolo symptom checker is intended to be as
simple aspossible (Figure 1): the user initially receivesreliable
information about the symptom (articles in the Health Library
Duodecim) with ashort summary, helping the user in assessing
their condition. If, however, the user is still unable to decide on
the treatment, they can next answer the relevant symptom
checker questions. These will, in turn, result in a
recommendation by the checker on course of action and urgency.
The checker does not result in adiagnosis.
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Figure 1. Flowchart for using Omaolo services and the decision tree of the symptom checker. ESC: electronic symptom checker.

User experiences a
symptom.

Does the user
feel well enough to

In an emergency, contact your
health care provider or the nearest
emergency department (1 12)

fill in the ESC?

Yes

User receives information
about the symptom
(Health Library Duodecim)
Does the user need more
help with self-assessment?

My symptoms are suitable for self-care
and | just want self-care instructions
(Health Library Duodecim printable
article and instructions for self-care)

Yes

User fills out
ESC
independently

Did the ESC provide
triage for the user?

Yes

ESC's
recommendation of action:
Estimated need for
treatment and urgency
(triage)

To be treated as on-call
duty, but not during
the night
(| day, urgent)

To be treated immediately,
contact the emergency

center
(less than one day, urgent)

If you have symptoms that have
not been covered in the survey
or other ilinesses or medications
that you think affect your
need for treatment, contact
your health care provider

Estimated need for treatment, urgency
and ESC’s results are
prompted to be sent to a health care
professional for making an appointment
and more specific guidelines

May be transferred to
a health care professional’s
appointment during office
hours

Start self-care, user
given more detailed
self-care instructions
(7-30 days, self-care)

Thefirst priority of the symptom checker isto seek to identify
any alarming symptoms that should prompt immediate contact
to an emergency department. The aim is then to identify
situations where a professional assessment is necessary and to
determine the urgency of the assessment. For example, these
include situations where antibiotic treatment may be necessary
or situations where the symptom of the infection can be
associated with an exacerbation of another disease. The
combinations of symptoms are used to draw conclusions about
the likely nature of the situation and to provide an appropriate
recommendation. The successfully answered questions are
saved, and the user can have it sent to a health care professional
through the Omaolo symptom checker [39-41].

The user isencouraged to accessthe Duodecim Medical Library
articles on the subject, which open aslinksin the questionnaire
introductory text and feedback, since not al possible real-life

https://www.researchprotocol s.org/2023/1/e41423
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(1-3 days, nonurgent)

situations can be covered. The user is aso encouraged to
consider whether they have other symptoms not covered by the
guestions of the information provided. To help with this, the
following is displayed to the user at the end of the query: “If
you have symptoms that have not been covered in the survey
or other illnesses or medi cationsthat you think affect your need
for treatment, contact your health care provider or, in an
emergency, the nearest emergency department” [39-41].

Methods

Inclusion Criteria

To be eligible for the study, users had to be older than 18 years
and experience some of the symptoms listed in the Omaolo
symptom checker when participating. There is no upper age
limit, except for the symptom checker of urinary tract infection,
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whichisintended for women aged 18-65 years. The experienced
nurses had to have at least 2 years of triage experience.

Exclusion Criteria

Theonly exclusion criterion wasrefusal of the user to participate
in this study.

Pilot Study

The purpose of thispilot study wasto examinethe functionality
of the study design of the symptom checker validation. The

Table 3. Reported reasons for users not taking part in the pilot study.

Liuetd

pilot was conducted at the Espoonlahti Health Center in July
2018. The pilot complied with the research plan and was
performed to test the feasibility of the study design and the
guestionnaires. The pilot was conducted by collecting symptom
checker assessments of 50 users with several symptoms at the
same time. More than 200 users (Table 3) were interviewed to
participate in this study, but only 50 symptom checker
assessments were completed. The pilot caused minor changes
mainly to question the formulations of the data collection
documents and details of collecting the data.

Reason for not participating in the study Users (n=234)
Skeptical toward digitalization and e-services 33
Polite refusal without further explanation 76
Already has a reserved appointment time 41
On amatter regarding a family member’s well-being 10
Severity of symptoms hinders participation 29
User’s experienced symptoms are not found in the symptom checker 35
Fear of losing their place when waiting in the queue to meet the nurse 10

Study Design and Setting

The study setting is Finnish Primary Hedth Care, with 13
participating health care organizations nationwide. Each
participating organization provided the study space whereitis
practically possiblefor the usersto complete Omaolo symptom
checker and triage by an experienced nurse. The organization
also ensures that the target population of the study remains
unscreened. Study users are recruited in units that use the
walk-in model in primary health care settings, where clients
come to a health center without prior contact (Figure 2).

The validation with case vignettes (virtual clinical patient cases)
will be used to complement the assessment of triage accuracy
of some of the questions of the Omaolo symptom checker
(Figure 3). Vignettes are either obtained from previous studies
or produced for this study from a variety of clinical sources,
including material used in medical education examinations. For
example, an outcome that has been reached in a patient casein
the educational environment is considered when creating a
virtual patient case vignette [21-24]. Patient case vignettes are
also produced from standardized clinical patient cases and
panel-decided materials [22]. Panel-decided patient case
vignettes and standardized patient case vignettes are acommon

https://www.researchprotocols.org/2023/1/e41423

method for developing and training health care professionals
in their diagnostic ability to make treatment decisions [21].

The panel in our study aims to consist of 3-5 independent
clinician general practitioners (GPs) and another 3-5 triage
nurses. We will apply a modified Delphi procedure [51]. For
the creation of clinical vignettes, the GPs are required to have
over 5 years of primary care and emergency department
experience. These GPs are not to be directly involved with
Omaolo creation. In case of the vignette validation process, the
panel first assessesthetriagefor case vignettes (gold standard).
Second, the panel-decided triage is then compared with the
nurses and GP's triage and the symptom checker's
recommendation of action (thisis possible in smulated cases
where conditions are constant) (Figure 2). Case vignettes test
the symptom checker and compare their performance with other
providersin different triage level s by using standardized patient
case examples [21-24]. Individual patient case vignettes are
formed according to urgency classifications. Case vignettes also
include common and rare diseases. The focus of this study will
be on rare and acute cases, which cannot be tested extensively
in real-life settings, for example, the number of cases collected
for diarrheaand heartburn symptom checker issmall (Table 4).
Some of the vignettes will be derived from established sources
[22].
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Figure 2. Study design for the clinical validation study.

Would you (user) like to
participate in
Omaolo symptom
checker study?

Why not?
Describe the reasons.

Does any of the
following symptoms
menticned in this checker
match your current
symptoms?

Yes User fills out
symptom checker
independently

Research assistant records the
findings, an estimate of the time spent,
and a final user interview

Did the symptom
checker provide
triage for the user?

Triage nurse’s
assessment of
the triage

Liu et al

Describe the reasons if the
symptom checker fails (eg does not
fit user’s situation, too difficult)

The triage nurse fills in the first form,
saves the assessment’s results,
recommendations, and
original treatment decision

Symptom checker’s
recommendation is
reviewed by the
triage nurse

The triage nurse fills in the second form:
Would you change your treatment decision
after seeing the symptom checker's
recommendation?

User’s treatment
is continued according
to the triage nurse’s
assessment

Comparative clinical
research between
nurse’s triage and

symptom checker’s
recommendation

Figure 3. Study design for validation with case vignettes study. GP: general practitioner.

GP's
triage result and
recommendation
of action

GP’s assesssment
of the triage on
the patient case vignette

Symptom checker’s
assessment based on
the patient case vigentte
(research assistant)

Clinical patient case

vignette (panel-decided
triage, gold standard)

Triage nurse's
triage result and
recommendation

of action

Triage nurse’s assesssment
of the triage on
the patient case vignette
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GP reviews
vignette's given
symptom checker
recommendation

Comparative research
of gold standard to
symptom checker’s

recommendation of action,
nurse’s and GP’s triage

Symptom checker's
recommendation of
action based on research
assistant’s answers

Triage nurse reviews
vignette’s given
symptom checker
recommendation
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Table 4. Dataof the collected clinical user cases across the symptom checker.

Symptoms in Omaolo symptom checker

Approved assessments for clinical validation

Approved assessments for usability study

(n=877),n (n=964), n
Anal region symptom 41 39
Cough 71 87
Diarrhea 21 23
Discharge from the eye, watery or reddish eye 65 64
Headache 41 45
Heartburn 24 19
Knee symptom or injury 55 56
Lower back pain or injury 65 69
Oral health 62 69
Painful or blocked ear 81 83
Respiratory tract infection 104 121
Sexually transmitted disease 39 30
Shoulder pain, stiffness, or injury 47 50
Sore throat or throat symptom 101 117
Urinary tract infection 60 60

Sample Size Calculations

In a study performed by Gilbert et a [22], triage levels of 7
different symptom checker apps were tested and the mean
percentage of safe advice provided by the appswasfound to be
90.1% (SD 7.4%). Furthermore, a symptom checker app was
found and defined to be safeto useif the particular app had safe
advice performance within 1 SD compared to the GP's (mean)
percentage of given safe advice. The GP's percentage of safe
advice was 97% (SD 2.5%) [22]. For our study, hypothesis 1
(a) is that the Omaolo symptom checker is safe to use in the
defined study settings (Table 1).

For the study group in the clinical validation study, we accept
a safe performance of 97% when directly comparing symptom
checker’s recommendation of action to nurse's triage of the
same user that has filled in the symptom checker successfully.
We estimate the required sample size by assuming the given
range of safe advice at 97% and by using a 95% confidence
level, and we compute the confidence interval estimate for the
true proportion of safe-filled symptom checker assessments
(Figure 2). For each symptom, we aim to collect as many
completed symptom assessments as possible.

For the study in validation with the case vignettes study, we
assume that the Omaolo symptom checkers performance is
similar to that of symptom checker apps defined as safe as
described by Gilbert et al [22]. Thisincludesthat the suggested
safe advice performance marginal and size of the difference
between the study groupsis acceptable (Figure 3).

https://www.researchprotocols.org/2023/1/e41423

Data Analysis

The qualitative assessment of the study data from the
open-ended questions of the survey was analyzed by qualitative
inductive content analysis[52]. In this approach, the codes and
themes derived from the data were suggested by the datarather
than by atheoretical framework. The steps that we used for our
analysis were iterative processes to familiarize ourselves with
the qualitative data and to identify quotations with common
concepts, code formation, grouping of codes into subthemes
and themes, and creation of an explanatory thematic summary.

The quantitative analysisin the clinical and vignette validation
studies includes the results and findings of individual users,
nurses, and study assi stants being analyzed based on individualy
completed study forms. The results of the electronic symptom
assessments compared to the assessment of an experienced nurse
and case vignettes will be presented regarding each symptom
checker individually. Possible differences in triage levels,
including “overconservative,” “ overconservative but suitable,”
“exactly matched,” “safe but underconservative” and
“potentially unsafe,” for all symptom estimateswill be reported
(Figure 4) [22]. We will calculate the percentages of matches
for each individual symptom checker and the 95% Cls.

A caseisto be defined as safe if the conflict condition is not
met and the recommendation for action given by the symptom
assessment is at most 1 degree of urgency less urgent than the
triage assessment of the same case. The definition of a conflict
isasfollows: cases assessed by the nurse as urgent/on-call duty
but assessed by the electronic symptom checker as
nonurgent/self-care.
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Figure4. Anexampleof atriage comparison chart with matched color coding differencesin triagelevels. Matching rows (triage nurse) to their respective
columns (symptom checker) resultsin asafety assessment. P1-4, Finnish Ministry of Social Affairsand Health Classification of emergency carecriteria;
L2-4, referral urgency classes of Finnish Institute for Health and Welfare coding service.

Overconservative (2 triage levels
higher)
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emergency
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lower)

. center [0 h]
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Omaolo symptom checker's urgency assessment
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P1. Contact atan referredto  L2-L4. Start
to a doctor
emergency emergency durin a doctor self-care
center center, but e during (with
. . office . .
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night [10 h] h] [72 h]
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Ethics Approval

This study plan underwent an ethics review by the regional
permission, which was requested from each organization
participating in the research, and in addition to this, an ethics
committee statement was requested and granted from Pirkanmaa
hospital district’s ethics committee (ETL-Code:R18126), which
isin accordance with the University of Tampere's regulations.
When recruiting participantsfor this study, the research assistant
infforms the user about the study, distributes the study
information sheet, and then asks if the user is willing to
participate in the study. If, after being informed, the user is
willing to participate in the study, they are asked to sign a
consent form in which the user acknowledges that they have
received sufficient information about the study and agree to
participate in it. The user is given an information sheet about
the study, which contains information about the study and
contact information in case the user wants to ask more about
the study. The user was paid no amount of compensation. The
user’s consent form is not connected to the response form with
apersonal identification code, that is, the users are anonymized.
No medical record dataare collected or combined with research
forms. The users can withdraw their consent to the study at any
time, but the completed forms cannot be destroyed after the
data collection, because the consent form, which contains
personal data, does not have an identification code that could
be used to link the consent to other study forms. The most
significant ethical issuerelated to the research setting isthat the
user’s participation in the research does not affect their chances
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of receiving timely treatment. In connection with the research
protocol, all users who fill out the symptom checker will be
forwarded to an appointment with an experienced nurse. Denial
of treatment for users who refuse to participate in the study is
strictly prohibited.

Results

Data (Table 4) for this study were collected between June 1,
2018, and December 31, 2020, when users filled in electronic
symptom checker questionnaireson arrival at the health centers
(they aso signed an informed consent form). The version of
the Omaolo.fi symptom checker of 2019 was used. Few user
cases were collected for diarrhea and heartburn in the clinica
validation part of the study. In the supplementary case vignette
validation study, the use of virtual clinical patientswill be used
to support the triage accuracy of chief symptom assessments
with a small number of approved assessments for clinical
vaidation (heartburn, diarrhea) in the Omaol o symptom checker.
Thefocuswill beon rare and acute cases, which cannot be tested
extensively enough in real-life settings. Data collection was
completed in September 2019, and the first feasibility and
patient experience results were published by the end of 2020
[33]. Further results and publications are expected in 2023-2024.
It is estimated that the analysis and reporting will be finalized
during 2024.
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Discussion

Principal Findings

This multidimensional study will be the first to assess both the
usability and safety of the Omaolo symptom checker in the
Finnish primary health care context. In addition, this research
might provide information to help evaluate the reliability and
possible shortcomings of this service. Thisinformation canthen
be used to support the further development of the service entity
and thus improve the usability of the Omaolo service. The real
benefit and safety of this service can be gauged from the written
feedback of userswho use the symptom checker inreal clinical
trial environments [53].

Strengths and Weaknesses

Thereal-life setting is both a strength and a potential weakness
of this study. A strength of this study is the large number of
real-life users with rea-life symptoms and real-life triage
performed by anurse. Thefirst potential concernisthe selection
bias of the symptoms experienced when usersfill the symptom
checker questionnaires in health center waiting rooms, while
in real-life settings, the symptom checker questionnaireisfilled

Acknowledgments

Liuetd

at home. The Omaolo symptom checker is designed for users
older than 15 years, but in this study setting, only users older
than 18 years are recruited. Second, the potential selection bias
results from excluding users who are not able to complete the
symptom checker questionnaire independently (inability to use
the provided computer mouse or tablet devices). Further, users
presenting with symptoms at the extremes of the spectrum may
be problematic. Cases of mild self-care symptoms may be
excluded, and users with serious acute symptoms may be rare
in this setting. The symptom checker service does prompt users
to contact health care services urgently when unable to fill in
the questionnaire due to severe symptoms. The lack of urgent
cases for some symptoms (eg, heartburn, diarrhea) in rea-life
settingsis considered to be supplemented by virtual user cases,
that is, case vignettes. The focus of validation with the case
vignette study will be on rare and acute cases, which cannot be
tested extensively enough in real-life settings. More common
and less urgent situations can be covered even with the vignette
study. Finally, although the production of research data was
sowed down by the COVID-19 pandemic [54,55], the number
of individual users of mobile medical appsand Omaolo.fi grew
exponentially during the pandemic [56-58].
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