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Abstract

Background Despite the proven positive effects of clinical decision support systems (CDSSs) on general practition-
ers' (GPs') performance and patient management, their adoption remains slow. Several factors have been proposed

to explain GPs'reluctance to adopt these tools. This study hypothesizes that the influence of CDSSs on patient-
physician interactions could be a determining factor. To explore this hypothesis, we utilized the FeverTravelApp,
designed to assist GPs in managing patients presenting with fever after returning from the tropics. A case—control
study was conducted, observing and analyzing fourteen consultations between seven physicians and three simulated
patients. Each physician conducted consultations both with and without the FeverTravelApp. The consultations were
video-recorded and analyzed using a custom analysis grid based on three existing tools. Simulated patients com-
pleted the Communication Assessment Tool (CAT) after each consultation, and each physician participated in a semis-
tructured interview following the use of the app.

Results The use of the FeverTravelApp influenced multiple aspects of the consultation, particularly communication.
Both patient and GP speaking times decreased, while active silence (no one talking while the GP actively performed
a task) increased. GPs focused more on the app, which reduced direct patient interaction. However, this influence
seemed to bother GPs more than simulated patients, who rated their GPs equally whether the app was used or not.
This could be because patients felt better understood when GPs asked fewer but more specific questions related

to travel medicine, thus effectively addressing their concerns.

Conclusions This study supports the hypothesis that CDSSs influence consultation dynamics, which may contribute
to their slow adoption. It is essential to involve clinicians early in the development of CDSSs to adapt them to clini-
cal workflows and ensure system interoperability. Additionally, tools that allow clinicians to follow the entire clinical
reasoning process, such as decision trees, are needed. Further research is necessary to confirm these findings in real
patient settings and to develop CDSSs that meet both patients’and GPs'expectations.
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Introduction

Humans have limited capacities for probabilistic reason-
ing, especially when facing situations with multiple vari-
ables, knowledge gaps or limited experience. Clinicians’
diagnostic decision making will thus be strongly influ-
enced by the level of knowledge and experience, by com-
mon cognitive biases like anchoring effects, information
and availability biases and by personality traits such as
overconfidence, lower tolerance to risk, [1]. All these fac-
tors might alter physicians’ disease probability appraisal,
in particular by overestimating rare diseases and by miss-
ing frequent diseases with atypical clinical presentation
[2].

To overcome these difficulties, there is growing inter-
est in clinical decision support systems (CDSSs). A CDSS
is an expert system that integrates medical knowledge
with patient data to infer case-specific advice to support
healthcare providers in their decisions and, ultimately,
to improve patient care. Ledley and Lusted, with their
founding article “Reasoning Foundations of Medical
Diagnosis” in 1959, are among the pioneers in computer-
assisted diagnosis. They deconstructed and analyzed,
from a mathematical point of view, the medical diagno-
sis process and had already envisaged the decisive role of
computers in providing structured information to their
users, be they medical students or physicians. On the
other hand, they also predicted physicians’ fear of losing
their autonomy, or even worse, of being replaced by com-
puters [3].

In recent years, the integration of artificial intelli-
gence (Al) into healthcare, including the development of
advanced CDSSs, has become increasingly prominent,
enhancing the precision and efficiency of medical diag-
nostics and treatments.

Despite proven positive effects on general practition-
ers’ (GPs’) performance [4] and on the management of
patients and treatments [5-10], the adoption of CDSSs
is slow [11]. We may point out five main reasons for this
limited success.

First, some CDSSs have low accuracy (defined as the
capacity to find the right diagnosis and to avoid giving
the wrong one). For example, a study comparing the
performance of several symptom checkers revealed that
the proper diagnosis was given in 34% of the patients,
and the appropriate triage advice was given in 57% of
the patients [12]. Second, some existing tools per-
form particularly poorly when confronted with a com-
plex clinical case because they fail to consider the full

spectrum of clinical data. Neglecting the clinical con-
text and the time-related aspects (order of appearance
of symptoms) sometimes leads to an unsuitable assess-
ment of the situation [13]. Third, the integration of a
CDSS into the consultation workflow and the routine,
habits, and administrative duties of GPs are particu-
larly challenging [14]. The interaction of existing tools
with the workflow of private practice also seems to be
a key issue, with, for example, a duplication of admin-
istrative work and the GP having to fill in the informa-
tion in the CDSS and in the electronic medical records
[15]. Fourth, medical information security, confidenti-
ality, and interoperability of systems concerns make it
difficult to create a tool adapted to the actual legisla-
tion and administration already in place [16, page 67].
Finally, the economic impact of implementing CDSSs
like FeverTravelApp in a private practice setting can-
not be overlooked. While the app itself may be offered
at no initial cost, potential indirect expenses such as
the need for compatible hardware and the time invest-
ment required for training and integration into daily
practice may pose financial burdens. Long-term ben-
efits, however, such as improved diagnostic efficiency
and potentially reduced operational costs, suggest a
nuanced cost-benefit scenario that warrants careful
consideration.

However, the significant surge of mobile phone usage
[16], coupled with the ever-growing use of smart-
phones, represents a turning point as it has catalyzed
the development of new CDSSs [17, 18]. As a result, in
line with the increase in the use of apps by GPs, new
CDSSs are being developed in very different fields,
ranging from the diagnosis and treatment of childhood
illness in resource-limited countries [19] to the assess-
ment and management of suicide risk [20]. A study
conducted in France in 2016 reported that 75% of GPs
use their phone during consultations and have a pleth-
ora of apps, from prescribing medicine and scoring on
calculators to dedicated social media apps for sharing
medical advice between colleagues [21].

An area of clinical care in which CDSSs may be par-
ticularly useful is travel-related infectious diseases and
tropical medicine. Solving such cases requires thor-
ough patient history and clinical examination, as well
as broad knowledge of the clinical presentations of
exotic diseases and fast-changing epidemiological pat-
terns. Therefore, the majority of GPs in higher-income
countries lack the necessary expertise, as they rarely
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1. The physician takes the medical history
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2. The investigator provides a written summary of the physical examination to the physician

3. The physician writes down the differential diagnosis (being allowed to check information on
the internet if they wish) while the patient goes out of the room.

4. The physician writes down on a paper the investigations she/he requires for the patient and

gives this paper to the investigator

5. The investigator gives back to the physician the written results of the requested
investigations, results that can be obtained within a few hours in real conditions were
provided, while those requiring more time were mentioned as « on-going ».

6. The patient comes back to the consultation room

7. The physician finishes the consultation by explaining the results of the investigations and the
possible diagnoses, prescribing the treatment if any and explaining the next steps.

Fig. 1 Course of a consultation (C1 and C2)

deal with patients upon return from the tropics. Nota-
ble CDSSs in this field are Gideon [22] and Kabisa [23],
which are differential diagnosis generators (DDxs) that
provide a list of all possible diagnoses in order of prob-
ability. The latter was initially created for pedagogical
purposes but is currently also used by practitioners. In
2003, we developed evidence-based guidelines for the
management of febrile patients upon return from the
tropics in the form of freely accessible decision charts
on a website (www.fevertravel.ch) [24]. The evidence
behind these guidelines was reviewed in 2010 (Rossi
et al. unpublished) and in 2020 by Buss et al. in a sys-
tematic review [25]. The format of these guidelines has
recently been revamped and adapted into a prototype
app called FeverTravel App.

Fevertravel App is a CDSS based on clinical decision
support algorithms (CDSAs). CDSAs take a decision-tree
approach, guiding clinician in taking a thorough patient
history, performing an appropriate clinical exam, as well
as giving treatment and management recommendations,
somehow mimicking the cognitive process of decision-
making an expert clinician would adopt.

Although several studies have shown that CDSSs have
a positive influence on patient management [5-10], the
effect of CDSSs on patient—physician interactions during
the consultation process remains unclear. A few stud-
ies have assessed patient-physician interactions through
interviews [14, 26], but it has never been objectively
assessed through real-time consultation analysis.

In our study, we examined the impact that CDSAs,
such as the FevertravelApp, may have on patient—physi-
cian communication and the flow of consultation.

Materials and methods

Study design

We conducted a case—control study by observing
and analyzing fourteen consultations between seven

physicians—patients who used or did not use the Fever-
Travel App—and three simulated patients.

Setting, participants, and data production

This study was conducted at the outpatient Department
of the Centre for Primary Care and Public Health, Uni-
versity of Lausanne and at a private practice in Neuchétel
(Switzerland) between the 28. May 2018 and the 30. Sep-
tember 2018. The participant physicians were recruited
on a voluntary basis. The physicians were contacted
either by e-mail or directly by their supervisor. In the end,
three female and four male physicians aged 25 to 61 years
(median age =31 years) and with various degrees of expe-
rience (from junior to senior) participated in the study.
Most physicians had no experience in tropical medicine
(ranging from O to 1 year). The physicians conducted two
consultations with different simulated patients, the first
one without using the App (C1) and the second one using
the App (C2). For consultations, two different clinical sce-
narios were used. Both methods were created to lead to
differential diagnoses, mainly involving tropical diseases.
The final version of the scenarios was checked by tropical
medicine specialists, and a grid of adequate history was
taken for each patient. In the first scenario, the patient
came back from Brazil, Bolivia and Chile, presenting with
fever and conjunctival suffusion. In the second scenario,
the patient returned from Nepal and India with fever
and a maculopapular rash on the chest. The simulated
patients were hired from the simulated patients Program
of the University of Lausanne (Switzerland), and training
was organized to optimize their performance and famil-
iarize themselves with the cases.

Physicians had a 20-min time limit to familiarize them-
selves with the app between C1 and C2 (see Fig. 1). The
consultation was organized as follows:

During C1 and C2, physicians could use a computer
to take notes and check medical information, as in usual
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consultations. As we used simulated patients (and our
goal was to not evaluate their practical skills), physicians
did not have to examine their patients; all the positive
signs were provided in writing with pictures when rele-
vant. The fourteen consultations were video recorded to
facilitate the analysis.

After the consultation, the simulated patients had to
complete the Communication Assessment Tool (CAT)
to evaluate their physician’s communication skills. All
the physicians underwent a semistructured interview to
explore their experience using the app.

Description of the CDSA (FeverTravel App)

The FeverTravel algorithm takes the form of a mobile
app that targets primary care physicians working at out-
patient clinics, at emergency departments of hospitals or
in private practices. The tool is aimed at assisting physi-
cians in managing travelers and migrants with fever upon
return from a tropical area.

It supports the user’s decision-making process with
diagnostic and therapeutic advice during or after a con-
sultation. Given that it was impossible to develop good-
quality guidelines covering the whole internal medicine
field, the FeverTravelApp includes only tropical diagno-
ses or diseases that are much more frequent in tropical
countries (and not ubiquitous infectious diseases or non-
communicable diseases).

The App proposes a series of assessments: 1) “General
questions” on age, sex, height, weight, dates of travel and
start of the symptoms, countries visited, malaria proph-
ylaxis taken and appropriate vaccines received before
traveling; 2) “Vital signs’, including temperature, heart
and respiratory rates; 3) “Exposures’, at-risk activities the
migrant/traveler did, or he was exposed to during her/
his stay in the tropical area, i.e., freshwater, animals, food;
4) “Symptoms’, 5) “Signs’, The App then proposes the
“Differential diagnosis” and the corresponding “Inves-
tigations” to perform. The physician was then asked to
submit the results of the investigations. Based on the
latter, a list of “Final diagnoses” and the corresponding
“Treatments” and “Managements” are proposed. Diag-
noses that require presumptive treatment (due to either
no immediate confirmatory investigation being available
or the potential occurrence of rapid complications if left
untreated) are directly listed under “Final diagnoses”. The
tool is designed to be as flexible and intuitive as possi-
ble. It allows the user to answer questions in whichever
sequence she/he wishes, and subsequent recommenda-
tions are updated in real time (see Fig. 2). While ques-
tions are raised and answered, new diagnoses pop up in
the “Differential diagnosis” list, and further investigations
and treatments are suggested.
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Data analysis

Three main aspects were analyzed: 1) objective quality
of the communication between physicians and patients
(analysis of the videotaped consultations); 2) commu-
nication skills of physicians according to the simulated
patients (CAT questionnaires); and 3) physicians’ percep-
tion of the app (semistructured interviews).

Quality of the communication during consultations

To examine communicational aspects, we developed
a custom analysis grid (Fig. 3) derived from the follow-
ing existing tools: the Roter Interaction Analysis System
(RIAS) [27], the Nonverbal Accommodation Analysis
System (NAAS) [28], and the Calgary Cambridge-Global
consultation scale (CC-GCS) [29]. We deemed it neces-
sary to use a custom grid because of the scarcity of simi-
lar studies and tools able to capture the influence of an
intervention such as an app. We also based our review on
articles assessing physicians using an electronic device
during a consultation [19, 20, 30-35].

Physicians’ communication skills rated by simulated patients
Simulated patients had to complete a questionnaire
after C1 and C2. We used the Communication Assess-
ment Tool (CAT) [31], a validated tool for the evaluation
of physicians’ communication skills by their patients, to
determine how those skills vary according to the use or
absence of the App and to evaluate patients’ satisfaction.
It consisted of 15 items measured on a Likert-type scale
ranging from 0 to 5 (O=very poor, 5=very good). For
the present study, we used only 14 items, as the last one
was not relevant (“the front desk staff treated me with
respect”).

Physicians’ perspectives on the app

Four main themes were explored through the 20-min-
long semistructured interviews: i) user-friendliness of the
app, ii) app content and approach to managing cases of
fever upon return, iii) influence of the app on both the
consultation flow and clinical communication, and iv)
physicians’ global perception of the app and their advice
for further improvement of the tool. The consultations
were audio-recorded and transcribed verbatim. The tran-
scripts were analyzed for thematic content using qualita-
tive data analysis software (MAXQDAI12). The existing
themes were supplemented by themes that emerged
during the analysis. Verbatim quotes were selected for
illustration.

Results

In total, 14 consultations were analyzed; among them, 7
were conducted without an App and 7 were conducted
with an App. Three simulated patients participated in
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Fig. 2 FeverTravelApp

the study, all of whom were professionals. The simulated
patients had to complete a form after each consultation
to rate their physicians’ communication performance. A
semiconductive interview was performed with the physi-
cians after each consultation with the app. The study took
place between the 28. May 2018 and the 30. September
2018.

We present the results related to 1) communication
during the consultation, 2) patients’ evaluation of the
communication skills of the physicians, and 3) physi-
cians’ perspectives on the app.

Communication during the consultation
Consultation duration

The overall length of the consultation slightly decreased
between C1 (consultation without an App) and C2. The
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Based on duration:
1. Talking time (sec):
a. Physician talking time
b. Patient talking time
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2. Gazing time (sec): (= physician looks at:)

a. Patient

b. Technology (either computer or tablet)

c. Other (anything other than patient or technology)
3. Silence time (sec): (= no one is talking)
a. Active silence (no one talking but physician busy doing something actively)

b. Passive silence (no one talking and physician doing nothing)

Based on occurrences:

4. Task-focused exchange (n°) (description of physician’s talking content)

a. Opened ended questions
b. Closed-ended questions

c. Leading questions (a question that suggests the desired answer)

d. Giving information (explains, informs)

e. Paraphrasing or checking for understanding

5. Socioemotional exchange (n°)
a. Laugh
b. Social talk

¢. Phatic communication (nodding or verbal equivalent)

d. Empathy
e. Reassuring
Fig. 3 Analysis grid for quality of communication during a consultation

history-taking time (anamnesis) slightly increased in
C2, whereas the amount of time needed to decide on
the investigations and management (reflection time)
decreased drastically.

Talking time and silences

The talking times of both patients and physicians
decreased when the physician was using the app. How-
ever, active silence (no one talking while the physician
actively performs a task) increased with the use of the
app. This change was observed even though a computer
was already used during C1. Passive silence (no one talk-
ing or physician doing nothing) was not influenced by the
app (see Fig. 4).

Gazing time
The use of the app increased the proportion of time the
physician spent gazing at electronic devices, even though

a computer was already used during C1. This increase
mostly occurred at the expense of the time spent gazing
at their patient and, to a lesser extent, at objects present
in the consultation room (see Fig. 5).

Quantity, types, and content of questions

Physicians asked more questions without the app
(median of 78 questions) than with it (median of 71 ques-
tions). Physicians asked slightly more open-ended ques-
tions without the app (median of 5,4) than with the app
(median of 4,3). A similar phenomenon was observed for
closed-ended questions (median of 65 vs 70) and leading
questions (median of 1,6 vs 1,9).

Out of 33 questions required to identify diseases caus-
ing fever, including tropical diseases, physicians asked
a median of 14.5 (range 11 to 21) questions about fever
without the app and 22 (range 13 to 31) questions about
fever with the app. Specifically, regarding the 6 questions
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Consultation without App (C1)

11,3%

26,8%
60,4%

Talking time physician

Fig. 4 Talking times and silences (% of the consultation duration)

Consultation without App (C1)

Talking time patient
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Consultation with App (C2)

25,0%
50,7%

23,0%

Active silence Passive silence

Consultation with App (C2)

@ Physician gazes at the patient
Physician gazes at other

Fig. 5 Gazes (% of the time)

related to destination, timing and prophylaxis, patients
were asked a median of 6 (range 3 to 6) or 5 (range 3 to
6) questions about their visit without or with the app,
respectively. Regarding the 9 questions related to symp-
toms, they were asked a median of 7 (range 4 to 9) and
8 (range 7 to 9) questions about symptoms, respectively,
with and without the app. Regarding exposures, they
asked a median of 4 (range 1 to 7) and 10 (range 2 to 18)
of the 18 questions without and with the app, respectively
(see Fig. 6).

Furthermore, among the 4 questions that involved a
normal anamnesis but were not asked about by the app
(past medical history, allergies, usual treatment and treat-
ment taken for the actual symptoms), physicians asked a

@ Physician gazes at technology

median of 3 of them (range 2 to 4) without the app and 1
of them (range O to 3) with the app.

Checking for understanding and information provision
Physicians checked for patients’ understanding more
often when they used the app (median of 13,4 times vs
7.9 without the app) and provided more information
(13.0 vs 8.9).

Socioemotional exchange

With respect to the socioemotional exchange between
physicians and patients, the only difference was a
decrease in the number of physicians’ laughs and smiles
when using the app (3,1 vs. 2,3). Empathy and reassur-
ance statements were too rare to look for differences.
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Symptoms Exposures Demographics, medicines and vaccines

Fig. 6 Median number of questions asked by physicians among the 32 questions required to identify diseases causing fever, including tropica

diseases, without and with the app (number of questions)

1. Greeted me in a way that made me feel comfortable
2. Treated me with respect

3. Showed interest in my ideas about my health

4. Understood my main health concerns

5. Paid attention to me (looked at me, listened carefully)
6. Let me talk without interruptions

7. Gave me as much information as | wanted

8. Talked in terms | could understand

9. Checked to be sure | understood everything

10. Encouraged me to ask questions

11. Involved me in decisions as much as | wanted

12. Discussed next steps including any follow-up plans
13. Showed care and concern

14. Spent the right amount of time with me

MEAN

Fig. 7 Communication Assessment Tool (CAT) (O=very poor, 5=very good)

Without App
(c1)

B With App
(C2)

Patients’ evaluation of physicians’ communication

Overall, the patients assessed their physicians’ commu-
nication skills similarly with and without the app (see
Fig. 7).

Physicians’ perspectives on the app
Our interview guide was divided into 3 main themes:
software, impact on consultation, and physicians’ global
assessment.

Regarding the user friendliness of the app, all the phy-
sicians found it user friendly and easy to use. Never-
theless, some physicians have reported some technical

difficulties. and considered not familiar enough with the
app to feel comfortable. The majority commented that
they would prefer to use the tool on a computer.

“It was not a consultation; it was a technical battle
against the application.” (physician 1)

“I have spent quite a bit of time looking for the loca-
tion of this lab test and for an element of history. It is
truly a matter of use and habit” (physician 2)

«Youd have to spend at least 15-30 minutes read-
ing through the entire application to have an idea
of all the questions they ask, that way, in the end,
you could do your interview without looking at the
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application and you will just add the marks. (..)”
(physician 3)

All the physicians said that the app had a negative
impact on communication with their patients, and most
of them were dissatisfied with the relationships they had
with their patients when using the app. They mentioned
a negative impact on the consultation flow and said they
felt “unnatural”; for instance, the order of the questions
was considered poor by some physicians. Overall, the
physicians felt that the app disturbed their habits. Fur-
thermore, physicians were worried that using the app
could have a detrimental effect on patients’ trust in their
medical capacities.

“I got stuck on the app because I could not use it as I
wanted. So I had to focus on it, I lost the thread and
the contact with the patient” (physician 4).

“It broke my usual pattern of approaching these
patients, but I think it is something that is easy to
fix. You actually have to get used to it. Afterwards,
I think if you use it and get used to it, it gives you a
good structure.” (physician 2)

“l was afraid the patient would say, "What is she
doing?" because sometimes I would stop answering
some questions. (...) The patient could say "Oh yeah,
but then I could have done it myself"” (physician 5)
“It could alter the image of the perfect doctor that
they [the patients] may have in mind.” (physician 6)
« I have the impression that this is becoming more
and more common; patients are also informed on
their side, and they do not necessarily see the doc-
tor as someone who knows everything. I think that
is changed a little bit over the last few years, and it
can also reassure them to see that the doctor is using
reference documents (...). I think it truly depends on
the patient and the image they have of the doctor
before.” (physician 6)

Overall, the physicians considered the app useful, and
almost all of them would use it in the future. The majority
thought that the medical content of the app was appro-
priate, while a minority considered the app to be too
interventionist, for example, by offering a presumptive
treatment. In this regard, most physicians reported that
the app encouraged them to undertake more investiga-
tions than they usually would.

Some physicians were unsettled by the fact that the
App did not consider the patient’s past medical history or
autochthonous common diseases. Most of the physicians
mentioned that they would have followed the indications
for the app in real consultations, especially because of a
lack of knowledge about tropical diseases. Suggestions
for improvement were diverse. A frequent suggestion was
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to add a broader differential diagnosis than just tropical
diseases, especially for frequent or potentially serious
cases. The need to know and understand also came out.
For example, it was suggested that physicians have access
to decision trees' to provide a better overview of these
trees. They also wished to obtain more specific informa-
tion about tropical diseases.

“[The application] gets too specialized too fast, even
if it is upon return from the tropics. You have to
think about what common disease you can get, do
not rule out banality too fast. (physician 1)

“More serious diseases, such as lymphoma or Hodg-
kin’s disease, can also happen when coming back
from a trip” (physician 4).

“On the website, there are visible algorithms, and I
think that is what's a bit of a shame in an applica-
tion like this, well, maybe it is not its purpose, but
what would be interesting is to know the reasons for
each question, and what's behind it, and maybe to
see the algorithms in the support too. » (physician 6).

Discussion

The use of the app, as expected, influenced many
aspects of the consultation, particularly at the level of
communication. However, this strong influence at this
level seemed to bother the GPs more than the simu-
lated patients who rated their GP equally when the lat-
ter was using the app. This could be explained by the
fact that the patients felt better understood by their GP,
who asked more specific questions and seemed, as a
consequence, to understand their problem better.

In the following section, we successively discuss the fol-
lowing aspects: communication, medical content, simu-
lated patient assessment, physician assessment, design
of the app, potential barriers to widespread adoption of
CDSAs in private practice and ecological impact.

Communication

The app impacted the type of gaze, lengthening the gaze
at technological tools (computers and tablets) and short-
ening gazes at patients. Furthermore, the number of GPs
talking time decreased while using the app. This was
mostly balanced by the active silences (those not talk-
ing but rather physicians busy doing something actively),
which dramatically increased. Overall, physicians strug-
gled to raise their heads from the tablet. The computers
did not monopolize their attention as did the app on the
tablet. This difference could be explained by the fact that
GPs are familiar with taking notes on computers but not

! This feature was already in our pipeline, but the prototype used for this
study lacked it.
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with using a tablet to guide a consultation. The App med-
ical content tends to lead the conversation, thus becom-
ing a true third party to the consultation. The other
reason is that they were not familiar with the app and had
only 20 min to learn about how to use it.

Medical content

The total number of questions asked by physicians to
take history did not change much, but the number of
those required to identify diseases causing fever, particu-
larly tropical diseases for which physicians are generally
not familiar, increased by 1,fivefold. This was even more
true for questions related to exposures. However, physi-
cians tended to forget to ask their patients about their
past medical history and treatments for chronic diseases
while using the app (decreased by 2,12-fold) since those
questions were not part of the app’s algorithm.

Assessment of the simulated patients.

However, despite the negative impact on communica-
tion quality markers such as gazes and silences, simulated
patients rated physician communication slightly better
when he/she used the app. Patients may have appreciated
that their physicians provided more medical information
and checked more for their understanding while using
the app. Additionally, patients may place more value on
the medical aspects of the consultation than on the com-
municational aspects, knowing that fever can sometimes
be a sign of serious illness. Another explanation could be
that our questionnaire (CAT) was not sensitive enough to
capture the influence of the app.

Simulated patients also had the impression that their
physicians spent more time with them when using the
app even though the overall consultation time was
slightly shorter. Indeed, the App increased the time the
physician spent effectively with her/his patient and dras-
tically lowered the time he spent alone in his office think-
ing about the investigations and management (reflection
time). Interestingly, the physicians’ impression was that
the app lengthened the consultation.

Physicians’ assessment

Overall, physicians appreciated the positive impact of
the app on the medical aspects of the consultation. These
authors particularly valued the provision of a differen-
tial diagnosis proposal and the corresponding relevant
investigations. However, some physicians stated that the
app was “too interventionist” and that they would have
preferred to “wait and see”. The reason might be that the
balance between sensitivity and specificity that was cho-
sen for some rare but potentially serious diseases was too
high in favor of sensitivity to avoid missing the diagnosis
(this will be evaluated in a future study) or that they did
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not fully weigh up the potential lethality of some of the
travel-related diseases.

Regarding the impact on communication and the rela-
tionship with patients, their feedback on the app was
rather negative, which is in line with the findings from
analyzing the videos. Furthermore, physicians noted that
they felt less natural and that the app may have dimin-
ished patients’ trust by demonstrating the limits of their
knowledge. Furthermore, physicians struggled to find a
convenient way to integrate the use of the app in their
usual consultation process. When the App is guiding the
whole consultation, physicians expect it to be exhaustive
in terms of possible diagnoses and treatments, including
cosmopolitan (local) diseases, even if they are supposed
to be familiar with those types of diseases. This lack of
understanding of the App’s role may have deteriorated
their usual consultation structure: they neglected essen-
tial aspects of a real consultation, such as asking for their
past medical history and treatments for chronic diseases.

Consequently, one of the main complaints was that
the App considered tropical diseases but neither nonin-
fectious nor autochthonous diseases. This is a challenge
for developers of CDSAs, as it would require them to
develop an algorithm covering all existing infectious dis-
eases and even all health issues. The message provided
at the beginning of the app and the possibility of adding
other diagnoses, investigations and treatments manually
were deemed insufficient. Physicians suggested that a
clear message should regularly remind them that the app
mainly covers tropical medicine aspects and that all other
aspects of the consultation be considered.

Design of the App
Although the app was designed to be flexible, the inter-
face seems to still be too rigid to allow good consultation.
Indeed, the physicians found themselves stuck follow-
ing a series of questions that quickly led them to lose
full control of the consultation. With this new interface
(vs the old version in the form of decision trees), overall
vision was no longer achieved. Paradoxically, traditional
decision-making algorithms seem to be a better answer
to this problem since physicians see in which direction
each question leads. This is all the more true for topics
that they only partially master, as is the case for fever
upon return from the tropics, which remains a rare entity
for Swiss GPs. The present study allowed us to provide
important user-experience feedback that will be used to
improve the design of the app interface.

Potential barriers to the widespread adoption of CDSAs
in private practice.

CDSAs have struggled to find their place in the medical
world. One reason might be the weak accuracy (capac-
ity to give the right diagnosis) of some CDSAs [12]. A
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second hypothesis is that the existing tools struggle to
integrate all the symptoms of a complex clinical case.
The lack of consideration of the general clinical context
(past medical history, habits, etc.) and temporal aspects
(order of appearance of symptoms) might lead to a wrong
diagnosis and will thus be of little use to the physician
[36]. Third, not only must such a tool suit the consulta-
tion workflow as much as possible, but it must also fit the
physician’s habits and administrative obligations [14]. The
interaction of existing tools with workflows in private
practice seems to be a key issue [15]. The medical infor-
mation security [33] and interoperability [34] of systems
also seem to be obstacles to their implementation. The
potential negative impact of CDSAs on communication
between the patient and the physician, as demonstrated
in the present study, might also be a reason.

Physicians’ reluctance to use the CDSS was also men-
tioned by Sanousi et al. [35], who proposed moving away
from the “black box model’, which describes a tool whose
functioning is not known by the end user. Therefore,
they proposed the user acceptance and system adapta-
tion design (UASAD) model, which includes the end user
early on in the conception of the CDSS. Physicians were
included in the development of the FeverTravelApp app
from the beginning. However, the initial web-based non-
interactive tree representation of the algorithm had to be
abandoned when moving to the App format, leading to
the abovementioned “black box” effect, which is known
to contribute to physicians’ reluctance to use the CDSS.
To overcome this problem, it is thus essential that a tree
representation of the algorithm be provided to clinicians
next to the interactive part of the tool.

Ecological impact

However, none of the above mentioned aspects con-
sider one major challenge of our time: climate change.
The paradoxical indirect impact of digital healthcare on
health (and not only) through CO2 emissions (running
and cooling servers in datacenters, extraction of mineral
components, etc.) must be taken into consideration when
creating new digital tools [37]. The ultimate question one
should ask oneself is and should remain: “Do we truly
need it?”

Limitations of the study
This study has several limitations that should be consid-
ered when interpreting its results:

1. Small Sample Size:
The small sample size limits the statistical power and

generalizability of our findings. Our primary aim
was to qualitatively assess the influence of the Fever-
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TravelApp on physician consultations, with an intent
to generate insights for further app development
rather than to establish broad statistical conclusions.

. Use of Simulated Patients:

Employing simulated patients, while beneficial for
controlling experimental variables and ensuring
consistency in data collection, inherently restricts
the complexity of real patient interactions. Simu-
lated scenarios typically present a narrower range of
symptoms and lack the emotional and psychological
depth seen in actual clinical settings. This can influ-
ence clinical decision-making and might alter physi-
cian behavior due to the absence of real-life conse-
quences. Additionally, the use of scripted interactions
limits the dynamism of consultations and may not
accurately reflect genuine patient-physician commu-
nication dynamics. As a result, the transferability of
our results to real-world clinical practice should be
approached with caution.

. Training Period’s brevity:

The physicians’ brief 20-min familiarization period
with the app is a significant limitation. This con-
strained training likely affected their initial use of the
app, as evidenced by an increased gaze time on the
tablet, which may more accurately reflect the novelty
of the technology rather than any intrinsic flaws in
its design. Such a scenario can elevate cognitive load,
complicating the integration of the app into the diag-
nostic process. We recommend extending training
periods in future implementations to include com-
prehensive navigation tutorials and scenario-based
exercises that mirror real-life clinical encounters.
This approach would help mitigate initial unfamiliar-
ity and support smoother integration of the app into
practice.

. Methodological Limitations in Communication

Analysis:

The tools available for quantifying the quality of
clinical communication often do not account for the
modern high connectivity environment character-
ized by frequent use of digital devices [38, 39]. The
prevalent use of technology in clinical settings can
reduce the time clinicians spend looking directly at
patients, which could be misconstrued as a decline
in communication quality. In response, we developed
a custom analysis grid tailored to our study’s needs.
However, this innovation has its limitations, notably
the difficulty in comparing our findings with those
from other studies due to the lack of similar method-
ologies.
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Conclusion

The fact that CDSAs have an impact on consulta-
tion quality, whether rather positively from a clinical
point of view or rather negatively from a communica-
tion point of view, is increasingly better documented.
Although FeverTravelApp was designed to follow
the consultation process as much as possible, further
improvements accounting for user experience, includ-
ing the findings of the present study, are needed. We
found that the app tended to monopolize GPs’ atten-
tion, an aspect they were unsatisfied about, as they lost
the lead of the consultation. Most likely, because they
perceived that GPs were more comfortable with the
medical part of the consultation, simulated patients
were, however, generally more satisfied with the con-
sultation performed with the app.

Further research is needed to confirm our findings
when CDSAs are used to manage real patients, the goal
being to create CDSAs that are in line with both patients’
and GPs’ expectations.

Information technologies are undeniably reshaping
our daily lives, and physicians’ consultation rooms are no
exception. Health professionals must have a critical look
at the opportunities but also the risks related to their
impact on quality of care. Finding a balance between
the benefits of improved medical decision-making and
potential shortcomings regarding miscommunication or
workflow will prove to be essential. Our study underlines
the importance of taking patient-provider communica-
tion aspects into account when designing CDSAs if we
want to ensure uptake by clinicians and acceptability by
patients.
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