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ABSTRACT

e-REAL Labs is at the forefront of educational technology, pioneering the use of intelligent
avatars—also known as digital humans or embodied conversational agents (ECAs)—to enhance
medical training. These sophisticated Al-driven avatars replicate complex human interactions,
providing real-time, personalized feedback based on behavioral and conversational cues.
This article presents an applied research project developed in collaboration with the Center
for Medical Simulation in Boston, showcasing an innovative approach that goes beyond
traditional feedback mechanisms. By enabling reflective dialogue and interactive learning,
these digital humans foster deeper understanding and skill development. As dynamic learning
partners, ECAs represent a transformative shift in medical education, offering an immersive
and effective method for professional training. This Al-powered approach redefines the role
of feedback in healthcare education, setting a new standard for simulation-based learning
and professional development.
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1  INTRODUCTION: INTELLIGENT AVATARS FOR MEDICAL
SIMULATION

At e-REAL Labs [1], we are at the forefront of educational technology, developing
intelligent avatars—also referred to as digital humans—that function as embodied
conversational agents (ECAs) in highly immersive training scenarios [2], [3], [4], [5],
(6], [71, [8], [9], [10], [11], [12], [13], [14]. Unlike conventional chatbots or scripted
responses, these ECAs are advanced models of human cognition, perception, and
interaction, enabling realisticand dynamic engagement. Designed to collaborate with
medical simulation instructors, they enhance the learning experience by replicating
the subtleties of human communication and pedagogical techniques (see Figure 1).
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Powered by generative Al, our ECAs deliver instantaneous, context-aware
feedback by analyzing both verbal and behavioral cues from learners. This approach
moves beyond conventional feedback mechanisms, offering an interactive, adaptive,
and personalized learning process. By simulating intricate interpersonal dynamics,
these digital humans assess instructor performance, provide actionable insights, and
even facilitate reflective discussions on the quality and relevance of the feedback
itself [15], [16], [17], [18].

Fig. 1. Representative conversational avatars boosted by artificial intelligence, designed
and developed by the e-REAL Labs

This technology not only advances the training of medical simulation instructors
but also holds significant potential for broader educational practices. It marks a
substantial shiftin how feedback is conceptualized, delivered, and analyzed, ensuring
it is both informative and a powerful driver of deep learning and professional
growth. Our approach signifies a move away from static educational tools toward
dynamic learning partners, establishing a new standard for Al in training and
development. The intelligent avatars developed by e-REAL Labs go beyond mere
technological innovations; they serve as catalysts for a profound transformation in
medical simulation education.

These intelligent avatars go beyond simply mirroring human behavior—they
are purposefully designed to elevate the educational landscape, serving as catalysts
for innovation in teaching methodologies. By fostering an interactive learning
environment, they provide medical instructors with a structured yet flexible space
to refine their teaching approaches in realistic yet controlled conditions. As adaptive
learning partners, these avatars offer incremental guidance, helping instructors
navigate the intricacies of medical education and the art of effective pedagogy. This
system is carefully calibrated to balance the security of a simulated setting and the
demanding realities of clinical practice. Instructors can explore and refine their
methods without the risks inherent in real-world patient care while still experiencing
medical scenarios’ pressures and decision-making challenges.

These avatars take a forward-looking approach and are designed to anticipate and
address evolving medical training needs. Their influence on the feedback process is
transformative, shifting it from a static exchange to an ongoing, interactive dialogue
that actively shapes a learner’s development. Instead of merely delivering feedback,
these avatars facilitate meaningful discussions, enabling reflective analysis and
deeper professional growth. By redefining how performance is assessed and refined,
this interactive model sets a new benchmark for excellence in medical simulation
and healthcare education.
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2  ENHANCING THE INTERACTIVE SIMULATION EXPERIENCE
WITH AN AI-POWERED FEEDBACK

Our ECAs, or conversational avatars, combine carefully crafted photo-realistic
appearances with an excellent ability to generate realistic and human-like
conversations as well as powerful analysis systems. They use a combination of
STT (Speech to Text) and TTS (Text to Speech) technologies, which allow interaction
through simple conversation: their voices can be modeled after real-life characters
and can support various emotional states (see Figure 2).

Their “Brain” indeed takes into account mood, knowledge, goals, and personality
to process the simulation scenario in every input, generating responses and carrying
out actions thanks to various layers of NLP (Natural Language Processing) networks
and the use of GPT (Generative Pre-trained Transformer) models. The appearance
of the avatars is ensured by a finely customized and animated 3D photorealistic
model, which uses a mix of MoCap (Motion Capture), procedural animation, and
hand-made animation.

SIMULATION OVERVIEW

Anna Smith is at the clinic for her
stitched wound follow-up after a
bicycle accident. As the nurse in
charge, you're running behind

Your goal is foster a positive patient-
nurse relationship and de-escalate
any conflict.

Start Interview

Al-generated feedback may contain errors. Feel free 1o ask the instructor for any doubt

Fig. 2. Representative embodied conversational agent (ECA), or avatar, within a simulation scenario
implemented by the e-REAL Labs

Moreover, the system can integrate specialized analytical tools to further process
external inputs. For instance, computer vision can be employed to interpret facial
expressions, assess pronunciation and linguistic accuracy, identify cognitive biases,
and more. This functionality operates within a scalable framework, where each
service is adaptable to the client’s specific requirements and compatible with various
hardware platforms. Lighter versions of these avatars can be optimized for mobile
devices, ensuring broad accessibility across major operating systems.

Powered by cutting-edge generative Al, our ECAs are redefining medical training
by going beyond mere interaction—they analyze, interpret, and deliver customized
feedback in real time. These agents assess behavioral and conversational cues,
providing immediate and context-aware responses that significantly enhance
learning outcomes for medical students engaged in simulation training. Utilizing
advanced Natural Language Processing (NLP) techniques, ECAs not only evaluate
verbal responses but also ground their feedback in the latest medical training
protocols and educational frameworks. Rather than simply indicating right or
wrong answers, they synthesize performance insights, contextual understanding,
and adherence to best medical practices [19-22]. For example, if a student hesitates
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or follows an incorrect procedure during a simulation, the ECA can detect this
deviation and provide targeted, constructive feedback to steer them toward the
correct approach (see Figures 3 and 4).

This Al-driven feedback is dynamically tailored to match each learner’s
proficiency and progress. For those in the early stages of medical training, guidance
is more structured, offering step-by-step support for mastering essential clinical
procedures. As learners advance, the feedback becomes increasingly sophisticated,
fostering critical thinking and decision-making that mirrors real-world complexities.
Additionally, ECAs adapt their responses based on the learner’s emotional state,
detected through vocal tone and facial expressions. By incorporating emotional
intelligence, these avatars ensure that feedback is informative and empathetic,
enhancing engagement, receptivity, and the overall effectiveness of medical training.

Feedback

vourphrases  Explore Performance Gap

'Hi Melinda, thanks for taking the time to talk. / would like to 1st ask about what / saw as a confusing
request to be both concise and comprehensive. I'm concerned that it might be a difficult task for your
colleague to execute. What's most important to you in this context?”

n
Key Points

Your utterance is well-structured and fits into the "Explore Performance Gap' category. However, there's a slight ambiguity in your
inquiry which could be improved.

« First Advocacy: You did a good job introducing an observation about the situation.
« Second Advocacy: Your expression of concern was clear and non-judgmental, which is excellent.

* Inquiry: "What's most important to you in this context?" is a bit vague. It would be better to ask more directly about the specific
issue you're discussing.

Here stion for rephrasing
“Hi Melinda, thanks for taking the time to talk. | noticed that there seems (o be a request for both conciseness and

comprehensiveness; which might be challenging for your colleague. Can you help me understand how these two requirements
can work together?™

Feedback

Your phrases Close Performance Gap
Hi Mek “

S0 how would you planto ...

‘So how would you plan to handle something like this next time?”

" p
’
’
[ |
i
!
-

-
-

Key Points
Your question is a good start, but it's missing some key elements of the ‘Close Performance Gap' category.

+ Clarification: You didn't summarize what you understood about their explanation.

« Closing Gap: Good job on asking for suggestions on how to perform the action next time

+ Call to action: 'How would you plan to handle something like this next time?" is somewhat inviting them to think about future
impact, but could be more explicit.

Hereisas stion for rephrasing

“So from what | understand, you handled the situation by doing X because of Y. Next time, do you think trying Z might be more
effective? How do you see that impacting your performance in similar situations? ™

Figs. 3 and 4. Representative immediate feedback provided by the Al system implemented
at the e-REAL Labs

By providing a safe, controlled environment for students to practice and

receive personalized feedback, ECAs are instrumental in building their confidence
and competence. The immediate nature of the feedback also facilitates a rapid
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learningcycle,allowing studentsto quickly assimilate correctionsand understandings
into their practice. This not only makes learning more efficient but also more deeply
ingrained, as students are encouraged to reflect on their performance and internalize
the lessons at each step of their educational journey. In essence, ECAs are not just
teaching aids; they are evolving into indispensable partners in the learning process,
reshaping how learners develop their clinical skills and knowledge in preparation
for real-world applications.

3  AI-ENHANCED FEEDBACK AS A DYNAMIC AND INTERACTIVE
COMPONENT OF THE LEARNING PROCESS

Our Al-driven ECAs redefine simulation-based learning by embedding feedback
as an integral and continuous element of the training process. Traditionally, feedback
in medical education has been retrospective, typically provided after a simulation
exercise. While valuable, this delayed approach can create a disconnect between
the learner’s actions and their consequences, making it harder to internalize key
lessons. In contrast, ECAs deliver real-time, contextualized feedback, fostering an
interactive learning experience where guidance is immediate and actionable. This
continuous cycle of action, feedback, and adaptation allows learners to adjust their
behavior dynamically and comprehend the real-time implications of their decisions.

Beyond merely correcting errors, this Al-driven approach nurtures a deeper
learning process, prompting learners to explore alternative strategies and refine
their clinical reasoning. By fostering reflective practice, ECAs empower medical
professionals to develop adaptive thinking—an essential skill in an ever-evolving
healthcare landscape (see Figure 5).

Our methodology is informed by research from the Center for Medical Simulation
[23], [24], particularly the concept of debriefing with good judgment. This model
integrates structured feedback with open-ended inquiry to support learning and
behavioral change. Grounded in reflective practice, this approach encourages trainees
to critically analyze their clinical and interpersonal performance during simulations,
strengthening their ability to learn from experience and enhance patient care.

Fig. 5. Reflective practice as a cornerstone that encourages trainees to think critically about their clinical
and behavioral performance during simulations
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The model developed at the Center for Medical Simulation (CMS) extends beyond
simply identifying and correcting errors after simulations. Instead, it actively engages
learners in a structured reflective process aimed at recognizing performance gaps,
analyzing their root causes, and addressing them through targeted instruction and
guided discussions. Unlike conventional debriefing methods that primarily highlight
mistakes, this approach delves into the why and how behind a learner’s decisions. The
process begins with the identification of performance gaps, followed by an in-depth
examination of contributing factors—whether cognitive, technical, or emotional.
Rather than treating feedback as a one-way critique, this model fosters collaboration,
encouraginglearners to explore underlying issues and develop effective strategies for
continuous improvement. The ultimate goal is not only immediate skill refinement
but also the long-term integration of knowledge into clinical practice.

When combined with e-REAL’s Al-driven embodied conversational agents
(ECAs), this model is further enhanced with personalized, adaptive feedback. Unlike
standardized responses, e-REAL’s technology tailors feedback to align with the
unique learning styles, challenges, and progression of each healthcare professional.
This ensures that insights are not generic but directly applicable to an individual’s
practice. The platform also enables active learner engagement—allowing them to
interact with the feedback, ask questions, and explore the rationale behind Al-driven
recommendations. This dynamic exchange transforms the learning process from
passive reception to active participation.

By facilitating interactive and contextualized learning, this approach ensures
that learners engage deeply with the material and internalize critical skills in
a meaningful way. Medical trainees are not just recipients of information; they
critically evaluate their performance, navigate the complexities of clinical decision-
making, and refine their techniques within a risk-free environment. The integration
of CMS’s reflective debriefing model with e-REAL’s Al-powered feedback system
creates a holistic learning tool that not only corrects errors but also fosters critical
thinking, self-reflection, and sustained professional growth.

The integration of Al-driven ECAs into medical simulation training marks a
paradigm shift in healthcare education. By embedding feedback as a continuous
and interactive element of the learning process, ECAs transform professional
development into an evolving journey rather than a static exercise. This approach
holds the potential to revolutionize feedback delivery, making it a dynamic force
that actively shapes learning outcomes and raises the standard of medical training.

Unlike traditional feedback mechanisms that are often reactive, Al-enhanced
feedback functions as a proactive guide—adapting in real time to each learner’s
interactions and providing immediate, data-driven insights. In medical simulation,
where precision, adaptability, and quick decision-making are critical, this real-time
feedback becomes an indispensable tool. ECAs not only evaluate performance but
also serve as responsive learning partners, continuously shaping and refining the
learner’s training experience. For instance, during a simulated emergency, an ECA
can assess a trainee’s crisis management skills and provide instant guidance on
improving decision-making under pressure, optimizing teamwork, or maintaining
effective communication in high-stress scenarios. This feedback is not just an
observation—it is an informed, Al-driven intervention designed to reinforce best
practices and encourage immediate application of learned concepts.

Equally vital is the interactive nature of Al-enhanced feedback. Learners are
encouraged to engage with ECAs, probe deeper into the reasoning behind their
feedback, and even challenge responses—cultivating essential skills in critical
thinking and self-assessment. Given the demanding nature of medical practice,
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where professionals must continuously evaluate their decisions, this interactive
feedback loop becomes a powerful tool for competency development. ECAs are
designed to respond with clarity and depth, ensuring that every exchange is an
opportunity for deeper learning.

Additionally, this Al-powered system fosters a learning-by-doing approach. Learners
are not passive recipients of information; they actively apply their knowledge,
reinforcing skill retention through hands-on practice. The ECAs can simulate a diverse
range of medical scenarios, each designed with specific objectives, challenges, and
complexities (see Figure 6). Feedback is seamlessly integrated into these exercises,
tailored to the learner’s real-time needs and the specific learning goals of the session.

By embedding Al-driven, interactive, and adaptive feedback into medical
simulation, this model sets a new benchmark for training excellence—ensuring that
healthcare professionals are not only competent but also confident in their ability to
navigate real-world medical challenges with precision and expertise.

Fig. 6. Representative conversational agents and scenarios

By integrating Al-enhanced feedback within the learning process and aligning it
with task-oriented collaboration with ECAs, medical simulation can achieve a level
of personalization and effectiveness previously unattainable. This methodology
not only prepares healthcare students and professionals with the knowledge they
need but also with the adaptive skills essential for navigating the unpredictable and
demanding world of healthcare.

4  IMPLEMENTATION AND SCALABILITY
4.1 Integration into existing educational infrastructures
Integrating Al-driven systems, particularly embodied conversational agents

(ECAs), into existing educational frameworks poses unique challenges and
opportunities. Educational institutions must consider hardware and software
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requirements, compatibility with existing learning management systems (LMS), and
the training needs of educators and administrators.
To facilitate smooth integration, a phased approach can be beneficial:

e Phase 1: Infrastructure Assessment — Evaluate the current technological
infrastructure, including hardware capabilities and bandwidth, to ensure they
can support advanced Al functionalities.

e Phase 2: Pilot Testing — Implement ECAs in a controlled environment to gather
insights and optimize systems before full-scale deployment.

e Phase 3: Full Integration — Expand the use of ECAs across the institution, ensuring
all technical and human resources are aligned for widespread adoption.

4.2 Addressing scalability challenges
Scalability is critical for the adoption of Al-driven educational tools. To address this:

e Modular Design: Develop ECAs with scalable architectures that allow institutions
to tailor functionalities based on specific needs and expansion plans.

e (loud-Based Solutions: Utilize cloud computing to manage data and computational
needs efficiently, facilitating easy scaling and updates.

e Training and Support: Establish comprehensive training programs for educators
and technical staff to adapt to Al tools, supplemented with ongoing support
and updates.

5  ETHICAL CONSIDERATIONS
5.1 Data privacy

The use of ECAs involves the processing of sensitive personal data, raising
significant privacy concerns. It is imperative to implement stringent data
protection measures:

e Encryption: Use advanced encryption methods for data storage and transmission.

e Access Controls: Ensure that data access is strictly regulated and available only to
authorized personnel.

e Compliance: Adhere tolocal and international data protection regulations, such as
GDPR in the European Union or similar regulations in Switzerland or California.

5.2 Bias and fairness

Al systems can inadvertently perpetuate biases present in their training data. To
combat this:

e Diverse Data Sets: Use varied and inclusive data sets for training ECAs to reduce
the risk of bias.

e Continuous Monitoring: Regularly evaluate the decisions and feedback provided
by ECAs to identify and correct biases.
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e Transparency: Maintain transparency about how Al models operate and make
decisions to build trust and accountability.

5.3 Autonomy in learning

While ECAs can guide and enhance learning, they should not replace the human
touch in education:

e Complementary Role: Position ECAs as tools that supplement, rather than replace,
traditional teaching methods.

e Learner Control: Ensure that learners have significant control over their
interactions with ECAs, promoting a balanced human-computer interaction.

6  EVALUATION OF EFFECTIVENESS
6.1 Measuring learning outcomes

To assess the effectiveness of ECAs, specific metrics related to learning outcomes
should be established:

e Performance Improvement: Measure changes in learner performance before
and after ECA integration.

e Engagement Metrics: Track engagement levels through analytics to see how
learners interact with ECAs.

e Feedback Quality: Evaluate the relevance and impact of the feedback provided by
ECAs on learner progress.

6.2 Preliminary data insights

Preliminary studies indicate that ECAs can significantly enhance learning
outcomes by providing real-time, personalized feedback. For instance, medical
students using ECAs have shown improved diagnostic accuracy and procedural
skills due to the immediate and contextual feedback during simulations.

6.3 Stakeholder feedback

Gathering and analyzing feedback from all stakeholders—students, educators,
and administrators—is crucial. This feedback can provide insights into the system’s
practical impacts, areas for improvement, and the overall acceptance of Al-driven
learning tools.

By addressing these areas comprehensively, educational institutions can not only
enhance the learning experience but also ensure ethical compliance and scalability
of Al implementations in educational settings.

Further research is needed to explore the potential of these conversational—and
artificially intelligent—digital humans. At e-REAL Labs, we’re committed to this
research because we envisage generative artificial intelligence as an interesting
driver for education and training. A representative conversational digital human
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to interact with is available by scanning the QR code below (see Figure 7) and then
scheduling a meeting online:

Fig. 7. By scanning the QR code, an avatar will appear and after a short self-introduction will provide an
online calendar allowing you to book a meeting to talk and test a digital human directly.

7  THE FUTURE OF AI-DRIVEN EDUCATIONAL TECHNOLOGY
IN HEALTHCARE

As we look toward the future, the potential of Al-driven educational technology,
particularly embodied conversational agents (ECAs), is boundless. The integration
of artificial intelligence into healthcare education marks a profound evolution in
how we conceive learning, practice, and feedback delivery. This transformation
is not limited to medical simulations but extends into every facet of professional
training, setting a precedent for how advanced technologies will shape education in
the decades to come.

7.1 Expanding applications in healthcare

While this article has focused predominantly on the use of ECAs within medical
simulations for training healthcare professionals, the potential applications of
these digital tools extend far beyond current usage. Future implementations could
involve real-time assistance during actual medical procedures, where ECAs serve as
consultative partners, offering insights based on vast databases of medical knowledge.
Imagine a scenario where a surgeon, during a complex procedure, could verbally
engage with an ECA to receive guidance or real-time feedback on a specific technique.

ECAs could also be integrated into patient education, helping healthcare
providers offer personalized instruction to patients. For example, an ECA could
assist in explaining complex medical conditions or treatment plans, adjusting its
language and approach based on the patient’s emotional state and comprehension
level, ensuring more effective communication.

7.2 Multidisciplinary expansion
The success of Al in healthcare simulation opens avenues for its adoption across

various disciplines, particularly in other high-stakes, performance-critical fields.
Sectors such as aerospace, law enforcement, military, and corporate leadership
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training could benefit immensely from Al-driven feedback systems tailored to real-
time performance monitoring and improvement. ECAs, with their ability to offer
nuanced, immediate, and personalized feedback, can be adapted to simulate critical
decision-making processes and high-pressure environments.

7.3 Continuous learning and professional development

The ability of ECAs to evolve with the learner is a critical advancement for lifelong
education. Traditionally, healthcare professionals must complete certification
programs and training sessions at periodic intervals. With ECAs, continuous
assessment and learning can become the norm. Learners could regularly engage
with ECAs to assess their skills, receive feedback, and identify areas for improvement,
promoting a model of ongoing professional development.

The system’s ability to provide adaptive learning paths based on the learner’s
progress would further individualize the educational experience, making it far more
efficient and tailored to each professional’s needs. This model would allow healthcare
providers to stay at the forefront of best practices and medical innovations without
needing to leave their clinical environments for extended training sessions.

7.4 Ethical and social considerations

As we advance, there are critical ethical considerations to address in the use of
Al-driven avatars, particularly in healthcare. Data privacy remains a central concern,
especially when dealing with sensitive personal health information. Institutions
must ensure that ECAs operate within strict ethical frameworks that protect both
patients and learners from potential misuse of data. Moreover, ongoing monitoring
to identify and rectify biases in Al systems will be essential to ensure equitable
treatment and avoid reinforcing existing disparities in healthcare.

Furthermore, while AI can significantly enhance learning, it is essential to
maintain a balanced approach where human intuition and judgment are not
overshadowed by technological reliance. ECAs should complement human
expertise, not replace it. As these technologies evolve, educators must continue to
guide learners through the complexities of real-world healthcare, ensuring that Al
remains a tool for enhancement rather than a substitute for human empathy, ethics,
and decision-making.

7.5 Future research directions

While early studies indicate the immense potential of ECAs in improving learning
outcomes, more comprehensive, long-term research is needed to fully understand
the impact of these tools across different medical disciplines and educational levels.

Future research should focus on:

e Quantitative and qualitative outcomes: Measuring how ECAs improve specific
skills over time and their effects on long-term knowledge retention.

e Learner acceptance and adaptability: Investigating how different learner
profiles engage with and adapt to these Al-driven systems, particularly regarding
emotional intelligence, critical thinking, and adaptability.
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e Cross-disciplinary applications: Expanding research to include diverse
professional fields and industries, studying how adaptable the ECA model is
across varying learning environments and challenges.

e Cost-effectiveness and scalability: Evaluating the financial and logistical
considerations of integrating ECAs into broader educational infrastructures,
including how these systems can be made accessible to a wide range of educational
institutions.

7.6 A paradigm shift in learning

Integrating Al-powered ECAs into healthcare education represents a paradigm
shift in how we approach learning and professional development. From static, one-
dimensional feedback systems to dynamic, interactive, and personalized educational
experiences, Al offers learners a future where professional growth is continuous,
adaptive, and deeply engaging.

The journey has just begun, but the trajectory is clear. By embracing Al-driven
avatars and the novel feedback systems they provide, healthcare education is poised
to become more personalized, immersive, and effective than ever before. This shift
in educational practice will not only enhance the skills of medical professionals but
also improve patient outcomes, ensuring that the future of healthcare is in safe,
skilled, and continuously evolving hands.
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