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ABSTRACT

Pre-consultation serves as a critical information exchange between
healthcare providers and patients, streamlining visits and support-
ing patient-centered care. Human-led pre-consultations offer many
benefits, yet they require significant time and energy from clinical
staff. In this work, we identify design goals for pre-consultation
chatbots given their potential to carry out human-like conversations
and autonomously adapt their line of questioning. We conducted
a study with 33 walk-in clinic patients to elicit design consider-
ations for pre-consultation chatbots. Participants were exposed
to one of two study conditions: an LLM-powered Al agent and a
Wizard-of-Oz agent simulated by medical professionals. Our study
found that both conditions were equally well-received and demon-
strated comparable conversational capabilities. However, the extent
of the follow-up questions and the amount of empathy impacted
the chatbot’s perceived thoroughness and sincerity. Patients also
highlighted the importance of setting expectations for the chatbot
before and after the pre-consultation experience.
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1 INTRODUCTION

Pre-consultation planning, also known as pre-visit or pre-encounter
planning, is broadly used to describe the information exchange
that happens between patients and healthcare providers prior to
their meeting. The process often involves asking patients about
the reasons for their visit, expectations of the visit, and relevant
medical history [27, 67, 76]. Having patients communicate this in-
formation before their visit has been found to make them feel more
prepared and at ease when articulating their concerns with physi-
cians [2, 48, 84]. This process also allows patients to convey their
expectations before the visit to foster shared decision making, and
patient-centred care [33]. Beyond improving patient’s visit satisfac-
tion, pre-consultation can also allow physicians to skip the basic
questions in favor of more targeted and meaningful discussions
with their patients [39, 65].

Paper and digital questionnaires are often used for pre-consultation
[2, 33, 65]. They have been shown to improve clinical workflows
[2, 33, 65], enhance care quality [3, 48, 77], and boost patient-
physician communication [27, 84]. Besides commonly known ef-
fects like “survey fatigue” that impact the quality of the information
collected [14, 50, 53], participants in our own research noted that
pre-consultation questionnaires they have used in the past are "too
simple and barely add any value" (P29) or "too long and complicated
with lots of questions that did not apply to my case" (P9).

For these reasons, patients often prefer conversing with a human
for pre-consultation [6, 35, 46]. Healthcare providers are able to
adapt the conversation according to patients’ medical background,
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expectations, and communication styles [46]. This affordance al-
lows them to effectively engage with patients and collect relevant
information, all while providing personalized and empathetic care
[24, 29, 31, 33]. However, human-led pre-consultations are costly
and divert resources from healthcare systems that already are short-
staffed [10, 63].

Chatbots built using large-language models (LLMs) offer the po-
tential to engage patients in a pre-consultation process that is more
similar to a discussion with a human in terms of conversation flexi-
bility and medical knowledge [36, 70, 81]. LLMs can discern users’
intentions, ask relevant follow-up questions, and improvise conver-
sations in ways that predefined conversation flows cannot [13, 32].
These capabilities have been shown to encourage users to provide
more diverse, informative, and high-quality responses [34, 78, 81].
Although pre-consultation chatbots have been proposed in prior
work [47, 69], little has been done to validate this concept in a
clinical setting with real-world patients.

To explore the design challenges associated with pre-consultation
chatbots, we conducted a study at a walk-in clinic with 33 real-world
patients who were told that they would be conversing with a fully
automated pre-consultation chatbot. Unbeknownst to them, the
chatbot was actually administered in one of two ways: (1) an Al
agent powered by GPT-4 that served as a design probe represen-
tative of existing LLMs, and (2) a Wizard-of-Oz agent that was
operated by medical professionals to emulate how a human would
go about pre-consultation while being confined to a text-based
platform. Our study was not designed to determine which of the
two conditions was superior but rather to contrast them as two
instantiations of conversational agents based on the same prompt.

The goal of our research is to understand patients’ perspectives
on pre-consultation chatbots because their receptiveness is vital
to the adoption of this technology. More specifically, we seek to
answer the following research questions:

(RQ1) How receptive are patients to the idea of interacting with a
chatbot for pre-consultation?

(RQ2) How does the content and tone of the chatbot influence
patients’ receptiveness to a pre-consultation chatbot?

(RQ3) How do patients’ prior experiences influence their receptive-
ness to a pre-consultation chatbot?

We evaluated patients’ experiences with pre-consultation chatbots

through a combination of surveys, interviews, and qualitative anal-

ysis of their conversation transcripts. Investigating these questions

allowed us to generate suggestions for future pre-consultation chat-

bot prompts that should generalize beyond the current state of

LLMs.

We found that the Al agent sometimes overused empathetic
language to the point of seeming insincere or even offensive. While
the AI agent was able to adapt its line of questioning to some
degree based on patients’ concerns, the Wizard agent featured
a higher frequency of follow-up questions that ultimately led to
conversations that participants perceived as more relevant and
thorough. Furthermore, we found that participants had varied prior
experiences with both pre-consultation and chatbots, leading to
diverse expectations of the pre-consultation chatbot’s behavior and
output. Our paper also provides broader design considerations for
chatbots within and beyond healthcare (e.g., retail and consulting)
that involve information exchange between multiple stakeholder
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groups, laying the groundwork for systems that leverage chatbots
to prepare users rather than solely assisting them in the context.
In summary, our main contributions are as follows:
o A real-world study with 33 patients at a walk-in clinic to
elicit their feedback on pre-consultation chatbots,
e In-depth analysis of the patients’ conversations with both
Al and Wizard agents to produce chatbot prompt design
requirements, and
e An understanding of how chatbots can be deployed in multi-
stakeholder scenarios to facilitate downstream conversa-
tions, particularly for clinical pre-consultation.

2 RELATED WORK

In our overview of prior literature, we first point to commentaries
on the benefits associated with clinical pre-consultation. We then
describe human-computer interaction work that has been done to
explore the trade-offs between questionnaires and chatbots. We con-
clude by describing the limited existing works on pre-consultation
chatbots.

2.1 Benefits of Clinical Pre-consultation

Clinical pre-consultation commonly involves gathering preliminary
information about a patient prior to their visit, either with a ques-
tionnaire or a conversation with a healthcare provider [65]. Studies
across different medical fields have demonstrated that the prac-
tice can make visits more effective and efficient, improve patient-
physician communication, and aid in addressing patients’ con-
cerns [2, 27, 45, 48]. Research indicates that patients often develop
expectations and preferences regarding their illness and its out-
comes prior to their clinical consultations [8, 18, 33]. Consequently,
pre-consultation also carries implications for patient satisfaction,
treatment acceptance, and adherence, as it has the potential to
shape the extent to which patients’ expectations and preferences
are recognized [20, 52]. When minimal pre-consultation is provided,
patients found that their input was not adequately considered in the
decision-making process, leading to sentiments of disappointment
and frustration [33].

Despite the advantages offered by face-to-face pre-consultation,
involving healthcare providers exacerbates the strain on an already
overburdened profession [17, 28, 31, 63]. To alleviate some of the
stress, questionnaires have been developed so patients can answer
questions about their medical background on their own. Multiple
studies support the effectiveness of pre-consultation questionnaires,
with patients reporting improved communication, reduced anxi-
ety, and feeling more heard during appointments [60, 65, 77, 84].
However, survey fatigue is a commonly cited limitation of question-
naires [53]. The static interface and the long, inflexible question
structuring can disengage patients, resulting in a lower response
rate and impacting the quality of the provided data [14, 50].

2.2 Chatbots for Gathering Information

Chatbots offer several advantages over questionnaires when it
comes to gathering information from users. Several studies have
shown that chatbots can simulate synchronous conversation and ex-
hibit a variety of conversational traits — tone, empathy, and positive
acknowledgments — resulting in a more engaging experience for
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users [34, 36, 42, 69]. In addition, chatbots have proven to be adept
at prompting and probing users for more informative responses,
thereby improving the quality of the collected data [81].

Recent advancements in large language models (LLMs) have sig-
nificantly extended their ability to carry out open-ended dialogue.
Hence, LLM-based chatbots can generate increasingly relevant re-
sponses using in-context learning [59], enabling them to dynami-
cally adapt to the ongoing conversation based on earlier content
discussed in the transcript history [37]. These affordances have led
to diverse human-centered applications that require personalized
interactions. For example, Jo et al. [32] proposed an LLM-based
chatbot that was reasonably successful at supporting senior cit-
izens at risk of loneliness and isolation. Another study by Reed
et al. [58] demonstrated that a conversational avatar using GPT-3
was effective at teaching undergraduate students how to conduct
open-ended questioning and interviews for young children. While
these studies showcase the potential of LLM-based chatbots, they
may have domain-specific findings that do not account for unique
considerations within clinical settings. These factors include but
are not limited to patients’ varied ability to express their medical
concerns due to low medical literacy [25] and the power imbalance
between patients and healthcare providers [26].

2.3 Chatbots in Healthcare

Chatbots in healthcare have experienced a steady increase in popu-
larity. Several commercial products like Babylon Health!, Ada?, and
Florence® are available for the public to inquire about their medical
concerns. Researchers have also extensively reviewed and evaluated
these chatbots for their technical design and clinical impact [1, 9, 71].
The fact that LLMs have demonstrated decent aptitude at standard-
ized medical exams has led to numerous proposals to integrate
them into existing healthcare chatbots [38, 64, 70]. Most of the
existing work in this space focuses on diagnostic chatbots designed
to provide medical recommendations. However, recent studies have
shown that these chatbots are not ready for deployment with pa-
tients due to misdiagnoses and ethical concerns around improper
guidance [4, 21]. Radionova et al. [54] also note that the use of di-
agnostic chatbots has the potential to deteriorate patient-physician
relationships. Physicians may find themselves spending more time
persuading patients to consider alternative treatments or plans,
especially when they arrive at the clinic with preconceived notions
informed by online sources [19, 44]. These challenges and others
lead us to explore other possible clinical applications of chatbots.

As described earlier, pre-consultation is a process that supports
patient-physician relationships. Although pre-consultation has many
demonstrated benefits [66, 77, 84], few researchers have developed
or evaluated pre-consultation chatbots. Ni et al. [47] and Te Pas et al.
[69] both describe potential designs for pre-consultation chatbots,
yet they did not deploy or evaluate these proposed designs with
real users. Moreover, these works were done before the boom in
LLMs, so many of the concerns and limitations they addressed at
the time may not be as relevant today.

!https://www.babylonhealth.com/
Zhttps://ada.com/
3https://florence.chat/
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For this work, we designed a pre-consultation chatbot built using
GPT-4 and evaluated it in a real-world walk-in clinic. Patients con-
versed with either our Al agent or a Wizard-of-Oz agent, allowing
us to elicit feedback on both the capabilities of present-day LLMs
and the ideal features of pre-consultation chatbots more broadly.

3 METHODS

In this section, we outline the setting in which we conducted our
study and the methods we employed to address our research ques-
tions. The study was approved by the research ethics board at the
University of Toronto and the supervising manager at the clinic
where we held our study.

3.1 Study Setting

We conducted our study at a primary care walk-in clinic in the
Greater Toronto Area over the course of eight weeks in the summer
of 2023. This clinic has a rotation of eight primary care physicians
working primarily with walk-in or urgent care patients. The clinic
serves roughly 100 patients per day with diverse socioeconomic
backgrounds and medical concerns. Prior to this study, there was no
pre-consultation protocol at the clinic. Therefore, any interventions
we introduced did not detract from the standard of care.

We chose to conduct our study in a walk-in clinic because it
epitomizes the kinds of scenarios where pre-consultation can be
most beneficial. Patients visiting a walk-in clinic are often seeking
help for semi-urgent symptoms for which they do not have time
to contact their primary care provider, or in some cases, because
they do not have a consistent primary care provider [62]. Therefore,
most patients visiting walk-in clinics do not have an existing record
with the physician from whom they are seeking help. For many en-
counters, this means that at least a few minutes of the appointment
is spent on gathering this initial medical background.

3.2 Recruitment

The recruitment pipeline for our study is illustrated in Figure 1.
Four physicians agreed to participate in our study. The lead and
second authors visited the clinic when these physicians were work-
ing and stayed for the entirety of their 6-hour shifts. On average,
each physician served 30 patients during each shift. Whenever the
clinic’s administrative staff first spoke with each of these patients to
schedule their appointments, the staff briefly introduced the study
and asked if they would be interested in participating in our study.
The lead and second authors then approached interested patients
to provide them with more details and answer any questions they
had about the study protocol.

Patients were only approached if there was a minimum of 30
minutes before their scheduled appointment to avoid delaying their
consultation with their assigned physician. The researchers ad-
ministered a brief screening questionnaire verbally to ensure the
patient qualified to participate in the study. Participants needed
to be at least 18 years of age, proficient in conversing and typing
in English, attending the clinic either as new patients or due to
new symptoms, and capable of representing themselves during the
visit. On average, roughly 4/30 = 13% of patients per shift enrolled
in our study. The biggest contributor to this drop-off was the fact
that many patients felt too ill to dedicate additional time to our
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~100 PATIENTS AT CLINIC PER DAY

Total number of patients
visiting clinic per day

(

(1PHYSICIAN EACH DAY)

~30 PATIENTS PER PHYSICIAN

Initial recruitment cast at
all patients working with
our physician that day

(

~10 PATIENTS INTERESTED

Patients interested in
learning more about study

\

~5 PATIENTS ELIGIBLE

Patients who met our
participant requirements

(

~3-4 PATIENTS ENROLLED
PER DAY

Participants enrolled and
completed our study

Figure 1: The daily process of patient recruitment that led to our patient cohort at the walk-in clinic.

study; however, time constraints and our exclusion criteria were
also major factors to our final participant cohort.

3.3 Participants

Table 1 summarizes the demographics of our study population.
There was almost an even split across self-identified genders (16
male, 17 female), and the majority of our participants were between
the ages of 25 and 34. The skew in ages can be attributed to the
demographics of people who visit walk-in clinics, as literature has
shown that younger individuals often lack a regular family doctor
and instead rely on walk-in or emergency services when seek-
ing medical care [55, 61]. Most of our participants had college- or
university-level education and self-reported having above-average
technology proficiency.

3.4 Chatbot Script Design

Our study had two conditions: an AI condition that entailed partici-
pants interacting with an LLM-based chatbot and a Wizard condition
that entailed participants interacting with a trained medical pro-
fessional who served as a Wizard-of-Oz*. We primed both agents
using the script shown in Table 2. The first half of the script served

“4For the rest of this paper, we use the word ‘chatbot’ to refer to the general concept
of a pre-consultation chatbot. Although participants were told that they would be
interacting with a chatbot, we use the terms ‘Al agent’ and ‘Wizard agent’ in reference
to their corresponding study conditions.

as instructions for the agent to behave as a chatbot, while the sec-
ond half listed the questions that the agent had to address during
conversations with participants.

The list of questions the agent was instructed to ask participants
was compiled from existing pre-consultation questionnaires [46, 60,
717, 84]. The questions covered participants’ chief medical concerns,
medical history, and social medical history which is similar to
what was observed in physician-initiated text-based consultations
[41]. Since many of the questions were derived from paper and
digital forms, the wording of the questions was adapted to be more
conversational while preserving their content as closely as possible.

The text preceding these questions in the script provided guid-
ance on how the agent should behave. The script started by instruct-
ing the agent to act as a chatbot for patient intake. This entailed
introducing themselves as a physician-assistant bot with the goal
of asking the patient questions about their impending visit in a
“medically professional manner”. To ensure that both the Al and
Wizard agents were given sufficient freedom to have dynamic and
engaging conversations with participants, the script informed them
that they could ask follow-up questions when participants gave
them a vague response. The script also informed them that they
could skip questions that were already answered.

The script underwent several rounds of iteration and improve-
ment. Six expert designers simulated patient conversations using
standardized patient scenarios drawn from literature [7, 40]. The
resulting conversations were reviewed by the HCI researchers and
clinicians on the research team. During later rounds of iteration,
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Table 1: The demographics of our patient participants (N=33).

S Al Wizard | Combined
Count | Count Count

Male 6 10 16
Gender Female 10 7 17
18-24 0 2 2
25-34 11 8 19
Age 35-44 2 4 6
45-54 0 2 2
55-64 3 1 4
High school 2 4 6
College or technical certificate 4 1 5
Education Level University Bachelor’s degree 8 8 16
Graduate or professional degree 1 4 5
Prefer not to say 1 0 1
Average 3 3 6
Technology Proficiency | Somewhat above average 11 8 19
Far above average 2 6 8

Table 2: The script provided to both the AI and Wizard agents in our study.

Prompt Script
You are a patient-intake bot.
You will introduce yourself as a physician assistant bot whose role is to ask the patient some
questions about their visit.
Your role is to ask the user the following questions in a medically professional manner, one
question at a time.
Instructions You should skip questions when the user has already provided an answer to a previous question
you asked.
You should follow up on questions whenever the response given by the user is vague.
Don’t make medical recommendations to the user.
The user will meet with the physician shortly after this chat.
Here are the questions to ask:
Q1 | What is the reason for your visit today?
Q2 | What symptoms are you experiencing?
Q3 | How would you rate the discomfort these symptoms are causing you on a scale of 1-10?
Q4 | How long have you been experiencing these symptoms?
Q5 | Have you been treated for these symptoms before? If so, what was the treatment?
Q6 | Do you have anything else you want to mention about your medical symptoms?
Q7 | Do you have any chronic medical conditions?
Questions | Q8 | Are you currently taking any medications?
Q9 | Have you had any surgeries in the past?
Q10 | Do you have any allergies?
Q11 | Do you have any family history of medical conditions?
Q12 | Have you ever had any major illnesses or hospitalizations?
Q13 | Do you use tobacco, alcohol, or recreational drugs?
Q14 | Do you have a personal or family history of mental health conditions?
Q15 | Do you have anything else you want to discuss about your medical history?

physicians at the clinic were given the chance to experiment with We also discovered that the model had a tendency to ask multiple

the chatbot in order to determine if they were willing to participate questions at the same time. Given that double-barreled questions are

in the study. Those who consented were also invited to provide known to be a bad practice in patient-physician communication and

feedback on our script. interviewing more broadly [41, 43], we added an explicit instruction
From this process, we learned that the script needed to have in the script discouraging this behavior.

explicit language to avoid making diagnostic recommendations.
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Pre-Consultation

Pre-Study Post-Study Optional
Survey Chatbot Survey Interview
Consultation With
=) M a=) = e -
= ysician

—Ir—
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Figure 2: The study procedure from the patient’s perspective after they have provided consent to participate. They first
completed a pre-study survey, after which they conversed with one of two pre-consultation agents: an Al agent powered by
GPT-4 or a Wizard-of-Oz agent that was operated by a medical professional. Participants then completed a post-study survey
before being directed back to the waiting room to await their consultation with a physician. Participants were also invited to
complete an optional semi-structured interview after their consultation to discuss their overall experience in the clinic.

3.5 Study Design

After obtaining participants’ consent to participate in the study, we
directed them to an empty examination room so that they could
complete the protocol in a quiet and private space. Participants
used a laptop in the room to complete surveys and go through the
pre-consultation process. As shown in Figure 2, all participants
first went through a pre-study survey. The survey had questions
asking about participants’ demographics, education, familiarity
with chatbots, and past experiences with pre-consultation. Partic-
ipants were then asked to have a text-based conversation with a
pre-consultation chatbot, but unbeknownst to them, they were ran-
domly assigned either the Al or Wizard agent. More details on these
two conditions are provided in Section 3.6. After the conversation,
participants completed a post-study survey to provide feedback on
their experiences. More specifically, they were asked to rate the
structure and flow of the conversation, the relevance of the agent’s
messages, and the extent to which they felt they were able to ex-
press their situation. These questions were adapted from metrics
proposed by Abd-Alrazaq et al. [1] for the technical evaluation of
healthcare chatbots.

The procedure described so far took roughly 30 minutes, with
the pre-consultation chatbot conversation taking between 10 and
15 minutes. Once participants completed the final survey, they
received $15 CAD as compensation before getting sent back to
the clinic’s waiting area so that they could await their actual ap-
pointment. A summary of each participant’s pre-consultation was
generated by the wizard and handed to their physician so that they
too could benefit from the pre-consultation process. Since the focus
of this paper relates to design requirements for pre-consultation
chatbots, we leave questions about how the pre-consultation sum-
mary impacted face-to-face conversations between patients and
physicians for future work.

After participants had their appointment with the physician,
they were given the opportunity to participate in an optional semi-
structured interview. Participants were asked more specific ques-
tions about their experiences interacting with the chatbot, namely
the depth of the questions they were asked, the relevance of the
questions, the naturalness of the questions, the user experience,
and the overall clinical experience. These interviews took around

15 to 20 minutes, and participants were compensated an additional
$15 CAD for their time.

3.6 Chatbot Interaction and Conditions

We randomly assigned each of the 33 participants to either the Al
or Wizard condition, leading to 16 participants in the AI condition
and 17 in the Wizard condition. Participants were not aware of
which study condition they were assigned, and in either case, they
were told that they would be interacting with a chatbot. The Al
condition was built on the latest version of OpenAI’s GPT-4 [49]
since it was one of the most advanced and accessible LLMs at the
time of the study (Summer 2023). We also preferred GPT-4 over
LLMs catered to medical tasks because we valued conversationality
just as much as we did medical expertise, especially given our
chatbot’s limited directive of performing clinical pre-consultation
rather than diagnosis. We set the model’s temperature to 1 and
the maximum token length to 4096 to ensure that the chatbot had
flexibility in providing diverse responses. The Wizard condition was
operated by one of two medically licensed healthcare professionals.
One of the wizards was a medical resident receiving training in
primary care, and the other was an international medical graduate
who was in the process of applying for residency.

Participant privacy was a major consideration for our research.
All of the chatbot dialogue took place over the HIPAA-compliant
platform Highside®; a screenshot of the interface is provided in
Supplementary Figure 1. Participants conversed through the inter-
face using pre-generated accounts with alphanumeric identifiers
rather than their names. Regardless of whether participants were
assigned to the Al or Wizard conditions, a human was in the loop
in order to ensure that personally identifiable information was han-
dled responsibly. In the Wizard condition, the wizard replied back
to the participants as they would in any other synchronous text
messaging exchange. In the Al condition, the wizard served as an
intermediary — submitting participants’ messages to GPT-4 and
then copying its responses back into Highside. In the event that
participants revealed sensitive data, the wizard was instructed to
replace identifiable information with a generic placeholder; how-
ever, this precautionary measure was never required. There was no
noticeable difference in response speed between the two conditions,

Shttps://highside.io/
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as a similar amount of latency was introduced in both. In the AI
condition, time was required to manually copy responses between
the chat interface and OpenAl, and in the Wizard condition, time
was required to manually type out each response.

3.7 Analysis

Our analyses were primarily qualitative in nature as we sought to
elicit design recommendations rather than attempting to assert that
one condition was strictly better than the other. However, we used
some descriptive statistics and statistical tests to identify promi-
nent differences across the conditions. We compared participants’
post-study survey responses using Kruskal-Wallis tests since the
ratings were not normally distributed. Meanwhile, we calculated
the number of messages sent and words exchanged by all parties
and compared these values across conditions using t-tests.

To initiate our qualitative analysis, we first conducted partial
closed-ended coding to categorize the questions that were asked
by the agents. This was a non-trivial procedure since both enti-
ties were allowed to rephrase questions, skip questions, and ask
follow-up questions as they deemed fit. All conversation turns were
coded individually by two researchers who reached an agreement
score of 0.94 according to Cohen’s k. There were a total of 15 codes,
with each one mapping to one of the 15 original questions pro-
vided in the script. Follow-up questions were given a code that
reflected the original question that prompted it (e.g., 4.1 to indi-
cate a follow-up to the fourth question), and skipped questions
were noted. These codes are enumerated more comprehensively in
Supplementary Table 2 of the Appendix. To better understand the
contents of agents’ messages, we categorized their utterances into
the categories listed in Table 3. The same two researchers coded
each utterance, achieving a Cohen’s k of 0.83.

Finally, we transcribed the interviews and processed them using
thematic analysis [12]. We derived codes related to the questions
that were asked by the chatbot, the language and wording that the
chatbot used, and how the pre-consultation chatbot influenced par-
ticipants’ overall clinical experience. We also extracted participants’
quotes from these transcripts as shown in Supplementary Table 3
of the Appendix .

3.8 DPositionality

The study was conducted at a local walk-in clinic located in the city
of Toronto, Canada. One of the authors is a practicing family physi-
cian with industry experience in building technology for healthcare.
The authors who participated as wizards have international med-
ical degrees with one of them currently in residency at a major
hospital. The rest of the authors are human-computer interaction
researchers who often work at the intersection of computer science
and healthcare. With the exception of one author based in India, the
rest of the authors and physicians who participated in our research
are based in a single major metropolitan area in North America.

4 FINDINGS

In Section 4.1, we use participants’ feedback to support the per-
ceived value of a pre-consultation chatbot and the perceived quality
of the agents in both study conditions. In Sections 4.2 and 4.3,
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we provide both quantitative and qualitative analyses of the con-
versation content, detailing strengths and weaknesses that were
identified in the agents. We first examine how the agents com-
bined, followed up, and skipped questions, as well as the extent to
which participants responded to these questions. We then recount
how participants felt about the agents’ tone and clarity. Finally,
Sections 4.4 and 4.5 explore how the pre-consultation chatbot inter-
action was situated in the clinical experience. We first comment on
the range of preconceptions and expectations that participants had
of chatbots prior to joining our study, which influenced their ini-
tial reactions to the experience. We then describe the features that
participants would have liked to have seen as they concluded their
conversation and awaited their face-to-face clinical consultations.

4.1 Receptiveness to Pre-Consultation Chatbots

4.1.1 Overall Experience. From our post-study survey, we found
that participants in both conditions had an overall positive expe-
rience with what they believed to be a pre-consultation chatbot.
As shown in Figure 3, a majority of the participants said that they
would be willing to use the chatbot ‘most of the time’ or ‘always’
during their future clinic visits. Participants praised the chatbot’s
ability to comprehend and deliver English text regardless of their
assigned study condition, showing that the chatbot exhibited con-
versational qualities rivaling those of humans.

When asked to explain the value they saw in the chatbot, most
participants commented that they recognized the potential for the
chatbot to help their doctors collect information before their ap-
pointments. Knowing that they would eventually be speaking with
a physician, participants were reassured that conversing with the
chatbot would be unlikely to negatively influence their clinical
consultations. In fact, this perception influenced the way that some
participants interacted with the agents:

Ikept things brief and high-level. The chatbot isn’t going
to diagnose me; the doctor is. The chatbot needs to know
enough about the topics we’ll be discussing to prepare
the doctor. (P9, Al agent)

Participants also noted that conversing with the agents provided
benefits to themselves. For example, they mentioned that the con-
versation helped prepare them for questions that could have been
asked during their appointments:

I think it kind of made me think about how I was feeling
before I went into my appointment so I have better an-
swers for the doctor. Like, it was asking me how long my
symptoms were, and I had to think about it. I wouldn’t
have had that answer if the doctor had asked me. (P18,
Wizard agent)

Participants appreciated that conversing with a chatbot gave them
the chance to think and respond to questions at their own pace. This
affordance was especially important for participants who typically
felt anxious speaking face-to-face with others, noting that "being
able to type versus talk is much easier for [them] to express how
[they were] feeling". Similarly, P28 also commented on how the
conversation gave them time to respond to the chatbot’s questions
without feeling rushed. They stated that if they were speaking to a
person, "they’re not going to push me away, but it affects me mentally
when I know that someone is waiting and I have to kind of be quick".
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Table 3: The coding that was used to categorize the utterances sent by agents during the chatbot conversations.
Categories Utterance codes Example
. From Script (Q1-Q15) "What is the reason for your visit today?" (Table 2)
Questions " . . "
Follow-up Is the pain constant, or does it come and go?
Salutation "Hello, I am a physician assistant bot." or "It was a
pleasure chatting with you today!"
Appreciation "Thank you for your honesty"
Empathy pprecte. " you Lory Y
Compassion I am sorry
Acknowledgement "I see" or "I understand you’re experiencing pain in the
left region of your jaw"
Directing Conversation | "Lets start with your symptoms one at a time."
Informing Context "This information is important for your medical record and
Explanation can help your physician provide the best care."
Instructions "Please make sure to have the names and dosages of your
medications ready before your appointment."
Always Most of the time About half of the time Sometime Never
Al Condition Wizard Condition
How willing would you be
to use this chatbot for | 19% 50% 12% 12% 6% - 12% 47% 18% 18% 6%
your next walk-in visit? T T T T T T T T
0.0 20.0 40.0 60.0 80.0 100.0 0.0 20.0 40.0 60.0 80.0 100.0
Percentage Percentage

Figure 3: Participants’ ratings regarding their willingness to use a pre-consultation chatbot in the future: (left) AI condition and

(right) Wizard condition.

4.1.2  Engagement with the Agents. Figure 4 shows how partici-
pants rated the two conditions according to the conversation qual-
ity metrics we adopted from Abd-Alrazaq et al. [1]. We observed
that participants who conversed with the Al agent gave comparable
positive ratings relative to those who spoke to the Wizard agent.
Kruskal-Wallis statistical tests showed no significant differences
(p » 0.10) for any of these metrics between the conditions.

All respondents believed that the chatbot asked questions in a
logical order and had a good grasp of the English language. More
than 80% of the participants felt that the chatbot understood their
responses and asked questions that were relevant to their health.
Finally, more than 60% of the participants felt that the chatbot was
engaging and had a good grasp of medical knowledge. We use
these observations to conclude that the Al agent was reasonably
successful in carrying out natural conversations with participants.
Although the ratings for the Wizard agent were similar, we observed
that they occasionally had typos that may have influenced how
participants perceived their grasp of the English language. However,
in either condition, the mistakes were not obvious or prevalent
enough for participants to believe that it would not be suitable for
real-world use.

4.2 Conversation Content: What Was Said

Although participants gave comparable ratings for the conversation
experience across both conditions, we delved into the quantitative
characteristics of their conversation messages as an objective proxy
for engagement. We then examine the sequence of questions asked

by the Wizard agent and the Al agent to identify any patterns that
participants appreciated or disliked in either condition.

4.2.1 Conversations and Word Counts. Figure 5 illustrates the dis-
tributions of the number of messages exchanged as well as the
number of words sent between the agents and the participants;
the corresponding values can be found in Supplementary Table 1.
Both the agents and the participants sent an average of nearly 3
more messages in the Wizard condition than they did in the Al
condition. A pairwise t-test shows that the difference between the
conditions was significant for both participants (t=-3.24, p < .05)
and the agents (t=-3.78, p < .05). As we will show in Section 4.2.2,
this is due in large part to the fact that the Wizard agent tended to
ask more follow-up questions.

Regarding the total word counts, we observe that the Al agent
used 50 more words on average compared to the Wizard agent,
indicating that the AI agent was slightly more verbose than the
Wizard agent. Despite this difference, participants in the Wizard
condition typed an average of 10 more words compared to those
in the AI condition. However, neither of these differences was
statistically significant according to pairwise t-tests.

4.2.2  Pattern of Questioning. Table 4 summarizes how the original
list of questions was modified by both agents. Despite being explic-
itly instructed to avoid double-barreled questions by the script, both
agents occasionally combined two questions into a single message.
The Wizard agent often combined Q2 and Q4 together in order to
query both the symptoms that participants were experiencing and
the duration of those symptoms, as shown below.
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Strongly agree Somewhat agree Neither agree nor disagree Somewhat disagree Strongly disagree
Al Condition Wizard Condition
The chatbot kept the _ 44% 19% 31% 6% - 35% 1% 18% 6%

conversation engaging

The chatbot seemed to
have a good grasp of the - 88% 12% b 1% 24% 6%)
English language

The chatbot seemed to
have a good grasp of - 25% 38% 31% 6% — 24% 41% 24% 6% 6%
medical knowledge

The chatbot seemed to
understand what | was 44% 44% 12% - 59% 29% 6% 6%)
saying

Questions

The chatbot asked
questions that were 31% 50% 12% 6% = 47% 29% 6% 18%

relevant to my health

The chatbot asked

questions in a logical - 3% 27% E 53% 41% 6%
Order T T T T 1 1 1 1
0.0 20.0 40.0 60.0 80.0 100.0 0.0 20.0 40.0 60.0 80.0 100.0
Percentage Percentage

Figure 4: Participants’ ratings regarding the perceived quality of the pre-consultation chatbot according to metrics by Abd-
Alrazaq et al. [1]: (left) AI condition and (right) Wizard condition.
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(a) The number of messages sent by agents and participants. (b) The total word count for agents and participants.
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Figure 5: Quantitative metrics indicating the length of conversations between agents and participants (*p <.05, **p < .01,
p <.001).

I am sorry to hear about that. Tell me When asked about this habit, they noted that they would often
about your symptoms and since how long have ask these questions together during face-to-face consultations with
you been experiencing this? [Wizard agent in patients.

response to P14, conversation]
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Table 4: The question codes that were combined and their
usage frequency across the AI and Wizard agents.

. . Usage Frequenc
Combined Questions |-, Agengt W(ilzard Xgent
1+2 0% (0/16) 5.9% (1/17)
2+4 6.3% (1/16) | 2.9% (5/17)
3+5 6.3% (1/16) 0% (0/17)
4+5 6.3% (1/16) 0% (0/17)
6+7 1.3% (2/16) 0% (0/17)
9+12 0% (0/16) 5.9% (1/17)

An example of questions that were paired together by the AI
agent was Q6 and Q7. These questions dealt with distinct topics: lin-
gering details about symptoms that had not already been mentioned
and the patient’s medical history, respectively.

Understood. Do you have anything else you
want to mention about your medical symptoms?
Additionally, let’s move on to discuss some
details of your medical history: Do you have
any chronic medical conditions? [AI agent in
response to P2, conversation]

On the one hand, grouping these questions together may have
been a way of facilitating a transition between points of discus-
sion. However, participants noted that groups of orthogonal ques-
tions like these made them feel like the topic of the discussion
had changed, thereby discouraging them from addressing the first
question in the pair.

When [the chatbot] asked the open-ended question, "Is
there any more information that you would like to
give?", I couldn’t recall that information at that mo-
ment and it moved on quickly. (P9, Al agent)

One of the more significant differences we observed between
the Al agent and Wizard agent was the frequency and origins of
follow-up questions. The Wizard agent asked an average of 3.0 ad-
ditional questions per participant, while the Al agent only asked 0.4
additional questions per participant. The distribution of follow-up
questions according to our original script is shown in Table 5, while
specific examples asked by the Al and Wizard agents are shown in
Figure 6. The most frequent questions added by the Wizard agent
involved symptom presentation (Q2), medication usage (Q8), and
the consumption of alcohol, drugs, and tobacco (Q13). The Al agent
rarely asked additional questions on these topics, instead keeping
follow-up questions limited to moments when participants gave
brief and vague responses. Several participants in the Al condition
were also caught off guard by the occasional lack of follow-up ques-
tioning that they would have expected from a health professional.

Maybe the follow-up questions that the chatbot can ask
are not quite as specific as a nurse would ... When it
asked about my family history and I said my mom has
several allergies, it didn’t ask for what those were ... and
I'was kind of expecting it to ask that ... I thought it could
have been relevant. (P25, Al agent)

Because participants were not always asked the questions they an-
ticipated, they sometimes felt that the thoroughness and relevance

Li et al.

of the conversation content were lacking. For participants who
were less familiar with pre-consultation in general, the shallow
depth of information exchange caused them to question the point
of the chatbot interaction entirely.

Since both agents merged and added questions during the con-
versations, they sporadically skipped questions that had already
been addressed. The Al agent was more prone to skip questions,
doing so an average of 1.0 times per participant compared to the
0.7 times per participant by the Wizard agent. The most frequently
skipped question related to participants’ symptoms (Q2) because
that topic was often addressed in their response to the previous
question on their reason for visiting the clinic (Q1).

Supplementary Figure 2 and Supplementary Figure 3 show how
the AT and Wizard agents adapted the order of the questions to
suit the flow of the conversation. The Wizard agent made more
adjustments to the question sequence, particularly when partici-
pants presented with multiple medical issues. Figure 7 illustrates
an example of this behavior as the Wizard agent in that situation
decided to cycle through questions one issue at a time to avoid
significant context switching. This is in contrast to how the Al
agent handled a similar situation illustrated in Figure 8. When the
AT agent asked about the severity of all three symptoms at once,
P30 responded with a single severity rating, thereby introducing
ambiguity regarding the symptom being referenced.

4.3 Conversation Language: How It Was Said

Among the 645 utterances by the Al agent, 275 (43%) were ques-
tions, 256 (39%) were expressions of empathy and 114 (18%) were
explanations. Among the 630 utterances by the Wizard agent, 335
(53%) were questions, 214 (34%) were expressions of empathy and
81 (13%) were explanations. The breakdown of these utterances is
further shown in Table 6. Below, we examine the notable differences
between our two conditions and how they influenced participants’
reactions to the corresponding agents.

4.3.1 Procedural Comments and Explanations. The Wizard agent
often used language to direct the conversation and guide partici-
pants through their line of questioning, more so than the Al agent.
These comments were particularly helpful for situations when par-
ticipants reported having multiple medical issues, as shown earlier
in Figure 7.

While the Al agent was not as proficient in this regard, it pro-
vided many short procedural utterances that indicated transitions
between topics, including utterances like "Moving onto the next
question" and "Let’s continue". In addition, the Al agent was
more likely to explain to participants why certain questions were
being asked. Such utterances involved informing participants about
how their responses to questions would contribute to the clinical
information-gathering process. For example, several participants
mentioned that they did not share some components of their medi-
cal history because they did not perceive it to be relevant to their
current visit. However, as depicted in Figure 9, the added explana-
tions may have helped clarify some of the concerns they had when
it came to sharing their personal medical information, leading them
to disclose more.
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Chatbot

Do you use tobacco, alcohol, or recreational drugs?

Patient
Chatbot yes
Please specify which substances you use and how
frequently you use them. This information is
important for your medical record and can help your
physician provide the best care.
Patient

weed and alcohol 9

Thank you for sharing that information. How often
do you consume alcohol and use marijuana?

Chatbot

Patient

once a week e

(a) The AI agent following up responses by P17.

Figure 6: Examples of follow-up questions asked by both the AI and Wizard agents. The conversation interface for this and
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Chatbot
-] Hello, | am a physician assistant bot. My role is to ask
you some questions about your visit today before
you meet with the doctor. What is the reason for your
visit today?

Patient

Lower back pain e
Chatbot

-] Sorry to hear about that. What symptoms are you
experiencing? pationt

sever pain when | stand for a while and | feel hard to e
do the regular day to day activities

That seems really bothersome. Doe sit always come
when you are standing? or does it bother you at rest
as well?

bothers when only when | am standing and as soon as e
| wake up

(b) The Wizard agent following up responses by P26.

Chatbot

Patient

future conversation examples have been altered for clarity. The original interface is shown in Supplementary Figure 1.

Table 5: The average rate of followed-up questions and skipped questions across the AI and Wizard agents.

Question # Follow-up Rate Skip Rate
Al Agent | Wizard Agent | Al Agent | Wizard Agent
1 0% (0/16) 5.9% (1/17) 0% (0/16) 0% (0/17)
2 0% (0/16) 100% (17/17) | 31.3% (5/16) | 17.6% (3/17)
3 0% (0/16) 11.8% (2/17) | 6.3% (1/16) 0% (0/17)
4 0% (0/16) 5.9% (1/17) | 18.8% (3/16) | 17.6% (3/17)
5 0% (0/16) 17.6% (3/17) | 6.3% (1/16) 5.9% (1/17)
6 0% (0/16) 0% (0/17) 12.5% (2/16) | 5.9% (1/17)
7 0% (0/16) 5.9% (1/17) 6.3% (1/16) 0% (0/17)
8 6.3% (1/16) | 70.6%(12/17) 0% (0/16) 0% (0/17)
9 12.5% (2/16) | 5.9% (1/17) 0% (0/16) 5.9% (1/17)
10 0% (0/16) 11.8% (2/17) 0% (0/16) 0% (0/17)
11 12.5% (2/16) |  23.5% (4/17) 0% (0/16) 0% (0/17)
12 0% (0/16) 17.6% (3/17) | 6.3% (1/16) 5.9% (1/17)
13 18.8% (3/16) |  23.5% (4/17) 0% (0/16) 0% (0/17)
14 6.3% (1/16) 5.9% (1/17) 0% (0/16) 5.9% (1/17)
15 0% (0/16) 0% (0/17) 6.3% (1/16) 0% (0/17)

Table 6: The categories and utterance codes from the Al and Wizard agent transcripts.

Categories Utterence codes Al Agent Wizard Agent
& (Average per Conversation) | (Average per Conversation)

. From Script (Q1-Q15) 15.9 (254/16) 16.3 (277/17)
Questions | p liow-up 1.3 (21/16) 3.4 (58/17)
Salutation 1.4 (23/16) 1.2 (20/17)

Appreciation 8.3 (132/16) 6.6 (112/17)
T Compassion 1.4 (22/16) 2.7 (45/17)
Acknowledgement 4.9 (79/16) 2.2 (37/17)

Directing Conversation 0.6 (9/16) 0.7 (11/17)

Explanation | Informing Context 5.8 (93/16) 3.6 (62/17)
Instructions 0.8 (12/16) 0.5 (8/17)
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Chatbot

Hello, | am a physician assistant bot. My role is to ask you some
questions about your visit before you meet with the physician. Let's

get started. What is the reason for your visit today?
Patient

my seasonal allergies are really bad and i coughed up a bit of blood e
with my phlem

Chatbot

Sorry to hear about that, that must be very distressing. Please tell me

more about your symptoms?
Patient

my sinuses are blocked, I'm having a wheezing cough, headache with

lots of pressure in my head, and the small amount of blood being
coughed up

Chatbot

Lets start with your sinuses. Since how long have your sinuses been
blocked?

Patient

for about 3 days e
Chatbot

And what about the wheezing cough and pressure in your head? How

long have they been bothering you?
Patient

the cough started yesterday but the pressure has been for about 3 days e

Figure 7: The Wizard agent adapting their line of questioning to multiple medical concerns mentioned by P18.

Chatbot

Hello, I'm your physician assistant bot, here to ask a few preliminary
questions before your meeting with the physician. Firstly, | would like

to know the reason for your visit today?
Patient

i am definitely not feeling well such as headache, coughing and chest e

pain

Chatbot

I'm sorry to hear that you're not feeling well. On a scale from 1-10, with
10 being the highest discomfort, how would you rate the discomfort
these symptoms - headache, coughing, and chest pain — are causing

you?
Patient

ge

Chatbot

I'm really sorry to hear that you're feeling this discomfort. Can you tell
me how long you've been experiencing these symptoms of headache,
coughing and chest pain?

Patient

since last saturday. it started by getting cold as a result of sweating e
and using the AC

Figure 8: The AI agent asking about all of P30’s symptoms at the same time, resulting in an ambiguity about which symptom is
being discussed in later messages.

4.3.2  Excessive Appreciation, Compassion, and Acknowledgements. participants also found the appreciative tones to be counterintu-
Politeness and professionalism are important traits for physicians itive coming from what they believed to be an Al agent because
to convey while talking with patients, and some participants ap- they expected algorithms to have fewer human-like mannerisms.

preciated these empathetic traits by the agents. However, some
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Chatbot
> Understood. Do you have a personal or
family history of mental health conditions? Patient

YES
Chatbot

&= Could you please provide a bit more detail?
Your privacy is respected and this information
helps us in providing a complete care for you. Patient

Depression, anxiety, and BPD
Chatbot

Thank you for sharing that. It's really important to
have a full picture of your health. Lastly, is there
anything else significant about your medical history
that you think we should know about?

Figure 9: The Al agent explaining to P27 the importance of
providing detailed information during pre-consultation.

I did find that to be almost strange. Like I know that
I'm talking to like a robot, and the robot’s talking like
a person ... To me, I found it strange because I'm like,
"You can’t feel sorry; you're literally a robot". (P25, Al
agent)

This comment was raised more frequently by participants in the AI
condition, which could be related to the Al agent’s propensity to
include added remarks of appreciation and acknowledgment like
"Thank you for sharing" and "Understood". In fact, some participants
in this condition felt that the agent’s empathy became monotonous,
tiresome, and borderline disingenuous.

When you know it’s a chatbot and it’s an automatic
answer that you’re getting, like you know, "I'm sorry
to hear that', it just seems very fake. Like unnecessary
... You’re really not sorry, you really don’t care ... Like
"Thanks for my honesty"? What is it? Am I hiding that
I'm an alcoholic? That part I thought was weird. (P17,
Al agent)

This comment emphasizes that while an empathetic tone can make
a chatbot’s messages feel more human-like, excessive displays of
empathy can actually disrupt users’ experiences and may sometimes
even come across as insincere.

Another component of physician professionalism is the notion
of active listening, which entails conveying to patients that their
concerns are being heard. Physicians use verbal cues (e.g., affirma-
tions, paraphrasing) and non-verbal cues (e.g., nodding, eye contact)
during their conversations with patients to acknowledge what is
being said. The AI agent in our study actually included more ac-
knowledgments while conversing with participants compared to
the Wizard agent. Again, participants occasionally felt that the AI
agent overused these statements, distracting them from the task at
hand and making the conversation unnecessarily verbose.
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4.4 User Experience: Expectations Prior to the
Conversation

Although participants were given some background about the
study’s purpose prior to conversing with the agents, we found
that their prior experiences with pre-consultation and chatbots
influenced how they approached the task.

4.4.1 Expectations of Pre-Consultation. We found that participants’
presumptions about the pre-consultation process impacted how
they viewed the chatbot conversation. Participants who had experi-
enced some form of pre-consultation recognized that the purpose of
the conversation was to help their physician get a better overview
of their medical concerns. These participants opened up to the chat-
bot freely without feeling the need to hold back any information.
They also rated the interaction highly and enjoyed this experience
more than their prior interactions with intake nurses. They felt
more comfortable providing information to the chatbot and trusted
that the chatbot would be able to accurately relay their responses
to their physician.

The chatbot seems easier than when you talk to a pre-
screening person. They’re usually not as thorough as
a chatbot. Like, they miss questions. They also don’t
record your answers as well. (P20, Wizard agent)

Participants who had no experience with pre-consultation of-
ten took longer to understand the purpose of some of the agents’
questions, despite being told that a summary of the conversation
would be given to their physician. This was particularly apparent
when the agents asked questions about participants’ medical his-
tory. Many participants did not understand the relevance of their
family’s medical history to their current visit to the clinic, especially
when they considered their medical concerns to be straightforward.

I came in for a simple matter. I had to sit and fill out
information about past surgeries, health ... you know,
yeah, health history, and all of that ... And I understand
that’s important ... But it wasn’t important for why I
was coming in. (P12, Al agent)

Participants in these situations believed that fewer questions and
less investigation from the chatbot were needed. They preferred
for the chatbot to recognize the simplicity of their chief medical
complaint and to stop the conversation early because the addi-
tional questions were not important for their physician. On the
other hand, some participants who were previously unfamiliar with
pre-consultation began to recognize the chatbot’s goals as they pro-
gressed through the conversation. They initially found the chatbot’s
questions to be overly basic but later deduced that the information
would serve as a good icebreaker for their physicians to ask for
more information, although it would come at the slight cost of
revisiting topics that were touched upon by the chatbot.

4.4.2  Expectations of Chatbots. We also discovered that partici-
pants’ presumptions of chatbots significantly influenced their initial
expectations for the conversation. Many participants did not expect
the conversation to be similar to one they would have with a human.
They expected chatbots to sound "robotic" and did not consider
that to be a flaw. After conversing with the agent, P28 expressed
the following opinion:
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At the end of the day, I know it’s an AL It’s a very
different expectation when it comes to AL When I see
a human, I don’t want it to be robotic. But when I see
an AL I don’t care if it’s human-like ... At the end of
the day, I want precise answers. That’s the expectation
there ...So if I am talking to a chatbot, even if it’s not
asking me my name or something, that’s fine ...I mean
it would be a very unreal expectation of me to have the
Al talk to me as a human. (P28, Wizard agent)

This view is particularly noteworthy because P28 was enrolled
in the Wizard condition. Although the Wizard agent used less
repetitive language and was more adept in guiding participants
through non-linear conversational flows, P28 still believed that they
were talking with an Al agent and prioritized its medical accuracy
over its conversational skills.

Some participants also expected that chatbots would be less
sophisticated in their ability to comprehend participants’ messages.
Regardless of whether they were conversing with an Al agent or
a Wizard agent, participants purposefully altered their responses
from how they would normally say things to make it easier for the
agents to understand.

I'was trying to keep it short and not too detailed. Because
I know it might be a little tougher for it, but I don’t know
if that’s accurate or not. Like, does it pick up all those
little details? So yeah, maybe I was holding back. (P14,
Wizard agent)

The assumption that chatbots can only process simple sentences led
some participants to shorten their messages and others to simplify
their terminology. Participants may not have made these adjust-
ments had they known that LLMs have made chatbots increasingly
capable of comprehending complex messages, which would have
streamlined the pre-consultation experience since they would not
have felt compelled to reword their initial thoughts.

A limitation that participants were less willing to tolerate from
chatbots was faulty lines of questioning. They noted that while it
would be forgivable for a human with a finite memory capacity
to forget previously discussed topics, chatbots should be able to
keep an accurate and persistent memory of what had already been
covered.

When you’re doing it on the chatbot, it is better docu-
mented than human interactions ... When you're talk-
ing to a person, there are usually some mistakes that
they make when transcribing the information for sure. (P20,
Wizard agent)

Therefore, they believed that chatbots would also be able to use that
information to skip irrelevant or redundant questions. Although
both the Wizard and Al agents occasionally skipped questions,
participants’ presumptions about pre-consultation may have influ-
enced their opinions on which questions were unnecessary.

4.4.3 Expectations and Concerns about Privacy. Participants were
given assurances about data privacy before consenting to enroll
in our study, and many of them were satisfied with these guaran-
tees because of their existing trust in the healthcare system. This
sentiment was particularly prominent among younger participants
who were generally more accustomed to sharing information on
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the Internet. People like P15 recognized that their personal and
medical information were already being stored digitally at various
clinics, so having a record of their pre-consultation conversation
was simply another entry in those systems.

In fact, some participants even considered conversing with an Al
agent to be a way of enhancing their privacy since it allowed them
to disclose sensitive information without being directly observed
by a human who may judge their responses.

I’'m not bothered by putting things out on the Internet.
Or maybe it’s just my age showing, but I would prefer
this over talking openly in front of like a roomful of
people. (P27, Al agent)

Nevertheless, there were some participants who still expressed
concerns about data privacy. They had questions about what data
was being stored, how the data may be accessed, and who had
access to the conversation record and summaries. Because their
conversations were being typed out, these individuals recognized
the potential permanence of their responses.

It feels different to have a conversation with a person
where nothing’s being written down necessarily versus
typing something in ... And that kind of makes you
feel like it’s like a permanent record, even if it isn’t
...something that like exists in the world though. (P25,
Al agent)

These opinions were often connected to participants’ prior expe-
riences with pre-consultation. Those who had never experienced
any form of pre-consultation were more skeptical about whether
their conversations with the chatbot would be kept private. On the
other hand, those who had been seen by an intake nurse before
had a better idea of the type and depth of information that was
being recorded since they could observe the nurse typing on their
computer or writing on their notepad.

4.5 User Experience: Guiding Patients Back to
the Clinic

Although evaluating the influence of the different study conditions
on the actual physician consultation was beyond the scope of this
work, we highlight multiple themes that emerged regarding how
participants situated the idea of a pre-consultation chatbot in their
broader clinic visit.

4.5.1 Post-Conversation Summary. To ensure that participants were
incentivized to converse with the agents, the Wizard agent sum-
marized conversations from both conditions and handed those
summaries to the physicians prior to their consultations. Many
participants commented that they also would have wanted to see
those summaries, with some expressing the concern that the agent
might have misinterpreted the intent or subtext of their messages.
Conversely, some participants were worried that they were the ones
who misunderstood the topics being discussed, so they wanted to
verify that their words were not being taken out of context.

I'would like to see the summary because maybel... maybe
I misunderstood the question and provided the wrong
information. And at the end of the summary, I would
say like, "Oh, I didn’t say that or I didn’t mean to say
that". (P9, Al agent)
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Regardless of whether participants believed they or the agents
were at fault, they suggested that seeing the final outcome of the
interaction would have served as a safety measure to mitigate
downstream errors.

4.5.2 Instructions for Next Steps. After completing the study, sev-
eral participants were confused about how to proceed with the
rest of their clinic visit. As before, these expectations were largely
informed by participants’ familiarity with pre-consultation at other
clinics. Some assumed that the agent would give them a diagnosis
or medical advice, while others assumed that they would be seen
by their assigned physician immediately after. Neither was true, as
the script specifically prohibited the agents from giving advice to
participants and participants were sent back to the waiting area to
be called by the reception desk for their appointment.

In some cases, the Al agent actually alleviated this confusion.
Without any prompting in the script, the Al agent occasionally
gave participants instructions about how they should proceed.

Thank you for providing all the necessary
information. The physician will review this
information before your consultation. If they
need any further details or clarification,
they will ask during your appointment. Please
wait for further instructions to meet with
the physician. Have a great day! [Al agent in
response to P9, conversation]

Participants appreciated these kinds of messages because they ex-
plained how the pre-consultation was situated in their clinic visit.
By telling patients that the physician would be reading a summary
of their interaction, the Al agent reminded them that any and all
health recommendations would be given by humans. Meanwhile,
the fact that the AT agent told patients that they could clarify or
revise their responses upon meeting with their physician provided
them peace of mind in case they recalled new information later.

5 DISCUSSION

For our discussion, we first summarize some of the benefits partici-
pants perceived from using the pre-consultation chatbot. We then
reflect on how our findings connect back to the initial prompt we
gave the agents in order to suggest future design considerations in
this space. To conclude, we propose ideas on how to better situate
pre-consultation chatbots into patients’ clinical experiences and
discuss insights that may generalize to other information-gathering
chatbots.

5.1 Perceived Benefits of Using
Pre-Consultation Chatbots

Our participants saw value in having a chatbot collect preliminary
information before the visit to help inform their doctor. They also
appreciated the interaction because it was engaging and allowed
them to reflect on their concerns at their own pace, which helped
them feel more prepared for their appointment. These findings align
with existing literature on the benefits of pre-consultation and the
use of pre-consultation questionnaires [2, 33, 56, 65, 67, 77, 84].
The benefits of engaging in pre-consultation were noticed by par-
ticipants in both study conditions. Whether they were interacting

CHI ’24, May 11-16, 2024, Honolulu, HI, USA

with the Al or Wizard agents, participants felt that the agent had
moderate success at adapting its line of questioning using logic and
medical knowledge. In fact, participants who conversed with the
Al agent particularly appreciated the agent’s proactive approach in
explaining the pre-consultation process. While these findings show
that general-purpose LLMs like GPT-4 already have many of the
tools necessary for pre-consultation, the discussion that follows
provides considerations for future work.

5.2 Improving Pre-Consultation Chatbot
Prompts

As we developed our chatbot’s prompt, we found that our Al agent
adhered to our question sequence while adeptly skipping ques-
tions that had already been answered. Patients also perceived the
conversation to be natural and intuitive. We added explicit instruc-
tions to the prompt so that the chatbot would align with some
of our design objectives, namely language to discourage double-
barreled questions and diagnostic recommendations. Although our
chatbot was successful at avoiding diagnostic recommendations,
double-barreled questions were still grouped together in several
conversations. It is difficult to pinpoint a single reason why some of
our instructions were more successful than others since an LLM’s
behavior is dictated by its prompting, its settings, and its underlying
training data. As LLMs evolve, some features that currently have
to be addressed with prompt engineering may become ingrained
in future models [78, 82, 83]. Nevertheless, we use our findings
to highlight challenges and provide prompt recommendations for
future pre-consultation chatbots in Table 7. We elaborate on these
goals and recommendations below.

5.2.1 Conversation Content. In our qualitative analysis of the con-
versation content, we found that the quantity and relevance of
follow-up questions asked by the agent significantly influenced
how participants perceived its thoroughness. The Wizard agent
generally asked more follow-up questions than the Al agent, partic-
ularly questions on the symptoms and medications mentioned by
participants. This could explain why some participants found the
conversation with the Al agent to be less relevant for their medical
visit, despite the fact that both conditions were primed with the
same set of questions. The additional follow-up questions also help
explain why there were significantly more messages exchanged
between the Wizard agent and participants. Although this is a
relatively simplistic metric for conversational depth, longer conver-
sations give participants more opportunities to disclose information,
which may improve the effectiveness of the pre-consultation.
These findings suggest that future pre-consultation chatbot prompts
should place a greater emphasis on asking follow-up questions that
uncover more depth into the reasons for a patient’s visit. This could
be achieved by assigning greater importance to the earlier ques-
tions in our chatbot’s prompt (Q1-Q6). We also noticed that the
Wizard agent was particularly adept at navigating situations when
participants had multiple symptoms. When the Al agent was faced
with these situations, it often asked participants each question in
the prompt once to cover all of the symptoms. In contrast, the
Wizard agent was able to go through the questions multiple times,
ensuring a more comprehensive exploration of the participant’s
symptoms and a better understanding of their condition. Therefore,
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Table 7: Prompt design goals and recommendations for pre-consultation chatbots.

Improve clarity

Category Prompt Goal Recommendations
. Ask more follow-up questions, especially ones that relate to the
Improve thoroughness of questions P4 "t Y
Content symptoms the patient has mentioned.
. Focus on one issue at a time unless it seems like the symptoms may
Improve structure of questions
be related.
Encourage appreciative language, but not at every conversation turn.
Convey more sincerity Consider appreciation when it seems like the patient is sharing
information they may otherwise not be comfortable providing.
Language

Encourage acknowledgements, but not at every conversation turn.
Provide a summary only when the chatbot needs to confirm
information that they may have misunderstood.

Set expectations for the chatbot
Situating in the
Clinical Experience Set expectations for the

pre-consultation

Either before the conversation or shortly after the initial greeting,
describe the chatbot’s conversation capabilities.

Either before the conversation or shortly after the initial greeting,
describe how pre-consultation will help inform the patient’s
consultation with the doctor.

a chatbot prompt could include specific instructions to encourage
such logical looping if required.

Another way to foster targeted follow-up questions is by incorpo-
rating an LLM with more medical knowledge than what is currently
available in a general-purpose model like GPT-4. Although intake
nurses have significant medical knowledge, their ability to carry
out personable and empathetic conversations is often just as impor-
tant for delivering patient-centered care [57, 72, 75, 80]. We chose
to use GPT-4 in our study to balance these traits. Using medically
specialized LLMs such as Med-Palm2 [64] for pre-consultation may
lead to beneficial follow-up questions, but future work would be
needed to evaluate whether this would require sacrifices in other
important dimensions of conversationality.

5.2.2  Conversational Language and Tone. Participants noticed that
both the Al and Wizard agents used language to convey empathy,
which prior literature has emphasized is important to patients when
they share their concerns [15]. In fact, the Al agent used apprecia-
tive and acknowledging language far more frequently. Although
this finding may go against the preconceived notion that many
people have about chatbots being robotic and inexpressive [16],
it actually aligns with recent work by Ayers et al. [5] who found
a similar difference in how chatbots and physicians responded to
patient questions on medical forums. However, we found that the
Al agent in our study occasionally used such expressive language
to the point of seeming insincere or even offensive.

In recognition of this potential pitfall, our findings suggest that
chatbots should be prompted to be more tactful in how they convey
empathy. Medical professionals undergo many years of medical
training to communicate in a manner that balances compassion
with precision and clarity, so chatbot prompts require substantial
instruction to emphasize best practices in patient-physician com-
munication. We found that it was helpful to define the chatbot’s
role as a “patient-intake bot” and to emphasize desirable behaviors
like conversing in a “medically professional manner”. At the same
time, specific instructions might also be needed to discourage unde-
sirable behaviors. Considering that one of the most egregious cases

of perceived insincerity was a case when the Al agent repetitively
added the phrase “thank you” after each participant response, an
easy way of improving this aspect of the chatbot’s behavior would
be by including an instruction to avoid overly repetitive language.

5.3 Scaffolding the Pre-Consultation Experience

5.3.1 Before the Pre-Consultation. Using chatbots for pre-consultation
was a new experience for all of our participants, but even the gen-
eral concept of pre-consultation was unfamiliar to some. Those
who had never gone through a pre-consultation before were con-
fused about how some of the medical history questions related
to their symptoms, and it was not immediately evident to them
how this information would affect the rest of their appointment.
Even though it was not explicitly instructed in our prompt, the
AT agent occasionally provided background information about the
goals of pre-consultation in order to alleviate these worries. The
Al agent also sporadically provided participants with instructions
on what to do after the conversation, which helped them position
the pre-consultation process within the broader context of their
clinic visit. Nevertheless, future prompts should ensure that this
background is provided in every conversation.

Interacting with a chatbot was also a relatively novel experience.
Most had anticipated a chatbot with a robotic demeanor and limited
comprehension abilities but were instead met with a conversation
that closely mimicked human interaction. Although people’s expec-
tations of chatbots will undoubtedly change as LLMs become more
pervasive in healthcare and beyond, it is still important for future
applications in these domains to prime users about the expected
conversational dynamics so that they are not caught off guard or left
dissatisfied with the experience. In other words, users should be told
in advance if the chatbot was engineered to carry out human-like
discourse. Users should also be told about the chatbot’s comprehen-
sion limits so they do not withhold information that they assume
the chatbot will not be able to understand. Having such a summary
of a chatbot’s capabilities and expectations can foster more effec-
tive and improved chatbot interactions in pre-consultation and any
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other task that involves information exchange between multiple
stakeholder groups.

5.3.2  After the Pre-Consultation. Several participants mentioned
that they would have liked to have seen the conversation summary
that was sent to their physician. We did not consider doing this
when designing our study because it is not a common practice
in pre-consultation. Nevertheless, medical transparency is a vital
aspect of patient-centered care, so it is reasonable to assume that
intake nurses will occasionally review everything that has been
discussed to confirm that all of the patient’s concerns have been
understood [73].

Following this feedback, we suggest that future pre-consultation
chatbots allow users to review the conversation and the subsequent
automatically generated summary. This would afford patients the
opportunity to not only confirm the accuracy of the summary but
also amend incorrect statements, redact overly sensitive informa-
tion, or augment the discussion with details that might have been
initially overlooked. It is important to recognize, however, that clin-
icians often rely on notes with medical terminology, jargon, and
abbreviations that may not be interpretable to the average person.
Therefore, patients may need to be shown a different summary
from the one given to their physicians, but it is important that
patients are explained why these differences exist. Future research
is needed to investigate how to optimally summarize the chatbot
conversation for both patients and physicians to account for their
needs and capabilities.

5.4 Sociotechnical Implications of
Pre-Consultation Chatbots

We focused our research efforts on the idea of a pre-consultation
chatbot because we felt that this application of LLMs would circum-
vent many ongoing concerns about diagnostic chatbots, namely
the consequences of improper recommendations being given to
users [9, 21, 30]. However, pre-consultation chatbots are not a fool-
proof clinical application of LLMs because they come with their
own set of sociotechnical considerations.

Existing healthcare systems in industrialized countries rely on
electronic health record (EHR) systems to document patient histo-
ries and to facilitate communication among healthcare providers [22,
51]. Our chatbot operated separately from the EHR system at our
study site to avoid impacting patient care, so future efforts are
needed to investigate the potential opportunities and pitfalls that
emerge from this integration [68]. For example, EHR systems re-
quire healthcare providers to dedicate significant time documenting
patient information [63]. A pre-consultation chatbot could alleviate
this burden since it produces a written record of patients’ history
and medical concerns, but giving physicians the full chatbot tran-
script would require them to spend significant time reading and
summarizing patient responses. On the other hand, automatically
generating transcript summaries for physicians to read would re-
quire having strong guarantees that the summaries faithfully and
comprehensively include all of the relevant information from the
pre-consultation transcript. Issues around medical liability, data
privacy, and confidential disclosure also become relevant once a
pre-consultation chatbot is integrated into an EHR system.
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Another consideration for pre-consultation chatbots is the char-
acteristics of the patient population being served. Patients in our
study tended to be young because walk-in clinic patients often
lack a regular family doctor, as is the case with many young peo-
ple [55, 61]. The fact that younger people are often more accepting
of technology [11], combined with the novelty still attributed to
LLMs across domains [23, 79], may have inflated our participants’
receptivity to a pre-consultation chatbot. Older individuals often
prefer face-to-face interactions over conversing with a chatbot
[74], due in part to the inconvenience of typing for some individ-
uals. Future systems could examine other interaction modalities
like voice-to-text or voice-to-voice interactions to support these
groups. Another demographic factor that should be considered is
patients’ language proficiency. Although it is likely safe to assume
that patients would not be referred to a pre-consultation chatbot
if they are not reasonably fluent in the language used to train the
LLM, chatbots could still use medical jargon unfamiliar even to na-
tive speakers. In this regard, providing features that adjust chatbot
prompting for specific audiences may be worth future investigation.
These recommendations extend beyond healthcare to numerous
other sectors, as tailoring options based on user demographics can
enhance the preparation process and facilitate a more personalized
pre-consultation experience.

6 CONCLUSION

By deploying an Al agent in a clinical setting and contrasting it
with a human agent, we were able to examine how patients re-
acted to different instantiations of the same prompt. We found that
our chatbot implementation had many shortcomings relative to
a human agent, such as a lack of follow-up questions and exces-
sive empathetic language. However, our chatbot also had its own
strengths, namely its initiative in explaining the motivation behind
specific questions and the pre-consultation process more broadly.
Regardless of the study condition that highlighted these design
considerations, our findings led to a series of design goals that we
believe will improve the user experience and data collection efficacy
of future pre-consultation chatbots.
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Supplementary Figure 1: An example of the Highside interface shown to participants.

Supplementary Table 1: Conversation messages sent and word count breakdown among the conditions and senders.

Agents Patients
Al Condition | Wizard Condition | Al Condition | Wizard Condition
Messages | Mean + Std 16.06 + 1.43 18.94 + 2.7 15.87 + 1.58 19.76 + 4.53
Sent | (Min, Max) (14, 20) (15, 27) (13, 19) (15, 30)
Word Mean =+ Std 335.19 + 60 284.59 + 54.52 92.25 + 51.93 102.06 + 58.53
Count | (Min, Max) (270, 491) (206, 391) (33, 196) (46, 226)
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Supplementary Table 2: Conversation codes and their frequency counts in both AI and Wizard agents’ interactions with

participants.

‘ Conversation Code ‘ Al Agent (count) Wizard Agent (count) ‘
start+1 16 17
1.1 1
1.1+2 1
2 11 14
2.1 7
2.2 5
2.3 3
24 1
2.5 1
2.1+4 3
2.2+4 1
2+4 1 1
3 15 17
3+3.1+5 1
3.1 1
3.2 1
4 13 14
4.1 1
4+5 1
5 15 16
5.1 2
5.2 1
6 14 16
6+7 2
7 15 17
7.1 1
8 16 17
8.1 1 7
8.2 3
8.3 1
8.4 1
9 16 16
9.1 2 1
9+12 1
10 16 17
10.1 2
11 16 17
11.1 2 2
11.2 1
11.3 1
12 15 16
12.1 2
12.2 1
13 16 18
13.1 2 4
13.2 1
14 16 16
14.1 1 1
15 15 17
Grand Total 255 321
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Supplementary Figure 2: The order of questions asked by AI agent for each participant assigned to that condition.
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Supplementary Figure 3: The order of questions asked by Wizard agents for each participant assigned to that condition.
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Supplementary Table 3: Semi-structured interview themes, codes, and quotes

Theme

Codes

Quotes

Overall experience

Natural and engag-
ing

I could have easily thought I was talking to a human

Overall experience

Conversation was
relevant

All the questions were relevant...

Overall experience

Reflect on symp-
toms

Made me think about how I was feeling more, so I have like better answers for
the doctor.

Overall experience

Reflect on medical

If T had some recent surgeries or things like that I was not even considering. So

background when the chatbot asked me about that it actually helped me to remember those

things.

Overall experience | Not feeling rushed | I can literally wait five minutes to think about how I feel, to think about things
that have been happening to me, and can write them down.

Conversation con- | More  follow-up | Maybe the follow up questions that the chatbot can ask are not quite as like

tent questions specific as a nurse would...

Conversation con- | More  follow-up | Not following up questions that I expected to be followed up.

tent questions

Privacy concerns | Not concerned | Right at the beginning I was concerned about what kind of information I was

+ Understanding
pre-consultation
process

about privacy as
much

gonna have to give out but when I saw it, it didn’t seem like anything was
compromising—so yeah, it didn’t matter.

Privacy concerns

Important but part
of existing system

I know that doctors keep files also, I don’t think it [data privacy concerns]
would be that different you know?

Privacy concerns

Data storage

I was wondering where is this information being stored? Is it going to my file?
Is it going somewhere? It’s being saved? Is it being destroyed?

Understanding
pre-consultation
process

Setting expec-
tations about
pre-consultation

I didn’t know that, while I was chatting with the chatbot how that information
would affect my appointment. Well i knew, but I didn’t understand until later.

Understanding
pre-consultation
process

Comparing  with
surveys or other
forms of preconsul-
tation

There are sometimes medical services [that send surveys] and it is confusing
what they exactly want [from you-in the surveys]. But here, there were many
questions but they were really to the point.

Presumptions on
chatbot capabilities

Al conversing more
robotically

I mean that’s a very unreal expectation of me... like an AT to talk to me as a
human. That’s something, if it’s there, it’s amazing, if it’s not there, it’s not like
something I'm missing out on.

Presumptions on | AI more reliable | When you’re doing it on the chatbot, it is better documented than human
chatbot capabilities | than humans for | interactions, there’s really no error on the transcription

documtentation
Presumptions on | Doctors better at | They [doctors] would probably be able to provide answers better than the
chatbot capabilities | giving answers chatbot [that’s why patient didn’t bother asking the chatbot any questions].
Presumptions on | AI less sophis- | I was trying to keep it short and not too detailed. Because I know it might be a
chatbot capabilities | ticated so need | little tougher for it... So yeah, maybe I was holding back.

simplify response

Empathy Too much acknowl- | [the chatbot] was saying like, "Okay, thank you for providing this information.
edgement It seems like you’ve had this, this and that", but I just wanted it to move on...

Empathy Too much compas- | When you know it’s a chatbot and it’s an automatic answer that you’re getting,
sion "I'm sorry to hear that", it just seems very very fake.

Empathy Too much apprecia- | The "thank you for providing the information”, that was repetitive.

tion

Guiding  patients
back to the clinic

Summary feedback

I’d like to have the option to receive the conversation and I would like to see
the summary because maybe I misunderstood the question and provided the
wrong information. .

Guiding  patients
back to the clinic

Clinical next steps

I didn’t know the doctor was going to see the summary, but when he reviewed
it with me, it just all makes sense now.

Li et al.
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