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INTRODUC TION

Artificial intelligence in anatomy education
Advances in artificial intelligence (AI) have significant potential 
implications for clinical anatomy education across contexts and 
cultures. Anatomy educators, and education more broadly, are 

embracing innovative technologies through the development and 
incorporation of a range of AI tools across the spectrum of health-
care professional education (from preclinical, to clinical, through to 
doctors- in- training/residents).

Despite the enthusiasm for artificial intelligence within ed-
ucation, a widely accepted definition of AI remains elusive. As 
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Abstract
Anatomy educators are often at the forefront of adopting innovative and advanced 
technologies for teaching, such as artificial intelligence (AI). While AI offers potential 
new opportunities for anatomical education, hard lessons learned from the deployment 
of AI tools in other domains (e.g., criminal justice, healthcare, and finance) suggest that 
these opportunities are likely to be tempered by disadvantages for at least some learn-
ers and within certain educational contexts. From the perspectives of an anatomy edu-
cator, public health researcher, medical ethicist, and an educational technology expert, 
this article examines five tensions between the promises and the perils of integrating 
AI into anatomy education. These tensions highlight the ways in which AI is currently 
ill- suited for incorporating the uncertainties intrinsic to anatomy education in the areas 
of (1) human variations, (2) healthcare practice, (3) diversity and social justice, (4) stu-
dent support, and (5) student learning. Practical recommendations for a considered ap-
proach to working alongside AI in the contemporary (and future) anatomy education 
learning environment are provided, including enhanced transparency about how AI is 
integrated, AI developer diversity, inclusion of uncertainty and anatomical variations 
within deployed AI, provisions made for educator awareness of AI benefits and limita-
tions, building in curricular “AI- free” time, and engaging AI to extend human capacities. 
These recommendations serve as a guiding framework for how the clinical anatomy 
discipline, and anatomy educators, can work alongside AI, and develop a more nuanced 
and considered approach to the role of AI in healthcare education.

K E Y W O R D S
anatomy education, artificial intelligence, bioethics, computer aided instruction, diversity, 
ethics, gross anatomy education, technology
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Eliezer Yudkowsky, an AI theorist and writer from the United 
States, stated in 2008: “By far, the greatest danger of Artificial 
Intelligence is that people conclude too early that they understand 
it” (Yudkowsky, 2008). The term AI, within contemporary literature, 
typically refers to computer systems that analyze data in order to 
identify meaningful patterns, make decisions and predictions, and 
perform tasks historically requiring human- level intelligence without 
explicit human instructions (other than those in the programming) 
(Selwyn & Gallo Cordoba, 2021). Indeed, AI initiatives are largely 
driven by the goal of simulating aspects of human cognition (e.g., 
logic and sense- making) which focus on a capacity to process huge 
amounts of, often, unstructured data in the performance of well- 
defined tasks. Because of these data processing features, AI is also 
referred to in the literature in terms of “algorithmic data processing” 
or simply “machine learning” (Bini, 2018). While some distinguish be-
tween “machine learning” and AI, in this article these terms will be 
treated synonymously.

This article focuses on what Siddarth and colleagues describe as 
“actually existing AI” (Siddarth et al., 2021). In contrast with specu-
lative future forms of “general AI” (where “all- knowing” machines 
match or even out- perform human intelligence), “existing AI” is re-
stricted to mimicking a limited task or action at levels comparable to, 
or exceeding, that which might otherwise be carried out by humans 
(Bundy, 2017; Littman et al., 2021). As such, existing AI cannot match 
the full capabilities of human clinicians or educators, but can carry 
out specific tasks at high speed, at large scale, and with remarkable 
consistency.

Indeed, various forms of AI are already deployed in clinical set-
tings, in roles ranging from diagnostic and detection tools through 
to decision- support systems relating to triaging patients, identifi-
cation of patient anomalies, intraoperative feedback, and even the 
summarization of written notes and other clinical texts (Banerjee 
et al., 2020). Incorporating AI into anatomy education is similarly 
gaining traction, in part as a response to the Covid- 19 pandemic ed-
ucational context.

Historical approaches to anatomy education were disrupted 
during the Covid- 19 pandemic, with the onset of remote teach-
ing which was nearly universally shared by the anatomy discipline 
at some point between 2020 and 2022 (Pather et al., 2020; Sun 
et al., 2020; Harmon et al., 2021). This collective experience has 
led to some calls to further integrate AI into anatomy education as 
an ongoing standard teaching tool, with select groups of students 
and educators valuing these technological advances over traditional 
person- led teaching approaches like dissection (Papa et al., 2022). 
Given this contemporary interest in supporting artificial intelligence- 
infused anatomical education (AIEd), this article explores the ques-
tion: To what extent can existing AI enhance and/or support effective 
anatomy education?

Broadly, AI capabilities are currently integrated into anatomy 
online learning systems for student monitoring (Inuwa et al., 2011), 
deployed through three- dimensional anatomical model devel-
opment (Li et al., 2017; Smith et al., 2018), virtual dissection 
(Afsharpour et al., 2018; Darras et al., 2018), anatomy gamification 

(Ang et al., 2018), and employed to enhance students experiences 
with virtual reality (VR) (Preim & Saalfeld, 2018; Erolin et al., 2019) 
and augmented reality (AR) (Ferrer- Torregrosa et al., 2015). Artificial 
intelligence is also being engaged in the online simulation of sur-
gery and autopsies (El Miedany, 2019; O'Sullivan et al., 2019; Dias 
et al., 2021), providing innovative contexts for increasing trainees' 
practice opportunities.

Anatomy educators are beginning to make use of AI- assisted 
assessment as well— from the automated grading of essays and 
open- ended answers, through to adaptive testing that alters the 
content of assessment to fit the capabilities of the individual test- 
taker (Lee et al., 2012; Meyer et al., 2016). More recent advances 
include the development of chatbots and conversational agents to 
answer “Googleable” anatomy knowledge questions (e.g., structure 
names and textbook reported innervations) (Li et al., 2021). These 
chatbots are also helping to enhance learners' radiological anatomy 
knowledge (Marsh, 2018). Echoing the findings of this burgeoning 
literature, a recent scoping review identified the increasing use of 
immersive AI technologies in dental education (Saghiri et al., 2022).

Anatomical education, as part of the broader medical education 
community, is following a number of higher education trends by in-
tegrating AI in the form of “learning analytics” alongside other meth-
ods of AI- informed student monitoring. Data generated by student 
interactions with these online learning tools are used to infer levels 
of learner engagement, student motivation, and concentration, and 
even to predict the likelihood of students' future performance and 
knowledge retention (Blikstein, 2013). Student monitoring can also 
use facial analysis and eye- tracking to infer emotional engagement 
with studies, as well as perform “online proctoring” to confirm that 
students are not cheating in remote computer- based examinations. 
Overall, the landscape of anatomy education is increasingly making 
provisions for, and incorporation of, artificial intelligence.

STRENGTHS AND OPPORTUNITIES WITH 
ARTIFICIAL INTELLIGENCE- INFUSED 
ANATOMY EDUC ATION

Artificial intelligence- infused anatomical education comes with ap-
pealing promises and potential benefits, including the scope of these 
technologies to work at scales and speeds not otherwise possible by 
human educators. This AIEd also offers opportunities for enhanced 
consistency and precision across anatomy education delivery and 
assessments, as well as the capacity to detect issues and patterns 
that may otherwise go undetected by humans. This leads to claims 
that AI- driven tutoring systems can quickly get to “know” students 
in far more detail than is possible for a human tutor (Briggs, 2014; Li 
et al., 2021; Wong, 2021). Human educators can also benefit from 
being relieved of routine teaching tasks (e.g., attendance, marking 
etc.) allowing them to concentrate on higher- level pedagogical work 
such as curriculum design (Selwyn & Gallo Cordoba, 2021).

Contemporary findings support this AI potentiation, with some 
students reportedly responding well to automated feedback and 
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advice, particularly those with queries related to content in syllabi 
and textbooks (Feng et al., 2006). Universities are also benefitting 
from greater and more precise levels of information about their 
students (Luckin et al., 2016). All told, many anatomical education 
commentators broadly welcome the increased use of technologies 
in anatomy education (Drake et al., 2009; Rizzolo et al., 2010), with 
some highlighting the value of AI in particular (Sugand et al., 2010; 
Trelease, 2016; Guimarães et al., 2017; McBride & Drake, 2018). 
Nonetheless, these discussions all too often fail to engage with the 
burgeoning literature raising concerns about the social impacts of AI 
(Eubanks, 2018; Benjamin, 2019; Pasquale, 2019; Katz, 2020; Lanier 
& Weyl, 2020; Chun, 2021). Incorporating AI into anatomy educa-
tion may therefore provide unique benefits, but there may also be 
unintended consequences.

WE AKNESSES AND THRE ATS WITH 
ARTIFICIAL INTELLIGENCE- INFUSED 
ANATOMY EDUC ATION

Alongside developing a clear sense of what might be practically 
achieved with AI technologies, it is important that anatomy educa-
tors also develop critical understandings of the broader implications 
of AIEd. Discussed in more detail throughout this article, these im-
plications range from the epistemological and ontological founda-
tions (i.e., the nature of knowledge and the nature and fundamental 
properties of the world including worldviews, respectively) of AI 
education, issues of expertise and judgment, through to the chang-
ing nature of what it means to work alongside “intelligent” machines.

In this descriptive article, five tensions between the promises 
and perils of integrating AI into anatomy education are explored that 
warrant careful consideration by those working in the field. Central 
to these tensions is the need to prepare future healthcare profes-
sionals for the uncertainties of clinical practice given the strong 
link between uncertainty tolerance (the ability to appropriately 
manage ambiguity, complexity and unknowns [Hillen et al., 2017]), 
and key clinical competencies such as effective use of healthcare 
resources, patient- centered care, and supporting underserved pa-
tients (Geller et al., 1993; Forrest et al., 2006; Wayne et al., 2011; 
Strout et al., 2018). Considering that those who are less tolerant of 
uncertainty are more likely to over- order tests and refer patients 
inappropriately (Geller et al., 1993; Forrest et al., 2006; Strout 
et al., 2018), more likely to engage in paternalistic approaches to pa-
tient care (Geller et al., 1993), less likely to have positive attitudes to 
patient populations who have been marginalized in society (Wayne 
et al., 2011), and more likely to suffer psychological distress and 
burnout (Hancock & Mattick, 2020), the need to prepare health-
care students for appropriately managing this uncertainty implicit 
in healthcare practice seems clear. Given that previous research 
identified that the anatomy learning environment is a robust context 
for fostering learner uncertainty tolerance (Stephens et al., 2021), 
understanding the unintended impacts of integrating AI into this 
context, particularly in relation to students' uncertainty tolerance 

development, is of great value, timely, and relevant. By raising aware-
ness of the tensions between the opportunities and shortcomings of 
AI and the uncertainties of anatomy education, this article contrib-
utes to a better understanding of what is at stake for the anatomy 
education community when developing clinical anatomy curricula.

Many in the anatomy community acknowledge that anat-
omy education is brimming with uncertainty (Evans et al., 2018; 
Stephens et al., 2021). Clinical anatomy educators are embracing 
uncertainties relating to issues such as individual variation and 
 diversity of the human form (Willan & Humpherson, 1999; Wheble 
& Channon, 2021; Cullinane & Barry, 2022), the ambiguities of dis-
section (e.g., differences between textbook anatomy and that found 
through dissection) (Stephens et al., 2021), and the sheer breadth 
of content required for effective healthcare practice (Swick, 2000). 
It is also recognized that clinical knowledge is not based solely on 
objective facts and procedural decision- making, but also on the de-
velopment of nuanced judgment and the capacity to deal with am-
biguous (e.g., borderline diagnostic results) and complex information 
(e.g., treatment plans for patients with comorbidities)— all hallmarks 
of clinical uncertainty.

Artificial intelligence introduces a different set of assumptions 
relating to the nature of knowledge, autonomy, and computability 
which serves to effectively minimize “uncertainties”. While other 
teaching tools such as anatomical models or pictures also reduce 
uncertainty, educators may be more comfortable discussing their 
inaccuracies and limitations than they are with AI- generated im-
ages due to the often misplaced trust in the “accuracy” of AI out-
puts (Zawacki- Richter et al., 2019), further discussed in the section 
on tension #4. Furthermore, the ability for AI to be rapidly adapted 
and adopted into anatomy classrooms could make it more influen-
tial than these other, less technological, anatomy teaching tools. 
To prepare students for working alongside AI in contemporary and 
future healthcare settings, differences between the implicit uncer-
tainties of clinical anatomy and healthcare practice and that which 
is computationally tractable need to be considered by anatomy ed-
ucators when deploying and/or developing AI tools in their teaching 
practices.

By exploring relevant literature both within anatomy education, 
and across the broader context of higher education and healthcare 
practice, this article seeks to provide an overview of the tensions in-
nate in the human condition (and related uncertainties), and the fea-
tures of AI which challenge these sources of uncertainty (Table 1).

Tension #1: Artificial intelligence education and the 
uncertainties of anatomical structure

Despite popular media attention (Coffey, 2022), the number of en-
tirely novel gross anatomical structures identified in recent years 
is limited. Anatomy research is ongoing, but these investigations 
tend to focus on the changeable clinical applications of anatomy. As 
clinical anatomy research reveals more nuanced attachment sites 
and innervations, the healthcare application of anatomy changes. 
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For example, the occipital triangle may have been viewed as “non- 
core” knowledge in prior decades, but now these anatomical rela-
tionships are a key site for migraine treatments (Tagil et al., 2005; 
Schwedt, 2014). Similarly, there is a need for updated anatomical 
attachments impacting surgical repair or revising structural innerva-
tion. This, alongside aforementioned human variations, is why clini-
cal anatomy case- based learning is full of “gray areas”, ambiguities, 
and uncertainty. Thus, AIEd must be developed which balances the 
more stable foundational anatomy principles with the changeable 
nature of clinical applications of anatomy, along the uncertainties 
and variations related to the human form.

The focus of AIEd in the clinical anatomy classroom, therefore, 
may be most suited to supporting students' learning of generalized 
structures and innervation (i.e., “Googleable” anatomy). Artificial in-
telligence excels in areas such as pattern recognition, object match-
ing, and image identification (Bundy, 2017). Thus, AIEd is likely to 
benefit novice and/or struggling students insofar as it provides in-
dividually targeted and immediate feedback (Bulger, 2016) as they 
learn to identify foundational anatomical structures, relationships, 
function, and innervation. Additionally, AIEd could help the gen-
eral student population with outside of class preparation (i.e., “pre- 
learning” or review) of similar core knowledge and terminology.

That said, even when considering basic practices of recogni-
tion, identification, and diagnosis, there is a need to deliberately 
design uncertainty into the AI- driven representations, diagnostics, 
and feedback that healthcare students and educators work with. 

Students often struggle with managing the differences between 
textbook and digital abstractions of anatomy and the anatomy ex-
plored through human donor dissection (Stephens et al., 2021). As 
such, there is a danger that overly prescriptive AI diagnostics may 
further hinder students' uncertainty tolerance, giving them a flat-
tened sense of the ambiguities and uncertainties intrinsic in human 
anatomy. Anatomical education has progressed over the past 
20 years to better reflect the clinical relevance of human anatomical 
variation (Willan & Humpherson, 1999; Wheble & Channon, 2021; 
Cullinane & Barry, 2022), and is now calling into question historical 
and contemporary anatomical representations that fail to consider 
differences based on race, skin tone, sex, gender, body type, and age 
(Liscum & Garcia, 2022; Easterling & Byram, 2022; Finn et al., 2022; 
Smith, 2022). Artificial intelligence- infused anatomical education 
does not currently support this diversity of the human form robustly.

It is therefore important that AI- driven teaching tools follow the 
recent trend of designing anatomy education curricula which chal-
lenges students to see the human form as individually variable, and 
the clinical applications of anatomy as complex. Outside of anatomy, 
developers are working toward designing “generative uncertainty” 
into AI learning systems. Here, the AI system (and student) can 
reach a point of “not knowing”, signaling limits of knowledge and 
unknowns within a given context. For example, “intelligent tuto-
rial systems” are being designed with two (rather than one) peda-
gogical agents that sometimes disagree with one another (Nguyen 
et al., 2021). Students interacting with such systems are thereby 

TA B L E  1  A summary of tensions between artificial intelligence (AI) features and the risks to consider when integrating AI into anatomy 
education

Tension between AI and 
uncertainties related to: AI feature (Promise) Anatomy education risks (Peril)

1. Anatomical structure Excels at structure and pattern 
recognition

• Potentially decreased awareness of the diversity and variability 
in human form, creating a false conceptualization of “normal”

• Could generate a view that anatomy knowledge is finite and 
stable

2. Healthcare practice Relies on categorization and 
computational assumptions

• Could decrease opportunities for students to practice 
professional skills and nontechnical disciplinary independent 
skills

• May perpetuate a belief that all patients can be categorized, and 
that patient care can be measured and calculated

• Potentially additive to the false sense of “normal”, leading to 
pathologizing those that do not fit the algorithm

3. Diversity, Inclusion and Social 
Justice

Reliance on high- volume and high- 
quality data

• Likely to reinforce, or introduce, bias and discrimination
• Material delivered may deviate from educator intentions

4. Student Support Excels at high- throughput tasks and 
analyzing large datasets

• Educator taken out of the loop for important learner- related 
decisions

• Lack of personalized, nuanced and developmental student 
advice

• Difficult for educators to acknowledge when AIEd is wrong/
inaccurate

5. Student Learning Engagement Relies on prescribed variables to 
generate recommendations

• Inaccurate representations of student engagement can 
increased

• Students can learn to “game the system”
• Privilege given to neuro- typical and able- bodied students
• Challenges to data privacy

Abbreviations: AI, artificial intelligence; AIEd, artificial intelligence- infused anatomical education.
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forced to think about how to manage this uncertainty stimulated by 
this conflict. This can prompt student's reflection, questioning, and 
more complex sense- making in a way that supports previously iden-
tified methods for developing uncertainty tolerance in the anatomy 
learning environment (Lazarus, 2021; Moffett et al., 2021; Stephens 
et al., 2021; Lazarus et al., 2023).

Tension #2: Artificial intelligence education and the 
uncertainties of healthcare practice

Uncertainties permeate most aspects of medicine, including in the 
contexts of differential diagnosis, treatment recommendations, di-
agnostic interpretation, and prognosis (Hillen et al., 2017; Strout 
et al., 2018). Integrating opportunities for learners to practice 
and develop their uncertainty tolerance in anatomical education 
is one way of preparing students for this healthcare competency 
(Domen, 2016; Papanagnou et al., 2021). Anatomy education is also 
valuable for fostering learners' professional virtues, “people skills”, 
and ethical reasoning. These “broader” elements of healthcare prac-
tice are addressed in anatomy education by ongoing engagement 
with ethical issues about death and dying (Alt- Epping et al., 2014), 
negotiating socio- cultural sensitivities around the body (Zhang 
et al., 2008; Mustafa et al., 2013, Habicht et al., 2018), understand-
ing the gendered and racialized politics related to anatomy educa-
tion knowledge and practice over the past 100 years (Easterling & 
Byram, 2022; Finn et al., 2022; Liscum & Garcia, 2022; Smith, 2022), 
and practices fostering professional identity development (Shiozawa 
et al., 2020, Abrams et al., 2021). These represent areas of anatomy 
education curriculum to which AI is not well- suited due to limitations 
in the capacity of AI to replicate the complexities of human intelli-
gence, especially in relation to conceptual abstraction and analogy- 
making (the basis of commonsense) (Mitchell, 2021) as well as the 
need for human moral understanding and agency to be fostered 
through practice in the contexts in which they will be need to be 
applied (Cave et al., 2019; Wallach & Vallor, 2020). An over- reliance 
on AI for anatomy teaching may result in the loss of opportunities to 
develop these critical skills. As Hilary Mason, corporate chief data 
scientist and founder of the machine intelligence research organiza-
tion Fast Forward Labs, reminds us, “AI is not inscrutable magic –  it 
is math and data and computer programming, made by regular hu-
mans” (Selwyn, 2021). The mismatch between the skill development 
and AIEd capacity is often due to what Schiff et al. (2021) refer to as 
a disciplinary divide between the engineers and computer scientists 
designing and developing AI tools, and the population making up the 
tools' end users (e.g., future healthcare professionals and anatomy 
educators).

Artificial intelligence developers require precision and definitive 
categorization, and operate under the pragmatic expectation that AI 
technologies function in social settings (such as the anatomy class-
room) in ways that are broadly quantifiable, calculable, and capable 
of operating effectively given the correct inputs (Selwyn & Gallo 
Cordoba, 2021). As Schiff and colleagues point out, the developers 

of AI tools all too often “fail to consider how an AI system will be 
implemented in different social contexts, influence human behavior 
in those contexts, or lead to long- term ripple effects, all of which 
can threaten the assumptions on which the AI system is built” (Schiff 
et al., 2021, p. 84). While some may argue that these “non- technical 
disciplinary independent skills” can be (and are) taught elsewhere in 
healthcare courses, what anatomy educators choose to include/ex-
clude in their teaching sends a message. If AI becomes the predomi-
nant mode of anatomy education, what will students learn about the 
importance of these psychosocial skills and professional attributes 
in relation to the human from and the anatomy of their future pa-
tients? This concern is compounded by the fact that AI development 
is influenced by considerations that are predominately external to 
both anatomy education and healthcare practice, and undertaken by 
those far less familiar with how, and to what extent, these psychoso-
cial skills and professional attributes impact on anatomy education 
and patient care.

By favoring the clear categorizations and computational as-
sumptions implicit in AI teaching technologies at the expense of 
complex social frameworks of ‘real life’ clinical education contexts, 
anatomy educators may send students the message that their future 
patients will fit into “neat” boxes, whereas many aspects of clinical 
practice cannot be neatly measured, categorized and/or modeled. 
The broader concern here is that the uncritical integration of AI into 
anatomy teaching may influence students' perceptions and treat-
ment of diverse patients when they become clinicians, which could 
lead to unequal healthcare provision. For instance, the failure to 
represent the spectrum of labial diversity is resulting in pathologiz-
ing external genitalia and perpetuating unnecessary labial surgeries 
(Hayes & Temple- Smith, 2021), while the failure to represent diverse 
skin tones results in “othering” and pathologizing those with darker 
skin (Louie & Wilkes, 2018).

Tension #3: Artificial intelligence education and the 
uncertainties of diversity, inclusion, and social justice

There is increasing awareness of, and attention to, the potential for 
AI to reinforce, hide, or accelerate racism and other forms of discrim-
ination across multiple spheres of life (Benjamin, 2019). Artificial in-
telligence systems such as facial recognition tools often use machine 
learning algorithms that are trained with labeled data to discriminate 
human features based on categories such as race, including in health-
care settings (Ledford, 2019; Obermeyer et al., 2019). The process 
of training AI tools on a corpus of actual clinical cases and decisions 
(e.g., in the form of electronic medical records) runs the risk of per-
petuating and even exacerbating the social biases and discrimination 
already present in current healthcare practice (AHRQ, 2018; Egede 
& Walker, 2020).

The accuracy of AI tools depends on high- volume and high- quality 
data, therefore, biases may be newly created or reinforced depending 
on the representativeness of the data these tools are trained upon. 
For example, there is increasing interest in using AI in the diagnosis of 
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skin lesions from clinical and dermoscopic images (Young et al., 2020). 
However, if the development of AI tools relies mostly on images of 
melanomas on fair- skinned people, which also occurs in mainstream 
medical textbooks (Louie & Wilkes, 2018; Massie, 2021), they will 
likely fail to adequately detect melanoma on images of lesions in 
darker- skinned people (Adamson & Smith, 2018). According to Young 
and colleagues, existing AI models are trained on mainly European or 
East Asian populations, hence the adoption of such models in AIEd 
has the potential to train students to poorly identify melanomas in 
dark- skinned people, reinforcing the bias that result from the lack of 
diversity in anatomy textbooks (Young et al., 2020).

Another issue of concern relates to the current anatomy ed-
ucators' adoption of “chatbots”. Here, too, chatbots trained on a 
corpus of online interactions (e.g., from Reddit) tend to be unre-
liable conveyors of information, which can result in undesirable 
or unintended lines of communication. This was illustrated in 
Microsoft's “Tay” chatbot which quickly learned to mimic racist 
and lewd social media conversations, or the Christmas 2021 story 
of the “Alexa” virtual assistant challenging a 10- year- old child to 
put a coin into contact with a power socket (Yang, 2011). Given 
the current enthusiasm for integrating AI chatbots into anatomy 
education (Marsh, 2018; Li et al., 2021; Saghiri et al., 2022), the 
field should be aware of these incursions and integrate these tools 
with caution.

Moreover, the tone of the AI “voice”, and how the AI is referred 
to in class, may perpetuate bias about gender roles in anatomy ed-
ucation. Typical “assistant” AI is designed to sound like a “pleasant, 
compliant, agreeable white woman” (Strengers & Kennedy, 2020). 
As anatomy education works to support diversity through initiatives 
like “Black in anatomy” and “I am an anatomist” campaigns (via the 
American Association for Anatomy), questioning such implicit AI bi-
ases is increasingly important, as AI can perpetuate bias in both the 
content delivered as well as in the delivery method.

Tension #4: Artificial intelligence education and the 
uncertainties of student support

Integrating AI into anatomy education to support and evaluate 
learners is tempting given the large and sustained teaching load of 
anatomy educators globally, from the United States (Heylings, 2002; 
Drake et al., 2009; McBride & Drake, 2018), to Australia and New 
Zealand (Craig et al., 2010; Trautman et al., 2019) and China (Pan 
et al., 2020). Before doing so, educators need to first scrutinize what 
is being lost.

In particular, much of the ‘drudge’ work and low- level tasks that 
AI systems promise to relieve educators of are quite complex and 
pedagogically significant moments. Despite promises of student- 
centered and targeted learning strategies, delegating some aspects 
of anatomy teaching to AIEd diminishes educator– student interac-
tions (Pasquale, 2020; Selwyn & Gallo Cordoba, 2021). For example, 
recommending which piece of work to tackle next or assessing learn-
ers' written work requires holistic awareness of both the student and 

the disciplinary content being taught. Sometimes hidden within these 
tasks, such as responding to students' routine questions or identify-
ing absent students, is a prompt for more extended student– teacher 
interactions. Thus, relying on AI for these aspects of anatomy educa-
tion will require human deliberation to determine whether the data 
collected by the AI warrants further action. In this way, educators en-
gaging AIEd need to learn when AI reports can be adopted directly, 
and when to temper AI recommendations due to data sources the 
technology is not programmed to manage.

A balance is thus required between AIEd and educator- led teach-
ing, with the latter “steering the ship”. Practically, this could mean 
asking students to continue posing questions to their human educa-
tors while also encouraging students to engage with AI- generated 
frequently asked questions. Another strategy is to employ more 
pedagogically generative chatbots programmed with “faults”, 
such as those discussed by researchers in the United Kingdom 
(Bayne, 2015). Here, students realized that the technology was not 
going to give them “the answer”, which led to students becoming 
more comfortable “playing around” with knowledge such as asking 
obtuse questions, or asking “dumb questions” they were not confi-
dent asking their human teachers (Bayne, 2015).

Importantly, expert human educators have a range of qualities 
that AIEd does not. Educators can draw on their own learning jour-
neys in helping students successfully navigate their way through cur-
ricular difficulties and/or help them appreciate that these challenges 
can be overcome (i.e., intellectual candor [Molloy & Bearman, 2019]). 
Moreover, human teachers are uniquely placed to sense what other 
humans are experiencing at any moment and respond accordingly, 
whereas AI tools are notoriously “brittle” (i.e., easily confounded by 
unexpected inputs) due to their inability to reason by analogy (Selwyn 
& Gallo Cordoba, 2021) which can generate “nonsense” responses to 
“unusual” queries. Human teachers can also make social connections 
with students, improvise when needed and use their interpersonal 
skills to motivate, cajole, and enthuse. Education requires acts of cre-
ativity, innovation, and spontaneity (Selwyn & Gallo Cordoba, 2021). 
Teaching also demands a tolerance of imprecision, messiness, and not 
knowing, all qualities that AI is unable to replicate (Saltman, 2020; 
Gallagher & Breines, 2021; Selwyn & Gallo Cordoba, 2021). As such, 
an expert human teacher is able to support learning in ways that can-
not currently be fully replicated through technology.

The standard response to these concerns is that AIEd will simply 
support human experts by assisting anatomy educators in “making 
better decisions”, although it is a brave and/or self- assured teacher 
that goes against this very expensive “advice” too regularly. The dan-
ger is that these automated decisions are simply taken at face- value by 
anatomy education stakeholders and that humans are steadily taken 
“out of the loop” in the process of making these AI- driven decisions. 
This is, in part, because AI is increasingly trusted in its decision- making 
and recommendations (Zawacki- Richter et al., 2019). This is sup-
ported by the well- documented concern with automation bias, which 
is the tendency for human agents to rely on automated cues to the 
point of failing to notice anomalies undetected by the automated sys-
tem, or by ignoring contradictory information (Mosier & Skitka, 2018). 
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Automation bias is reported in a range of domains, including health-
care, where the use of clinical decision- support systems leads to 
clinicians failing to notice problems (unless alerted to them), as well 
as complying with incorrect recommendations (Lyell et al., 2017). 
Moreover, there is also a risk that these systems will be used with 
lower- paid teaching assistants who may not have the pedagogical 
content knowledge (Shulman, 1987) to interrogate the AI- led analy-
sis. Integrating AIEd without considering these limitations may also 
lead to a de- professionalization of the anatomical educator. There is a 
fine line between being supported by a computer and being directed by 
a computer. When a teacher is simply following “what the computer 
says” it could be argued that the human is not really teaching.

Tension #5: Artificial intelligence education and the 
uncertainties of student learning engagement

Within AIEd contexts, analyzing and reporting on student learning 
engagement will be very tempting for medical school administra-
tors and managers to introduce; it should nonetheless be resisted. 
Artificial intelligence systems that claim to analyze student learning 
vastly reduce the act of studying (let alone learning) to a very limited 
set of variables. Effective study strategies often rely on learning ap-
proaches that do not directly engage technology (i.e., occur  'offline'), 
such as group study (Petress, 2004; Pollock et al., 2011; Van Wyk & 
Haffejee, 2017), the physical copying of notes with pen and paper 
(Mueller & Oppenheimer, 2014), and reviewing prior printed or writ-
ten notes (Putnam et al., 2016). These offline learning strategies 
within anatomy education could include in- person examination of 
multiple body donors to appreciate the typical variation present in 
the human form (Stephens et al., 2021), particularly in regions and 
locations where recordings or digital streaming of human tissue 
is prohibited such as is the case in the state of Victoria, Australia 
(HTA, 1982). This reliance on limited variables for making decisions 
about student learning may generate an inequitable learning envi-
ronment for diverse student populations. Examples directly from the 
literature (Selwyn, 2019, 2020) are outlined below:

• Key- strokes, clicks, and “time- on- screen” are all poor proxies for 
engagement with course content. Not only are there offline strate-
gies which are effective for supporting learning (above), but online 
learner engagement may actually occur outside learning man-
agement systems (LMS) (e.g., via social media) (Crawford, 2021). 
Furthermore, some students may “game the system” by engaging 
in a “click frenzy” on the LMS to falsely represent engagement, or 
may outsource LMS engagement to paid service providers.

• Eye- tracking is a poor proxy for engagement and concentration, 
and disadvantages neuro- divergent students insofar as their eye 
movements diverge from what is considered “normal”.

• Automated essay grading is based on text pattern matching, and 
so is not capable of discerning meaning and nuance in written ex-
pression which disadvantages students who use nonconventional 
phrasing and vocabulary.

• It is not possible to accurately “detect” emotion or intent through 
facial analysis software. Existing software relies on questionable 
assumptions and correlations (akin to phrenology) for making 
such judgments.

• Facial recognition remains challenging due to AI's reliance on lim-
ited, observable visual cues. Moreover, facial analysis systems 
continue to not register and/or mis- recognize faces that diverge 
from those of white males, most notoriously those with darker 
skin tones (Andrejevic & Selwyn, 2020).

Monitoring student engagement also generates concerns of 
“surveillance pedagogy”, with student data collected on a continu-
ous basis by learning management systems (LMS) as well as other 
educational technologies. When students are aware of AI surveil-
lance, it can impact when/how they engage with the learning ac-
tivities (Selwyn, 2019, 2020). Students can be motivated to only 
submit answers once they are “perfect”. Therefore, students may 
work “offline” in the processing of activities (where much of the 
learning is likely occurring) potentially leading to only perfected an-
swers later posted to the LMS. This can then result in supporting in-
appropriate learner standardizations, where students could begin to 
internalize that the expectation is submission of perfected answers. 
Additionally, this could lead to incorrect AI reporting. For example, if 
the AI perceives that students “always answer with the ideal answer” 
(due to “perfection” occurring outside of the AI platform), the AI will 
likely determine that no additional learning support is required.

If the learner is unaware of being surveilled, questions about eth-
ical standards arise. For example, a recent report by Human Rights 
Watch (2022) reviewed 164 EdTech products deployed across 49 
countries, finding that 89% of them had monitored or had the capac-
ity to monitor students and harvest their personal data without con-
sent, as well as tracking students across the internet and over time. 
These data were shared with advertising technology companies to 
target students with behavioral advertising. This type of AI surveil-
lance can impact negatively on the trust necessary for effective ed-
ucational environments (Gubbins & MacCurtain, 2008), and can also 
hinder the type of transformative learning that typically occurs in 
un- assessed components of curriculum. This means that continually 
collected background data can indirectly result in identifying lauded 
or criticized learner behaviors that may not represent the realities of 
effective education.

DISCUSSION

The discussed tensions in this article all point to the need for ana-
tomical education to approach AIEd in a circumspect and considered 
manner. Artificial intelligence tools have value in a number of areas of 
anatomical education— especially where they can replicate the diagnos-
tic and identification functions that AI plays in contemporary clinical 
practice, and also where they genuinely free educators up from non- 
pedagogical tasks in ways that do not diminish social contact with 
students. However, in the past 20 years there is growing recognition 
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that anatomical education cannot ignore the human capacity for com-
plex thought, ethical and moral decisions, the ability to manage uncer-
tainty and novelty (e.g., uncertainty tolerance), and transparency— all 
attributes that existing AI cannot replicate (Stewart et al., 2018; He 
et al., 2019).

The drive to develop curricula which are socially just, free of bias 
and inclusive makes it imperative that anatomy educators appreci-
ate, and address, the AIEd implications before engaging in wholesale 
integration of AI into anatomy education. Anatomy educators must 
both (1) understand how AI will be used in future workplaces (e.g., 
healthcare systems) to prepare students for their role alongside this 
technology, and (2) strive to integrate the technology into educa-
tional contexts in a manner that supports the discipline's efforts in 
diversity, inclusivity, ethical practice, and preparedness for practice.

The authors argue for a considered approach to exploring how 
AIEd technologies are designed, developed, and deployed in education 
settings. To this end, drawing upon lessons from anatomy education 
and beyond, the following recommendations are offered (Figure 1).

Increase transparency about the extent that artificial 
intelligence is integrated into anatomy education

How AI is engaged in anatomical teaching can model how students 
will interact with AI as professionals. Thus, a first step toward teach-
ing for an AI- embedded healthcare environment is to openly address 
the limitations of existing AI (e.g., limitations with student monitoring, 
support, and embedded biases). This can be informed by uncertainty 
tolerance teaching practices such as developing anatomy chatbots that 
are fallible or which convey unknowns in the field. Anatomy educa-
tion, through increased transparency and discussions about AI frail-
ties, can help students challenge the presumption that the technology 
is “always right”— a necessary competency for an AI- laden healthcare 
future. Furthermore, transparency about the extent to which AI is 
monitoring students, and how these data are being used, needs to be 
front and center in contemporary anatomy education to support ethi-
cal teaching practices in the field. One approach to achieving this is for 
anatomy educators to work alongside students in deciding which learn-
ing data are used, and for what purpose, to enhance learners' agency 
and awareness of the practicalities of AI within anatomy education.

Involve diverse developers in the design of anatomical 
artificial intelligence education

In considering the many possible biases in AI development, the au-
thors recommend that the anatomical education community (edu-
cators and students), patient population community members, and 
traditionally marginalized groups co- design AIEd tools for anatomy. 

Effective education requires pedagogical content knowledge, which 
represents teaching proficiency and course content knowledge ex-
pertise (Shulman, 1987). Anatomy educators are, thus, well- placed 
to support AI development that is fit- for- purpose, and are strongly 
encouraged to engage with this process. Community members, in-
cluding marginalized groups, are impacted by how future healthcare 
providers perceive patient anatomy and can provide further insight 
into considered AI development. Prior co- designing initiatives have 
proven both valuable and successful for all participants in relation to 
both the process and the resulting learning outcomes (de Carvalho 
Filho et al., 2021).

Ensure that uncertainty and diversity is integrated 
into anatomy artificial intelligence education

Teaching human variation and the complexities around clinical ap-
plications of anatomy remain paramount for preparing students for 
their future healthcare practice and related diverse patient popula-
tion. Thus, one of the aims of AI anatomy education development 
should be to convey and acknowledge uncertainties (i.e., reaching 
a limit of knowledge) and represent anatomical diversity (i.e., multi-
ple ages, body types, and skin tones, for example) to help students 
recognize the uncertainties, variabilities, and ambiguities of the 
human form. The anatomy discipline is actively engaging in interro-
gating and challenging the historically patriarchal and racially biased 
foundations of anatomy and anatomy education (Finn et al., 2022). 
Integrating AI without also engaging in discourse about how it per-
petuates these historical biases undermines the important work 
being done. As Chelsea Barabas, a MIT researcher examining the 
deployment of algorithmic decision- making in United States criminal 
justice systems, argues, the “AI community suffers from not seeing 
how its work fits into a long history of science being used to legiti-
mize violence against marginalized people, and to stratify and sepa-
rate people” (Van Noorden, 2020).

Improve anatomy educator awareness of how to work 
alongside artificial intelligence

Training and support for anatomy educators about how to interpret 
AI student monitoring and when to rely on the humanness of educa-
tion over the data- driven recommendations of AI is urgently needed. 
Encouraging human educators to “lead” the teaching, with AIEd in 
a supportive role, will help generate an effective balance of the ef-
ficiencies of AI and the uncertainties of the very human clinical anat-
omy context. Providing professional development opportunities, 
where educators can learn more about AI and potentially contribute 
to its development, is one way to address this.

F I G U R E  1  Recommendations for integrating artificial intelligence (AI) into anatomy education infographic. This infographic highlights 
potential solutions for enhancing the effectiveness of artificial intelligence- infused anatomy education (AIEd).
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Purposefully embed artificial intelligence- free 
time and space in the anatomy curriculum

Continuous AI monitoring of students can result, indirectly, with stu-
dents fearful and/or hesitant to “make mistakes” or “play” around— 
both necessary for long- term and effective learning. To counteract 
the increasing AIEd surveillance, anatomy educators are encouraged 
to develop activities that are “offline” or completely unmonitored 
by technology to help students feel confident and comfortable 
with exploring knowledge. These activities could include exploring 
human donor anatomy within the dissection laboratory to enhance 
appreciation of the normal variation of the human form (Stephens 
et al., 2021).

Seek to incorporate artificial intelligence which 
extends capacity of human anatomy educators

A key tenet of this work is that AI is best used to extend human 
capabilities in anatomy education (e.g., through collaborative tech-
nologies like Zoom© which extend capacity of human interaction 
within the anatomy “classroom”) as opposed to being designed to 
supplant human work (i.e., wholesale virtual dissection). Another 
example could be focusing AIEd development on challenging spa-
tial areas such as the middle ear or the pterygopalatine fossa— areas 
where human educators often struggle representing themselves. In 
this way, human actions, interactions, and awareness should remain 
the central focus of the anatomy experience and AIEd is best placed 
in roles that enhance the humanness of this rich communicative 
environment.

An important consideration across each solution is increasing 
awareness and professional development opportunities for those 
teaching alongside AIEd. Similar to healthcare workers, higher ed-
ucators will need to learn to become familiar with, and have oppor-
tunities to develop, the AI being used in their teaching. A report 
in 2019 explored different healthcare education programs which 
helped participant's awareness and knowledge of AI (Paranjape 
et al., 2019). These programs provided opportunities to work with 
AI developers or solve problems using AI. Another recent publi-
cation describes an alternate example wherein AI curriculum was 
built around a series of lectures designed to help radiology resi-
dents gain insight and understanding of AI algorithms (Lindqwister 
et al., 2021). This study revealed participant's had an increased 
confidence in interpreting and working alongside AI in the work-
place after partaking in these professional development opportu-
nities. Similar approaches could be deployed (and arguably should) 
within higher education contexts. Educational AI platform compa-
nies could work together with universities to educate staff on the 
development and algorithms upon which the AI is built, as is done 
at the University of Florida with radiology residents (Paranjape 
et al., 2019). This, in turn, may help build educators confidence and 
capacity for working alongside AIEd.

Limitation of the study

The field of AIEd is still in its infancy. Many of the tensions discussed 
in this article are translations and/or extrapolations of lessons 
learned from relevant higher education and healthcare literature. 
Thus, it remains to be seen the extent by which these tensions pre-
dict the future impacts of AI in the field of clinical anatomy educa-
tion. This article also focused exclusively on existing AI, and so did 
not explore the potential promise and perils posed by the prospect 
of artificial general intelligence. The authors encourage further pri-
mary studies exploring the impacts of AIEd in anatomy classrooms to 
gain a deeper understanding of the applicability and transferability 
of tensions raised. Furthermore, future work and research could in-
vestigate the potential for AIEd to reduce bias.

CONCLUSIONS

The innate variability and diversity of the human form is an increas-
ingly important, salient, and valued aspect of contemporary clinical 
anatomy education. The opportunities provided by AI in terms of 
scaling, speed, consistency, and precision are the result of the same 
factors that challenge anatomy educators' capacity to highlight and 
communicate this anatomic “uncertainty” to their healthcare students 
(i.e., strict categorization, formalized procedures, and a reliance on the 
representativeness of the data used to train AI models). The anatomy 
education community must, therefore, engage in a carefully consid-
ered approach to further advancements and integration of anatomy 
education technology. By being part of this solution, including  working 
with AI developers to purposefully integrate uncertainty into these 
AIEd tools and by engaging in professional development, the anatomy 
education community can help ensure that AIEd is purpose- built and 
that anatomy educators are armed with the knowledge about how 
to balance these described tensions. Central to these discussions is 
a frank and open discourse about which aspects of the anatomy edu-
cation learning environment are most amenable to being supported 
by AI without the loss of the hard- earned gains (e.g., integration of 
discipline independent skills) of the last two decades. This presents a 
paradigm shift away from wholesale, enthusiastic adoption of novel 
technologies into anatomy teaching, toward a collective effort by 
anatomy educators to closely inspect the hidden and unintended im-
pacts of AIEd on learning, and a call to action for anatomy educators 
to be part of the development of AIEd fit- for- purpose.
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