Enhancing Doctor-Patient Communication in Surgical
Explanations: Designing Effective Facial Expressions
and Gestures for Animated Physician Characters

Abstract

Paying close attention to facial expressions,
gestures, and communication techniques is
essential when creating animated physician
characters that are realistic and captivating
when describing surgical procedures. This
paper emphasizes the integration of appro-
priate emotions, co-speech gestures when
medical experts explain the medical procedure,
and designing animated characters. We can
achieve healthy doctor-patient relationships
and improvement of patients’ understanding
by depicting these components truthfully. We
suggest two critical approaches to developing
virtual medical experts by incorporating these
elements.  First, doctors can generate the
contents of the surgical procedure with a virtual
doctor. Second, patients can listen to the surgical
procedure described by the virtual doctor and
ask if they have any questions. Our system helps
patients by considering their psychology and
adding medical professionals’ opinions. These
improvements ensure the animated virtual agent
is comforting, reassuring, and emotionally sup-
portive. Through a user study, we evaluated our
hypothesis and gained insight into improvements.
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1 Introduction

Researchers have actively studied medical chat-
bot systems with artificial intelligence in vari-
ous medical fields [1]. We would like to expand
the discussion on the medical chatbot system
with our suggestions. Medical chatbot systems

are playing a positive role in healthcare com-
munication. We utilized these systems to pro-
vide patients with complex medical knowledge
in a friendly and accessible manner. We inte-
grated a platform for generating content on med-
ical procedures to create a new framework. This
approach aims to bridge the gap between the
complexity of medical science and the under-
standing of patients’ anxiety. It is essential to
ensure that medical information is transmitted
in a clear and user-friendly way. The utiliza-
tion of computer-generated animations in medi-
cal education and healthcare communication is
experiencing considerable popularity [2]. These
animations can effectively convey complex med-
ical information and provide a visually engaging
and accessible medium for patients and medical
professionals [3]. One critical aspect of creat-
ing an animated physician character for surgi-
cal explanations is designing appropriate facial
expressions and gestures that accurately reflect
real-life doctor-patient interactions [4]. We pro-
pose a production tool that allows medical pro-
fessionals to generate surgical processes. Users
can generate screenplay format and surgical im-
ages or videos for the system rather than simply
integrating computer-generated animation into
chatbot systems. Subsequently, as the virtual
agent automatically speaks lines and performs
co-speech gestures, the system concurrently dis-
plays images and videos. After the description
of the surgical procedure is completed, the pa-
tient can request medical information from the
virtual agent. In this system, patients can re-
quest medical-related questions, and the system
provides customized responses to patient’s ques-
tions. This paper discusses the key factors and
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Figure 1: This figure shows the main screen of our system. The loaded script is shown as paragraphs
on the right screen. If the patient has any questions during the surgical description, they can
input the text in the bottom left input to ask questions.

best practices for generating effective facial ex-
pressions and gestures for an animated physician
character used in surgical explanations and how
to apply the Large Language Model (LLM) to
our system.

2 Related works

2.1 Emotional state and facial expressions

To establish trust and rapport with patients, an
animated physician character should convey em-
pathy, understanding, and calmness through fa-
cial expressions [5, 6]. This can be achieved
by animating the character with a gentle smile,
soft eyes, and raised eyebrows to show attentive-
ness and concern. Furthermore, maintaining a
professional and confident demeanor is essential
for establishing trust in the character’s expertise
[5]. Moreover, the physician’s speech should be
clear, concise, and easy to understand [7]. The
pacing of the explanation should be moderate,
allowing the patient enough time to process the
information and ask questions [8]. Furthermore,
the character should adjust the pacing based on
the patient’s comprehension, slowing down or
elaborating when needed [8].

2.2 Body language

The character should maintain an open and ap-
proachable posture, with uncrossed arms and a
slight forward lean [9]. This posture commu-
nicates openness and a willingness to listen to
the patient’s concerns. In addition, the charac-
ter’s body orientation should be directed toward
the patient, reinforcing the physician’s attention
and interest in the patient’s questions or concerns
[9]. During the surgical explanation, incorporate
gestures that help clarify the information being
presented [7]. For example, the animated physi-
cian can point to anatomical models, illustrations,
or charts to provide visual context for the expla-
nation. Ensure the gestures are fluid and natural,
avoiding abrupt or jerky movements [10]. The
character’s gestures should be appropriate to the
information being discussed, emphasizing key
points and providing visual aids when necessary

[7].

2.3 Patient interaction

Include nonverbal cues to show the physician is
actively listening and engaged in the conversa-
tion [11]. These can include nodding, maintain-
ing eye contact with the patient, and using verbal
confirmations like "’I see” or ”’I understand” [11].
These cues can help reinforce the character’s at-



tentiveness, building trust and rapport with the
patient. In the animation, the physician should
address any questions or concerns the patient
may have, demonstrating patience and attentive-
ness [11]. This can be achieved through incor-
porating responsive facial expressions, gestures
and providing clear and understandable answers
to the patients’ questions [11]. Additionally, the
character should encourage patients to ask ques-
tions and express their concerns to foster open
communication [7].

3 Implentation

3.1 Overall System Architecture

In this study, we developed systems for improv-
ing physician-patient communication through vir-
tual agents in surgical settings. Figure 2 shows
that the structure is designed to combine generat-
ing a surgical procedure content and to provide
patients with interaction and comfortable expe-
riences. Key elements of the structure are script
modules, voice and gesture-generation elements,
and sophisticated virtual agent interaction capa-
bilities, which synergize to create a valuable and
reliable virtual environment in real-time. Initially,
based on interactions with virtual agents, we envi-
sioned a script module designed to guide content,
persona, and emotions. This module paves the
way for introducing voice and gesture-generation
elements that will bring virtual agents to life in
the next phase. These components leverage ad-
vanced natural language processing and dynamic,
expressive animation to enable agents to engage
with patients in ways that closely mimic human
interactions. Our virtual agents are a digitized en-
tity designed to deliver surgical information and
have meaningful conversations with patients. We
applied Retrieval Augmented Generation frame-
work(RAG) with LAMAZ? to create virtual physi-
cians designed to enhance patient communica-
tion. The RAG framework using LAMA?2 al-
lows high-speed performance, contextually rele-
vant responses to patient inquiries, and simulates
human-like conversational experiences.

3.2 Script Module

For the virtual character to explain surgical proce-
dures, it must segment the surgical procedure into

separate sections. By loading the emotion of the
character information in each section, the avatar
can explain surgery description like a human be-
ing. This process helps interact with patients, and
they can easily understand the surgical process.
In addition, the script module provides uploading
images or videos per paragraph, making it easier
for patients to understand information about the
surgical procedure.

3.3 Face expression

Facial expressions, including voice generation
and real-time conversational actions, help virtual
agents express realistic emotions. As shown in
Figure 3 and Figure 4, we accurately captured 48
facial expressions for animating virtual charac-
ters’ faces with FaceWare Studio [12]. With the
various facial expressions, the avatar has six ba-
sic emotional states for the user interface: anger,
disgust, fear, neutrality, happiness, sadness, and
surprise. Each emotional state is divided into
three levels. This emotional state allows virtual
agents to express their emotions in detail. For
example, emotional "happiness’ ranges from a
simple smile to a broad smile, and each one is
distinguished by different degrees of intensity
and characteristics.

3.4 Voice Generation

Voice generation is one of the critical compo-
nents of a system that converts textual content
into speech words in scripts. To simulate the
natural changes in human speech, an API used
by advanced text-to-speech algorithms that can
adjust tone, pitch, and speed is required. As an
integral part of the system’s development, we in-
tegrated Naver text-to-speech API [13], allowing
the system to convert written text into audible
speech, improving interaction and usability. The
generated audio synchronizes with the virtual
agent’s lip movements to create a consistent, life-
like avatar. Using Salsa [14] at Unity Asset, we
completed an avatar that can be lip-synced in
real-time.

3.5 Gesture Generation

Co-Speech Gesture generation gives the body lan-
guage an expressiveness and engagement. Earlier
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Figure 2: This figure shows the main system. The system has two different types of functions for
our virtual agent system. For medical staff using the system, they can generate content
about surgical procedures. The virtual agent can answer medical questions about the surgical

procedure for patients

Figure 3: Faceware Studio was used to capture
natural human faces. A variety of facial
expressions were captured in a short
period of time.

studies [15, 16] showed that a text-to-gesture sys-
tem can be very effective. Our research adopted
a multilingual system [17] to convert text into co-
speech gestures. This challenge arises from ges-
tures’ unpredictable and personal nature, which
become even more complex when only text is
used as input. Our approach involves collecting
pairs of poses and text from videos of people

Figure 4: 48 facial expressions for virtual
avatars.

talking. These pairs help us understand how text
relates to gestures. We clean up the poses cap-
tured from videos and mapped them to 3D ges-
ture units to ensure the gestures are clear and ac-
curate. During operation, we use large language
models to process the text, helping the system
find the fitting gesture for the given words in real
time. This is crucial for interactions that happen
without delay. Making the system work across
different languages and cultural settings requires
videos and gestures from those contexts. We use
tools like Unity3D to apply these gestures to any
new virtual character, showing the system’s flexi-
bility. When dealing with longer texts, we break
the text into smaller parts and match each with
a gesture unit. These units are then smoothly
linked together.



Figure 5: Our system has two avatars : a doctor
and a nurse.

3.6 Virtual Agent

Our virtual agents are digital medical experts
who interacts with patients through a combina-
tion of verbal and nonverbal signals. the virtual
Agents are rendered in real time and displayed
to the patient to communicate with the patient.
We expect that this strategy will have a positive
effect on relationship formation. To achieve this,
we created realistic a physician and a nurse. Fig-
ure 5 shows two virtual characters for surgical
process description and Q&A. By allowing the
patient to select a virtual avatar and choose a
doctor or nurse, we aim to to build an emotional
connection between the patient and the avatar.

3.7 User Interaction

Artificial intelligence(AI) has made break-
throughs in diagnosis, treatment planning, pa-
tient counseling, and medical research. Recently,
developments, especially in natural language pro-
cessing (NLP), have contributed to healthcare
professionals enhancing patient interactions and
providing more accurate and rapid healthcare [1].
In this study, we want to combine two leading
NLP technologies, Retrieval Augmented Gener-
ation (RAG) and Llama2[18], to develop a new
system that supports patient interactions and ex-
plore its possibilities. As natural language pro-
cessing advances in computer engineering, the
ability to understand and answer user queries
greatly influences the weight size of the response-
generating model. Rather than requiring a highly
developed language model, our research requires
a system that delivers textual information accu-

rately. We integrated the Retrieval-Augmented
Generation Augmentation (RAG) framework and
the Large language model to respond to this need.
RAG is a technology that increases the accuracy
and reliability of Al models generated by infor-
mation from external data. This approach not
only improves the accuracy of responses but also
ensures relevance to the specific context of the
queries [19]. This is especially useful in the med-
ical field, requiring complex and professional
knowledge. At the beginning of this study, we in-
tended to fine-tune the LLM, specifically Llama2
7B parameter model. We utilized a random sam-
ple of 10,000 data from the HealthCareMagic-
100k [20] and a dataset of 200 medical terms
which is generated with ChatGPT for fine-tuning.
We fine-tuned Llama2 7B with 6*A100 GPUs
for 10 hours. For the training process, we fol-
lowed these hyperparameters: learning rate at
2e-4, total batch size of 192, 10 epochs, 1024 to-
kens for maximum sequence length. We utilized
two warmup steps to increase the learning rate
gradually. We found that the results did not meet
our expectations. The fine-tuned model often de-
livered inaccurate information or responses that
needed more relevance to the questions. We de-
termined that the fine-tuned model is unsuitable
for use in healthcare, where accurate information
delivery is critical.

Consequently, we used the RAG framework for
better results and quality. Yunxiang et al. [21]
compared their medical chat model, which is
finetuned with the sizeable medical dataset, with
ChatGPT using BERTScore. We also adopted
BERTScore evaluation method because it closely
matches human judgment at the sentence and
system level [21]. We compared the fine-tuned
Llama2 7B with the RAG framework using the
same dataset. Table 2 shows that the answers gen-
erated by the RAG framework were significantly
more similar to responses in the dataset. The
model using the RAG framework scored higher
than the fine-tuned model in precision, recall,
and F1 scores. This allows the virtual doctor
to communicate medical information accurately
and effectively.

3.8 User Study

We conducted a user study with 120 participants
in Amazon Mechanical Turk [22]. We divided



RAG with Llama2 7B  Fine-tuned Llama2 7B  T-statistic = P-value
Precision 0.7502 £ 0.1589 0.4306 + 0.0944 22.00 2.67E-66*
Recall 0.8216 £ 0.1169 0.5798 + 0.1206 18.32 5.74E-52%
F1 score 0.7791 £ 0.1321 0.4922 + 0.1007 21.98 3.33E-66*

Table 1: Quantitative comparison was conducted between RAG and Fine-tuned Llama2 7B Using
BERTScore. The t-statistics and the p-values presented in the table were calculated using our

paired t-test (*: p < .05).

Avatar Text T-statistic P-value
Social presence 49821 £1.5537 4.3482 +1.7016 2911 0.0039*
trustworthiness 54732 +£1.3217 5.7321 £ 1.0482 -1.624 0.1057
Utility 5.6250 +1.2311 5.9196 +0.9313 -2.019 0.0445%*
Ease of understanding 5.6517 + 1.2713  6.0357 £ 0.8794 -2.628 0.0091*

Table 2: Quantitative comparison of an avatar surgical description video and text-based a surgical

description video (*: p < 0.05).

it into two groups of 60 participants to watch
two videos, which were about 2 minutes and
30 seconds long. The first group of participants
watched a video of a heart surgical procedure
with text, pictures, and audio. After that, they
watched a video of an avatar explaining the sur-
gical procedure. The second group watched the
videos in reverse order. The video, with image,
text, and voice, is created using Microsoft Pow-
erPoint slides and the avatar’s voice. The video
with the avatar is created using Microsoft’s Pow-
erPoint slides as images and the 3d doctor avatar
in the Unity game engine. We were able to create
the survey results with 113 participants, exclud-
ing 7 participants who answered insincerely.

Participants evaluated that the surgical descrip-
tion explained by the avatar had a higher social
presence than the text-based surgical description
(p = 0.0039). This result suggests that virtual
avatars can generate rapport with people more
naturally than the text-based surgical description.
We expect that virtual doctors will be able to im-
prove patient participation and satisfaction in the
healthcare environment. Participants rated the
surgical description explained by the avatar as
lower in utility compared to the text-based sur-
gical description (p = 0.0445). This suggests
that participants may perceive text-based infor-
mation as more useful than information delivery
by the avatar. Lastly, the surgical description of
the virtual avatar scored lower for ease of under-
standing than the text-based surgical description

(p = 0.0091). This may reflect the perception
that information delivery through virtual avatars
is more difficult to understand than text-based
information delivery. This suggests that improve-
ments in the design and the methodology of the
surgical description of virtual avatars are needed.

4 Discussion

Our research is expected to improve communica-
tion between patients and physicians in surgical
description. An animated doctor character deliv-
ers medical information, which might be difficult
for patients to understand, in a clear, concise, and
understandable way. The system allows patients
to ask questions at any time, even though they
are not satisfied with the communication with the
doctor for some reasons, such as the doctor might
not be in fine condition or the patient might not
want to share personal stories which are related
to his or her disease. This approach is helpful
in improving the overall quality of patient life
and the quality of medical communication. Our
research will elevate the quality of medical ser-
vices and reinforce a patient-centered approach.
We aim to create a virtual doctor avatar that re-
sponds in real-time. We focused on research and
development to enable creating content for medi-
cal procedures using a game engine rather than
pre-rendered rendering after writing a script. In
particular, various conversational gesture move-
ments are optimized so that even if numerous



sentences are entered at once, they can be gener-
ated in almost real-time. In addition, we empha-
sized enhancing patient accessibility to surgical
process and post-operative care information by
attaching images or videos. By implementing a
chatbot system using LLLM and RAG, patients
can easily ask questions after being briefed on
the surgical process. Virtual doctor agents can
serve as virtual medical partners who provide
continuous patient support and interaction rather
than presenting static information. There are sev-
eral limitations to our research and development.
First, continuous updates and verification are re-
quired to maximize the accuracy and delivery
of information in the process of communicat-
ing complex medical procedures and information
through virtual medical professionals[23]. Medi-
cal experts should update and conduct a thorough
verification of new surgical procedures or new
medical information. Second, chatbot systems
based on LLM have yet to reach a proficiency
level that can replace diagnostics or complex
medical consultations [21]. Our system cannot
completely replace the communication between
patients and doctors with limitations. RAG uses
pre-stored Vector Score to find document infor-
mation and generates answers with LLM, so it
has the possibility to create various answers de-
pending on the search results [23]. It is difficult
to suggest that chatbot systems with RAG are
the best approach, considering that patients pose
questions while being monitored by doctors. Fi-
nally, Patient privacy and data security are critical
issues. Using the patient’s information to create
a rapport with the patient has complex issues
both legally and morally [24]. We aim to solve
these problems through technological improve-
ment and research to recognize and overcome
these limitations.

5 Conclusion

In the medical area, designing facial expres-
sions and gestures for a virtual doctor improves
positive communication between doctor and pa-
tient. It is an essential factor in building pa-
tient understanding and trust in the medical pro-
cess. Animators can generate animated agents
for doctor-patient interaction by following exist-
ing research on animation design and commu-

nication between doctors and patients. As tech-
nology advances and the expansion of computer-
generated animation in medical education fields,
our research is expected to draw attention and
suggest a method for the convergence of medical
and computer science.
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