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Abstract: Medical educators face many challenges instructing future medical students, specifically in
the integration of learning technologies. To overcome these challenges, educators must implement
learner-centered and interactive teaching strategies. Anatomical sciences are the cornerstone of
medical education and provide the bedrock to layer conceptual understanding of the human body.
With the “medical knowledge boom”, most medical schools have reduced the curricular time for
anatomy instruction, resulting in a paucity of knowledge and issues incorporating anatomical knowl-
edge in clinical scenarios. Modern pedagogical techniques combining AI chatbots with concurrent
metacognitive frameworks can foster a deeper understanding of anatomical knowledge and analysis
of clinical cases. Student reflection on the learning process allows for monitoring their progress and
tailoring of learning strategies to their specific capabilities and needs. A.I. technology can aid in
scaffolding knowledge with practical applications via iterative and immediate feedback in case- or
problem-based learning formats. The use of textual conversations actively engages students and
simulates conversations with instructors. In this communication, we advocate for the incorporation
of AI technologies fused with a metacognitive framework as a medium to foster increased critical
thinking and skill development that enhances comprehension. These skills are important for medical
students’ lifelong learning process.

Keywords: medical instruction; anatomical sciences; artificial intelligence; metacognition;
critical thinking

1. Introduction

Gross anatomy forms the cornerstone of medical education. However, there is
widespread agreement among current instructors of anatomy that the number of actual
hours spent teaching this fundamental science in overcrowded undergraduate curricula
has been steadily declining. It is believed that the long-term effects of this lack of ideal
anatomical knowledge will have an impact on patient safety [1]. An increase in some
sorts of medico-legal cases has been attributed to an inadequate application of anatomy
knowledge. This might be caused in part by the quick adoption of contemporary learning
strategies of rote learning without an adequate introduction to clinical reasoning skills,
the dearth of gross anatomy instructors, and the absence of well-organized teaching and
learning methods to develop skills to become life-long learners [2]. Patient diagnosis often
relies on anatomical and functional understanding is often the primary determinant of
treatment and subsequently outcome [3]. This lack of understanding can result in misdiag-
nosis which puts patients at risk and directly leads to measurable harm [4]. The challenges
faced by modern medical educators in relation to curriculum integration are a decreased
instructor-to-student ratio, decreased face-to-face interaction, numerous ballooning topics
to be covered, and the inclusion of novel technologies suitable for the Gen Z population [5].
Educational experiences that are active, contextual, integrated, technologically sound, and
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student-oriented lead to deeper learning. For the past two decades, medical educationists
are restructuring their curricula as per modern learning theories that include components
of constructive, collaborative, contextual, and self-directed learning practices [6]. Imparting
this pedagogy requires the ingenious creativity of teachers and collaborative efforts from
learners in creating and organizing educational content in a logical sequence. Therefore,
medical educators need to look for the most sound and best practices to become self-
regulated, safe, and effective doctors and retain these practices for lifelong learning [7–9].
In this short communication, we advocate for the development of the core concepts such
that the essential knowledge is conferred appropriately to Gen Z students using modern
technology-supplemented instruction. In medical education, active learning strategies such
as problem-based learning (PBL) or case-based learning (CBL) aim to equip independent
learners for ongoing, self-directed development through metacognitive awareness outside
of the classroom. Case-based learning exposes students to real-world, complex clinical
situations that call for the use of anatomical knowledge to resolve issues [10]. Much re-
search has focused on these overlapping yet distinct instructional pedagogies, each having
associated benefits and drawbacks. A thorough discussion of these methods is beyond
the scope of this paper, but articles focused on their composition, utility, comparisons,
and success rates abound [11–14]. Although some students perceive medical education
to be an “exercise in memorizing facts” [9], successful instruction requires conceptual
understanding. The concept of metacognition in medical instruction has been assumed to
occur or ignored in the curriculum, even though active learning has become a key approach
in anatomical instruction [15–17].

2. Medical Education and the Gen Z Student Population

Medical education has a necessary amount of complexity that challenges students [8]
and because we cannot adjust the difficulty, we must focus on other avenues to inform and
retain students [18]. This type of instruction requires appropriate pedagogical methods
adherent to evidence-based practices that consider who is being taught. The present
generation of students (Gen Z) as well as future students have distinctive traits and interests
which influence their learning and educational experiences [19]. These students are digitally
savvy and are accustomed to using technology in daily life because they were raised in a
digital environment. They are skilled at using social media platforms, mobile apps, and
online resources. Incorporating visual resources into anatomy learning can help engage and
enhance their understanding. Compared to prior generations, Gen Z students frequently
have shorter attention spans. They can better recall and understand the material if it is
broken down into smaller, more manageable portions. Students in the Gen Z generation
value flexibility and accessibility in their learning resources. Learning experiences that
are individualized and gamified are favorably received by Gen Z students. Learners
of Generation Z tend to be inquisitive and value facts-based information and instant
feedback [20].

3. Incorporation of Digital Technology into Medical Education

The past two decades have seen tremendous growth in the incorporation of digital
technology in anatomy learning strategies. COVID-19 has accelerated the development of
digital technology where online and blended learning has become the norm of teaching on
a wider scale in most medical schools across the world [21]. There is a wide range of digital
technology to choose from which includes augmented reality, virtual reality, 3D modeling
of the human body, 3D printed models, virtual human dissectors etc. All these technologies
have been effectively implemented in medical education and are effective in providing
alternate experiences to understand the human body’s complexity and understanding
the relations of the internal structures. Even though these have been used effectively
during early instruction, drug guides and medical calculators tend to be the most used
medical technologies [22]. The impact of anatomical visualization using digital technology
and learning effectiveness have controversial reports in the literature [23,24]. Although
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these technologies have been developed and utilized in recent years, they have lacked
interaction and focus on cognitive strategies. Application of the knowledge gained through
these digital aids to real-life situations needs to be aligned to help critical thinking and
problem-solving skills. We postulate that this can be well conducted using an artificial
intelligence chatbot (AI chatbot) integrated within a metacognitive framework focused on
clinical situations.

4. Artificial Intelligence and Metacognition
4.1. Artifical Intellengence

Authentic cases delivered through an AI chatbot promote active learning by putting
students in control of their own education. Learners investigate pertinent anatomical
concepts, actively seek out information, and work together on their own or with peers to
solve issues. While analyzing many viewpoints, assessing the evidence, and coming to well-
informed judgments, this active engagement encourages critical thinking. The integration
of different perspectives pushes students to consider how anatomical concepts connect to
various facets of patient care. They have to think about how diseases, physiological changes,
and anatomical variances may affect clinical manifestations and available treatments. This
platform encourages learners to reflect on their learning process, assess their understanding,
and identify areas for improvement. This reflective practice engages metacognition and thus
promotes critical thinking as learners evaluate the effectiveness of their approach, consider
alternative perspectives, and adjust their strategies accordingly [25]. This reflection for
metacognitive purposes is best before, during, and after situations to develop the student’s
understanding of their learning process [23,26] and can aid in debiasing [15]. Given that
this system would be independent, students, residents, or practicing physicians can practice
at any time (asynchronously), without harming patients if incorrect, and with some of the
benefits of synchronous human tutoring [3,27,28].

4.2. Metacognition in Medical Education

Famed American theoretical astrophysicist Richard Feynman once discussed the
difference between, “. . .knowing the name of something and knowing something.” which
is an eloquent lead into the concept of metacognition. Very generally, metacognition can be
colloquially conceptualized by the phrase “thinking about thinking” but can be understood
more scientifically by “a range of executive system processes that are intimately involved
in self-assessment, cognitive control, and monitoring” [15]. This more complete definition
allows for a more expansive capacity that importantly includes recognition of the absence
of knowledge in particular areas. This can be broken down into two main components
such as knowledge of- and regulation/experiences of cognition [29–31]. Some have even
speculated that awareness and access to specific knowledge may be arguably as important
as the knowledge itself [4]. Research that supports this demonstrate a moderate correlation
between change in regulation of (but not knowledge of) metacognition over the first year
of medical school and academic results [7]. An analogy for this would be that you could
have a million dollars in the bank (knowledge) but if you don’t know how it was earned,
or how to get it out of the bank (regulation of metacognition), it is effectively useless.

The capacity to “know what you know and what you don’t know” is imperative for the
process of learning and is paramount for current medical students during their education
and beyond. Most students lack this ability and may outsource this from themselves to ex-
ternal assessment tools that provide “hard outcome measures” like assignments, e-learning
activities, or exams [9]. It is not uncommon for medical instructors to be surprised by
students’ negative reactions to poor performances on assessments [30] with their students
bringing a color-coded textbook to demonstrate the hours they spent studying [32]. This
behavior indicates that the issue may not be a lack of motivation [33] or time but one of a
lack of metacognitive awareness [16]. This is summarized well as “...competence is required
to identify areas of incompetency” [34]. Previous investigations have found that medical
students struggle with learning as well as understanding complex content that they are



Anatomia 2023, 2 274

responsible to learn [8,35]. Beyond this, students often struggle to transfer the knowledge
from basic sciences and even simulations to the real world [31,36,37].

Even the most educated individuals are not immune to what has been coined the
Dunning–Kruger effect [22,30,34], which states that people who know the least are more
confident in their ability. This overconfidence may lead to a premature conclusion of
a diagnosis prior to consideration of all components, negatively impacting patient out-
comes [3]. One investigation found that 98 and 95 percent of first year medical students
overestimated their performance in a patient encounter history and physical exam, re-
spectively [38], and other studies have found that physicians may be unskilled in global
self-assessment [39]. Training may improve this capability through simulation and ex-
ploratory experiences that encourage reflection [36]. This has implications for residency
and beyond with more competent but junior physicians rating their own efficacy lower
than less competent but more senior physicians; with this being more pronounced in female
professionals [34,40,41]. In fact, researchers have shown that the majority of university-level
learners have an inaccurate conception of how learning occurs leading to the use of poor or
ineffectual strategies that result in non-durable learning that has been called the “illusion
of knowing or competency” [22,30,32]. Training that includes metacognition as opposed to
traditional lecture-based instruction has recently seen increased research related to medical
education [3,8,15,25–27,31,32,35,42–45].

As current students progress through their careers, they will continue to experience
many changes in their knowledge, evaluations/tests, and treatments. Most of these ap-
proaches include student-directed learning to reflect the need for autonomy and competence
in the form of flipped classrooms, team-based learning, or other pedagogical methodolo-
gies [25,46]. These strategies have been found to improve learning compared to traditional
lecture methods, especially in stressful environments like that of medical education, but
early in the education process students may find it difficult to adopt them due to the lack
of familiarity [47,48]. This lack of familiarity may not allow for larger bits of information
to be “chunked” into smaller pieces placing a higher cognitive burden on the regulation
of working memory and critical thinking [35]. While critical thinking ability has been
shown to correlate with initial scores on medical education evaluations, it is self-regulation
and metacognition that showed an ability to manage the cognitive load [35]. This also
correlates with learning growth which is important for students’ success in an expanding
and integrative curriculum [29,49]. Some even speculate that metacognitive strategies can
mediate emotions, self-efficacy, and self-regulation and that these then influence academic
performance [43,46].

While there is some discussion in the literature about which strategy is appropriate
for particular subjects within medical education, all seem to have an undercurrent of
metacognitive strategies [27,31,48]. Metacognitive skills that manage the learning process
are not natural, inherited, or stationary but can be influenced through instruction [50]. The
method of this instruction can be through classroom activities, online resources, mobile
apps, virtual bodies, VR simulations, quizlets, etc. These teaching strategies have shown
improvements above traditional lecture-based methods likely due to the student being an
active as opposed to a passive participant in the learning process. This active vs passive
interaction with the material likely engages metacognitive processes that better aid learning
progression. While the learning methods focused on student-directed learning have been
shown to be greatly beneficial, they can be time-consuming for both the instructor and the
student. This increase in time allocation is problematic given the current and growing topics
needing to be covered in medical education as well as the shrinking teacher to student
ratio. Additionally, the use of these strategies may overly rely or focus on high performers
and or those that feel comfortable talking in front of others [36]. Ironically, the students
who may need the most assistance may be relying on others during these activities to the
detriment of their comprehension and progression in the program. Thus, these pedagogical
techniques engage students and aid in learning but may do so in an unbalanced manner
for students and take an inordinate amount of allocated time to complete.



Anatomia 2023, 2 275

Given the benefits of these techniques likely due to engagement with metacognitive
processes, a more explicit training that incorporates components of metacognition into its
design is imperative [42]. Additionally, this should also be able to surmount the issues of
uneven distribution of effect, in and out of classroom time commitment, as well as make use
of emerging technologies such as Artificial Intelligence (AI). The use of AI in instruction is
a current focus within education generally as well as medical education specifically. Within
this focus, we advocate for an AI chatbot specifically engineered to incorporate metacog-
nitive principles and scaffolding (i.e., individual pacing) for medical education integrating
multiple domains (anatomy, physiology, disease presentation, testing, treatment, etc.. . .) to
aid comprehension [36]. This scaffolding allows for the emphasis of specific knowledge
and encourages the reflection and deeper learning that is necessary for cognitively complex
problems like that of medical education [45]. The training of medical students may teach
domains of knowledge as “a la carte” entrees in discrete silos but it is the interaction and
integration of these that defines medical practice [25]. The use of the chatbot will allow
for components explicitly necessary to train this new generation, particularly immediate
feedback in an iterative and interactive technology format that they are familiar with (see
Figures 1 and 2 below). The iterative nature of this technology is of great benefit since the
learning, especially self-regulated, is cyclical (see Figure 2 below) and can be scaffolded based
upon prior knowledge and performance with students fixing their misconceptions rather than
just “moving on to the next exam” [31,32]. This can enable the chatbot to fade or increase
assistance allowing for a gradation of knowledge acquisition and focusing the learner on
knowledge yet to be satisfactorily acquired [27,37]. The “testing” type format, as opposed to
“restudying” that the chatbot would use is generative (short answer) as opposed to recognition
(multiple choice) and is better for long-term memory retention.

Anatomia 2023, 2, FOR PEER REVIEW  6 
 

 

 

Figure 1. This figure demonstrates a single example of a diagnostic decision tree. In this particular 

example students will start with partial knowledge and as they provide answers and speculations 

will obtain more information or hints in the form of questions to further guide them to the correct 

answer. In this particular case the final diagnosis is compartment syndrome. Embedded images re-

trieved from PM Robinson, E Griffiths and AC Watts [51] for the x-ray image, I Gedi Ibrahim and M 

Tahtabasi [52] for the doppler ultrasound image, and D Suvashis, M Rahul and P Lukesh [53] for the 

arm image. 

Figure 1. This figure demonstrates a single example of a diagnostic decision tree. In this particular
example students will start with partial knowledge and as they provide answers and speculations
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will obtain more information or hints in the form of questions to further guide them to the correct
answer. In this particular case the final diagnosis is compartment syndrome. Embedded images
retrieved from PM Robinson, E Griffiths and AC Watts [51] for the x-ray image, I Gedi Ibrahim and
M Tahtabasi [52] for the doppler ultrasound image, and D Suvashis, M Rahul and P Lukesh [53] for
the arm image.
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Figure 2. This figure demonstrates the manner in which principles of metacognition including
planning, monitoring, and evaluation in a cyclical fashion provide a theoretical framework to guide
students through the diagnostic process. This will be both explicit and implicit within the framework
of the AI chatbot application.

The combination of testing and feedback has been shown to improve learning [45]
and even quadrupled retention when compared to no testing [22,54]. An added benefit is
that this interaction also more closely resembles the real-world clinical environment which
solidifies knowledge especially when meant to perform or assess in a similar context [26].
In addition, students will not get distracted by “lures” that are not “the best choice” which
may unfortunately be incorporated into the student’s knowledge and persevere even
despite correction. Misconceptions are different from a lack of knowledge in that they tend
to be stronger and less easily changed [17]. Operationally, incorrect answers that have a
high degree of confidence are considered misconceptions, and those with low confidence
as lack of knowledge. A lack of knowledge improves over the course of instruction;
however, misconceptions can persist even after traditional instruction [17]. The use of
metacognition combats these perseverative misconceptions by de-biasing the individual
through detaching the student a bit from the clinical decision and focusing on how they are
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thinking [47]. The nature of the way in which people will interact with this chatbot will
be very similar and relevant to the way that information is acquired in the clinical setting.
Not all information about each patient is always readily available and decisions for which
assessment or test should be conducted typically rely on a set of partial or incomplete
information. This parity between the training and clinical situations will allow students to
bridge the gap and better adjust to the demanding clinical rotation environment [9,45].

4.3. AI Case Example Using Metacognition

In the supplied example (see Figure 1 above), a background stating that a patient
presented with a broken arm is experiencing swelling and numbness in her fingers. Then a
prompt asking for a differential diagnosis including all possible causes for this symptom.
Out of the possible diagnoses speculated by the student, they will be asked to choose
the most likely cause. Again, immediate feedback is given to the student in the form of
questions that are intended to guide them to the appropriate answer. Without feedback
incorrect answers with either low or high confidence from the student are almost never
corrected within memory [22]. Following this, students would be asked to then indicate
what type of test they would perform given the likelihood of the enumerated diagnoses.
Incorrect or less correct answers could be noted immediately allowing for very quick
adjustment in the choice of assessment leading to better gains in learning [3]. Correction
of errors early in the process of assessment is a critical factor for learning and prevents
students from spending time, energy, and cognitive effort continuing down incorrect
diagnostic avenues. Following the eventual correct choice of assessment, clinically relevant
information that was acquired from that test would be supplied and this would proceed in
this fashion until finalization of diagnosis. A similar pattern of iterative questioning and
progression would be used to identify a likely course of treatment.

In the provided example students would indicate that tingling and numbness is likely
caused by nerve damage which is a related and plausible solution but ultimately incorrect.
This type of instruction has been successfully used [15,36] to improve medical students’
differential diagnosis by encouraging further discussion or demonstrating a need for more
research. Often medical textbooks and traditional instruction may present patient cases
in an overly explicit manner lacking the ambiguity of real patient diagnosis [4]. In a
case example from a gastroenterology chapter or textbook, it is very unlikely that the
diagnosis would be related to anything other than the gut. Training using more ambiguous
patient presentation has previously been done by incorporating metacognitive strategies
through mnemonics like the TWED method (Threat, What else, Evidence, and Dispositional
factors) [47] or a variety of other strategies [4]. While the patient presentation should occur
in a iterative and pseudo-ambiguous fashion, the questions themselves should remain clear
in their statement and appropriate in format [55]. Following the suggestion of a possible
and related but incorrect differential diagnosis, a prompt would ask the student, “How do
you explain the swelling” which would lead to re-evaluation from the student eventually
stating that this is likely due to arterial damage.

Once the correct underlying reason is identified, then more specifics are then layered
beyond that asking for the specific artery that this would be. If the incorrect artery is chosen
(ulnar or radial) as an explanation, a prompt would appear that would state, “but the
numbness involves all of the fingers.” This should eventually lead them to conclude that the
Brachial artery is likely the cause of the swelling. Delving further they are then prompted
by the question, “Where is the location of the structure?” Once identified, students will then
be asked what the name of the condition was that would cause this cluster of symptoms
(Compartment Syndrome). After the correct identification, more information and other
teaching points about the condition, as well as the full decision tree (a variation in concept
mapping) with the correct pathway, will be highlighted [3,8]. This system will also allow for
elaborated, as opposed to partial feedback, which is much more powerful [22], and these
hints becoming increasingly specific, is a component of successful instruction in human to
human instruction [3]. One of the benefits of this type of interactive instruction is that it
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uses bottom-up, as opposed to top-down assessment which is more representative of the
real-world experience.

The use of this AI system incorporates the theory of dual process cognition that
acknowledges that we have a faster, more automatic and a slow more effortful method of
processing information. The AI provides smaller and more consistent pieces of information
as the case progresses. This is more necessary for the student who is using a slow and more
effortful processing system as compared to automatic processing [45,47]. Some speculate
that an underlying challenge of medical instruction is that the automatic system is highly
developed in the instructor and there are issues when “back translating” it into the slower,
segmented, and more effortful system for their students. When these students encounter
new clinical cases in their rotations they will be better adapted and more prepared to engage
in the automatic processing required by the fast-paced clinical environment. Strikingly,
it is actually hoped that through medical education training and practice, students will
transition to the fast process, making decisions by automatic pattern recognition.

The scaffolding of knowledge is an important component of the learning process. Like
that of riding a bicycle or driving a car, at first you must pay attention to each and every
minute aspect of the action. This focus on each individual piece, ironically may make it
more difficult to perform the task as a whole. After sufficient practice, people acquire the
knowledge and can perform the task but may then be unable to eloquently convey the
individual components on which they were once intently focused. The use of the iterative
interactive component of a chatbot can help those initially starting the process of learning
and will prevent miscommunication from instructors who are immensely competent to
the point that they not only do not break necessary points into smaller, more digestible
“chunks” but even unintentionally gloss over lesser, albeit still necessary, components.
Thus, making each of these components explicit and tangible for students that lack any
conception of the structure or organization of the information [55].

As a note of caution however, the use of scaffolding and appropriate testing methods
within an AI chatbot should be constructed in a way as to not interfere with the natural
flow of learning, which may be a challenge [3,37]. This can be addressed strategically using
this tool after students obtain sufficient topographic and systemic anatomy knowledge.
The implementation of this strategy may also require training of faculty and staff in its
use and student interface. Additionally, we would be remiss not to highlight the idea that
these strategies are to be incorporated in addition to the more traditional methodologies of
anatomy instruction. The implementation of AI as discussed in this article would never
replace strategies such as in person dissection and interaction with the instructor and other
students. These traditional experiences help to cultivate skills needed for interpersonal
communication and the doctor–patient relationship which are still crucial and foundational
to the practice of medicine. As for hands-on skills, learning technologies such as virtual
reality, synthetics, simulations, and A.I. have improved leaps and bounds over the last
30 years, they are still an inferior substitution for dissection of a doner body. Maintaining
a balance between tried-and-true pedagogical techniques and the inclusion of newer
methodologies and evidence-based practices will be of the utmost importance moving into
the 21st century and beyond.

5. Conclusions

Gen Z’s consistent exposure to digital technology has changed their learning abilities
and preferences. By understanding the unique characteristics and preferences of Gen Z
learners (digital natives, flexibility, instant feedback, shorter attention span, multimedia
presentation, etc.), medical educators can design anatomy learning experiences that cater to
their needs through enhanced engagement, technology-focused instruction, and iterative
feedback. As passionate medical professionals and educators, we have observed the
challenges faced by medical students when attempting to bridge the gap between theoretical
knowledge and practical application. The true potential of AI chatbots lies in the integration
of metacognitive frameworks for student success and plays a crucial role in their learning
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and development. Metacognitive strategies empower students to take greater control of
their learning through planning, monitoring, and reflection. This encourages the students
to understand their own learning processes and take ownership of their learning outcomes.
Incorporating chatbots matches the abilities and preferences of Gen Z, facilitates self-paced
learning, identifies misconceptions or roadblocks, aids in evaluation of their learning
progress, and allows for necessary adjustments to gain mastery of lifelong learning skills.
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