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Abstract: Anatomy education plays a critical role in medical practice, and the level of anatomical knowledge
among students and physicians significantly impacts patient care. This article presents a pilot project
conducted by the University of Milan aimed at exploring the effectiveness of the Area9's Rhapsode platform,
an intelligent tutoring system that uses artificial intelligence to personalize learning and collect data on mastery
acquisition. The study focused on liver anatomy and employed a flipped classroom approach, incorporating
adaptive learning modules and an interactive in-class session. The project's execution, outcomes and
preliminary pedagogical considerations are discussed. The results demonstrated improved learning quality,
positive repurposing of study time, enhanced metacognitive awareness among students, with most of students
demonstrating conscious mastery of the materials and a clear understanding of their level of competence. This
approach, by providing valuable insights into the potential of artificial intelligence-based adaptive learning
systems in anatomy education, could address the challenges posed by limited teaching hours, shortage of
anatomist and the need for individualized instruction, with recommendations for future research and the
expansion of adaptive learning modules to other anatomical districts.
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Adaptive Artificial Intelligence represents a dynamic approach that can help improve
memorization and knowledge in the study of human anatomy. In this pilot study, which focuses on
a module on embryology and the macroscopic and microscopic anatomy of the liver, the information
and learning objectives are provided in a sequential manner, without compromising the learner's
freedom of choice, creating paths that the learner can face and even repeat. The module also promotes
personalized training by stimulating a process of self-assessment in the learner, through the
combination of different cognitive elements (vocal, visual and textual), multiple-choice quizzes and
gaming, to make the learning experience more autonomous, personalized and engaging, stimulating
in the learner an independent commitment appropriate to their level of knowledge and needs. At the
same time, artificial intelligence also offers an additional advantage as it can deliver quality feedback
on learners' performance, with a significant impact on the results and quality of the educational offer.

The Authors confirm that neither the manuscript nor any parts of its content are currently under
consideration or published in another journal.

Introduction

Anatomy education is crucial for medical students and physicians as it lays the foundation for
understanding the human body and is vital for clinical practice [1-4].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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However, in recent years, the decrease in anatomy teaching time, the reduced allocation of
resources, a shortage of trained anatomists and of skilled teaching staff and conversely the increasing
number of students are critically impacting both undergraduate anatomy curricula and medical
formation, with significant implications in medico-legal claims [5-7].

This is also particularly true for anatomical dissection programs, long considered a cornerstone
in developing anatomy knowledge [8]. High costs, ethical issues, low donation rate, the reduction
of time in teaching anatomy, the difficult to enroll qualified staff, the recent technological
advancements and the negative emotional experiences of students are limiting the use cadaveric
dissection, despite its significant role in allowing a 3D visualization of the organization of human
body including anatomical variations and in the preparatory work for the transfer of concepts from
normal anatomy to pathological aspects [9,10].

Another critical factor in developing a profound understanding of anatomy is the substantial
cognitive load associated with studying it during the preclinical years at the beginning of one's
university education. This also applies to other fundamental sciences. Additionally, there is a
noticeable decrease in the retention of information related to the basic sciences, especially anatomy,
acquired during the first 1-2 years of medical school when students enter the clinical years. In this
context, emphasizing the clinical significance, both in theory and practice, of fundamental scientific
knowledge (such as promoting ongoing and focused anatomical education during medical training)
could prove immensely advantageous in preserving not only anatomy knowledge but also
information related to other foundational sciences [11,12].

Various methods have been explored in anatomy education, including radiologic imaging
technologies, living anatomy, problem-based learning, digital dissection, and emerging technologies
like virtual reality (VR), augmented reality (AR) and 3D printing [13-18]. Specifically, the integration
of AR and VR into medical school curricula remains a topic of debate, and further research is
necessary to evaluate their impact on enhancing educational outcomes in the learning and
understanding of anatomy [19,20].

These challenges underscore the need for innovative approaches to enhance anatomy learning
in medical education [21].

This article explores the potential of technological advancements, particularly artificial
intelligence (AI) and adaptive learning, which combine advanced machine learning algorithms with
a more responsive and flexible approach to autonomous learning, aiming to enhance the teaching
and learning of anatomy. Adaptive Al has the potential to revolutionize anatomy education
throughout the continuum of medical courses by providing valuable support to anatomy instructors.

We present a pilot project centered on liver anatomy as a case study conducted during the
Course of Anatomy at Vialba Medical School, University of Milan.

Methods

The project involved 123 first-year medical students and used the Rhapsode platform developed
by Area9 Lyceum (https://area9lyceum.com).

Regarding the content, the module was developed in close collaboration between the
Coordinator of the Course of anatomy and Area9 Medical Learning Architects and Engineers.

The topics of the module focused on different aspects of liver anatomy (microscopic and
macroscopic anatomy, embryology, clinical anatomy).

Content and resources of the module were adaptable to various digital devices (i.e., smartphone,
tablet, computer) and each student received by email a personal code to access to the platform.

The test was conducted anonymously.

The project design incorporated a flipped classroom approach, which combined asynchronous
adaptive learning modules with interactive in-class sessions.

The adaptive learning module provided personalized learning experiences based on the
students' individual needs and progress.

For every question posed to students, as well as whenever a learning resource is presented to
them, before they can proceed, the system asks them to also indicate their level of confidence
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regarding their knowledge and answers (i.e., for question: I know - I think so - I'm not sure - I have
no idea; for resources: [ knew it - Now I understand - I think I understand - I don't understand).

The Al-driven system collected comprehensive data on student performance, including
advancement rates and time taken to achieve mastery. Metacognitive data was also collected,
assessing students' confidence levels and awareness of their knowledge gaps.

Results

The outcomes of the pilot project indicated significant improvements in learning outcomes and
student engagement. The students demonstrated high levels of mastery acquisition, with an average
progress rate of 98%. Among the participating students, 115 out of 123 (93.5%) achieved a 100%
progress, indicating full mastery of the defined learning objectives within the adaptive learning
module. The average time taken to achieve full mastery of the 34 learning objectives was 38 minutes
and 25 seconds. The minimum time recorded for achieving 100% advancement was 19 minutes, while
the maximum time was 58 minutes.

Analysis of the metacognitive data revealed that, initially, students exhibited a 19.43% level of
unconscious incompetence, i.e. they answered almost every fifth question stating they believed to
know the subject, but they actually didn’t (Figure 1, A and B).

Final metacognition levels

Initial metacognition levels
wInitial unconseious incompetence 1,87/1,23  Final unconscious incompetence

Initial conscious incompetence Final conscious incompetence

' Final unconscious competence
 Initial unconscious competence
® Final conscious competence

® Initial conscious competence

A B

Figure 1. A,B: The graphs show the cross-over levels of initial (A) and final (B) proficiency and
awareness of the students who participated in the pilot. The initial unconscious incompetence
detected by the system was 19.43%. In the current literature, the average amount of topics that, when
questioned, you think you know but do not actually master (definition of unconscious incompetence)
fluctuates between 22% and 28% in groups of students interested in a subject but not yet experts in it.
This is a crucial indicator, especially in areas where presumption can have fatal consequences.

Additionally, students displayed a 18,11% level of conscious incompetence, recognizing thereby
their lack of knowledge in some learning objectives. However, in 50.86% of the cases students
exhibited conscious competence, indicating a strong awareness of their knowledge.

After participating in the adaptive learning module, only 1.87% of students remained in the
category of unconscious incompetence.

Moreover, most of students (98.73%) demonstrated conscious mastery of the materials, with a
clear understanding of their level of competence.

The interactive in-class session facilitated discussions and clarifications for topics that were
identified as more challenging based on the Al system's data analysis. The students expressed
increased clarity and understanding compared to traditional in-person lectures.

The Rhapsode platform's analytical tools enabled also to collect valuable data regarding to the
progress of each individual student, as well as of the course as a whole together and in detail, so
helping to develop the best path to reach learning goals.
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A heat map (Figure 2: the figure provides a purely indicative snapshot) displays in a concise
manner the performance of each individual student (on the x-axis) with respect to the individual
learning objectives (on the y-axis).

[ A | A A... A.... A.... A.... A.... A | A.. A.... A... A...
Define Cantlie's line 50 100 33 100 50 88 100 100 33 88
Identify the general location of the liver So 100 S0 100 88 88 50 88 50 100
Identify the location of the space of Disse so 100 100 100 100 100 100 100 100 100
Label the structures of organ that borders the... ss [ T100 50 88 62 50 100 62 88 88
Where does develop liver bud? 71 100 56 69 62 62 59 56 81 s8
Recall the cells within the si id: 100 50 50 50 100 100 100 50 50 100 |
how liver are identified 100 100 100 100 50 88 100 100 50 100
ize the ical landmark which... 100 100 50 100 25 100 100 100 50 100 |
R ize the ch istics of h 76 76 |60 HooHo0 | s3 81 s1 [Acol 81
Recognize the direction in which bile flows.... 100 100 100 50 50 50 100 100 100 50
Reccognize the location of portal triads in a .... 100 100 100 100 100 100 100 100 100 50
ize the | ion of IVC in rel to..... 80 33 33 50 33 88 100 88 58 88
Recognize the location where arterial blood..... so [700 100 50 100 88 so [AGoMl so [T100 |
R ize the location of the hepatic 100 73 100 Z 100 88 100 100 100 50
ize the | ion of Kupffer cells 100 so [TH00 50 88 88 50 88 100 | 88

Figure 2. The analytical tools of the Rhapsode platform also make it possible to collect extremely
important data regarding the progress of each individual student as well as the course as a whole and
in detail. A heat map (of which the figure provides a purely indicative snapshot) summarizes the
performance of each individual student (on the x-axis) with respect to the individual learning
objectives (on the y-axis).

The concrete analysis of the thermal map of the course made it possible to identify 2 learning
objectives as in the case it was necessary to improve the resources imparted to the students to learn.

On the other hand, the presence of too many yellow or red rectangles in the vertical columns,
allowed us to identify 11 students out of 123 who could benefit from a supplement of personal help,
especially from the point of view of study method.

Discussion

The findings of the pilot project underscore the potential of flipped classroom learning and Al-
based adaptive learning platforms in anatomy education, allowing monitoring of student activity
based on models that could accurately predict student outcomes. The personalized learning
experiences offered by the Rhapsode platform empowered students to take an active role in their
learning process. The integration of Al technologies facilitated the identification of individual
learning needs, promoted critical thinking skills, and optimized learning outcomes.

The preliminary pedagogical considerations highlighted the importance of high-quality learning
materials, continuous assessment, and professional development of teachers to effectively implement
adaptive learning systems [22,23].

The incorporation of adaptive learning modules in anatomy education has several benefits.

Firstly, it allows students to learn at their own pace, ensuring a comprehensive understanding
of the subject matter. The adaptive nature of the platform ensures that students receive targeted
instruction, addressing their specific areas of weakness and reinforcing their strengths. This
personalized approach enhances student engagement, motivation, and knowledge retention.

Moreover, the Al-driven system provides valuable insights into student performance, enabling
educators to identify areas where students commonly struggle. This information can inform
instructional design and curriculum development, ensuring that teaching materials and resources are
tailored to address the specific needs of learners. The platform's metacognitive assessment tools also
contribute to students' self-awareness of their learning progress and areas for improvement,
promoting lifelong learning skills.

The interactive in-class sessions complemented the adaptive learning modules by providing
opportunities for real-time discussions, questions, and deeper exploration of complex topics. The
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teacher's role shifted from a traditional lecturer to a facilitator, guiding students through active
learning experiences. This promoted critical thinking, problem-solving, and collaborative skills—
essential competencies for future healthcare professionals.

The project's results also revealed the importance of continuous assessment and immediate
meaningful feedback. The Al-driven system collected detailed data on student performance, enabling
educators to identify knowledge gaps, misconceptions, and areas that require additional support.
This data-driven feedback on performance allows for timely interventions, personalized remediation,
and targeted teaching strategies with a significant impact on the results and quality of the educational
offer [24,25]. Furthermore, the feedback loop encourages students to reflect on their learning progress
and actively engage in self-directed strategies that could improve student's learning.

Lastly, the system also allows for a quick and efficient evaluation of resources provided to
students. The analysis of issues revealed by artificial intelligence has allowed us to verify that in four
questions, a significant percentage of students tended to choose a specific incorrect answer. Such an
issue can be improved by adding a micro-correction to these wrong answers, which will appear
immediately when the system informs students that they have made a mistake. Moreover, the system
allows to modify and adjust learning materials, so enabling a more dynamic and responsive learning
experience that evolves with the student and with the continually challenge of the scientific
knowledge.

While the pilot project focused on liver anatomy, the success and positive outcomes indicate the
potential for applying adaptive learning modules to other anatomical areas. The outcomes of this
project encourage further research and the expansion of adaptive learning modules to other
anatomical areas.

Conclusions

This pilot project demonstrated the effectiveness of flipped classroom learning and Al-based
adaptive learning platforms in enhancing anatomy education. The study provided valuable insights
into improving teaching methods, individualizing learning experiences, and fostering metacognitive
awareness among medical students. By leveraging Al and adaptive learning technologies, anatomy
education can be transformed to meet the demands of the digital era, ensuring that future healthcare
professionals are well-equipped with comprehensive anatomical knowledge.
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