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Machine learning and artificial intelligence (AI)-driven technologies are contributing significantly to various
facets of medicine and care management. It is likely that the next generation of healthcare professionals will be
confronted with a series of innovations that are powered by AI, and they may not have sufficient time during
their professional tenure to learn about the underlying machine learning frameworks that are driving these
systems. Educating the aspiring clinicians and care providers with the right foundational courses in machine
learning as part of postsecondary education will likely transform them as high-tech physicians and care providers
of the future.

1. Introduction
The long path to becoming a physician in countries such as the
United States begins at least as early as undergraduate/postsecondary
education or even in high school. Most medical schools recommend an
educational pathway (known as pre-medicine or pre-med) that includes
completion of courses focused on the scientific fields of biology, physics,
chemistry, organic chemistry, neuroscience, and behavioral sciences
along with courses in humanities. As such, pre-medicine is not neces
sarily a major in most degree-granting institutions. Rather, it is an
educational track that undergraduate students pursue prior to matricu
lation to a medical school. It also involves educational and professional
development activities such as volunteer work preferably related to
patient care, as well as clinical and research experience, followed by the
application to medical schools. A student on a pre-med track may choose
an undergraduate major in any field if certain required courses are
completed. The pre-med courses are necessary to prepare for the Med
ical College Admission Test (MCAT) and satisfy most medical school
prerequisites that are recommended by the Association of American
Medical Colleges (AAMC). Similarly, educational institutes in other
countries may have their own set of requirements for postsecondary
education and meeting them would position the trainee to pursue a
medical degree. While these established pathways are been followed
faithfully for several years by accredited universities worldwide, the
technological advancements, recently due to the rapid progress in arti
ficial intelligence (AI) are disrupting the practice of medicine and the
delivery of healthcare. Indeed, in a 2018 report [1], the World Health

Organization noted that digital technologies and AI will be vital tools in
achieving their global strategic targets – 1 billion more people benefit
ting from universal health coverage, 1 billion more people better pro
tected from health emergencies, and 1 billion more people enjoying
better health and well-being. These initiatives along with several other
national and international efforts to modernize healthcare using AI
should serve as motivation to re-design the undergraduate curricula,
especially the pre-med pathway and enable the next generation of
physicians and other care providers to face the emerging data science
revolution.
2. Importance of machine learning education
In April 2018, the United States Food and Drug Administration (FDA)
approved the marketing of the first digital health device that used AI to
detect diabetic retinopathy (DR) in adults [2]. The software driven by an
AI algorithm can process digital images of the patient's retinas and
detect the probability of mild or more severe DR. The FDA evaluated
data from a study of retinal images obtained from 900 patients with
diabetes at 10 primary care sites. In the study, the AI algorithm correctly
identified the presence of more than mild DR 87.4% of the time and was
able to correctly identify those patients who did not have more than mild
DR 89.5% of the time. This software can now be installed within a pri
mary care setting to allow practitioners opportunistic screening of DR
during routine patient visits. Since this approval, several other AI-based
medical devices and algorithms have undergone regulatory clearance
[3], and many more of them are in the pipeline to get reviewed and
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potentially gain FDA approval. Evidently, the “end-users” of most of
these devices are physicians or other care providers. The question that
arises is whether to continue to expect physicians to be plain end-users
or if they should get educated on the machine learning algorithms that
could potentially facilitate diagnostic decision-making in clinical prac
tice. If the care providers are not necessarily well-versed with computing
and data sciences, then there is a high chance that these technologies
may lose their value.
Physicians and other care providers also have an important role to
play in protecting their patients and other stakeholders from pitfalls and
inappropriate application of machine learning technologies. It is
important to filter the true value of machine learning from the hype as
the care providers need to be aware of the inaccuracies of machine
learning, unethical use, and unwanted as well as costlier options for
managing patients. For example, a recent study showed that AI systems
for detecting COVID-19 using chest radiographs can learn spurious
shortcuts even when tested on external datasets, thus pushing forward
the need for stronger validation protocols and the use of interpretability
techniques for evaluating medical AI systems [4]. On the other hand,
studies have also revealed common pitfalls related to the development of
medical AI models [5], and potential issues with mandating model
explainability as a requirement for clinical deployment [6]. There are
ongoing debates on various other topics including model relevance and
validity, ethics and trust [7], privacy and security [8], as well as cost and
efficiency [9]. Evidence from all these studies should prompt the clinical
community to obtain a good understanding in machine learning [10],
which can then enable them to be comfortable with the growing use of
these technologies in healthcare.
It is worth noting that practitioners in many other fields are perhaps
using machine learning-based systems without being well-versed in the
underlying computing and machine learning fundamentals. Drawing a
parallel with what happens within these non-medical fields, it is un
surprising to expect that care providers routinely use medical imaging
equipment or other technologies without a thorough understanding of
its fundamentals (physical, electronic, etc.). Nevertheless, the risk of not
educating the end-users is that we may see less or inefficient user
adoption, resulting in limited or incorrect utilization and reduced ben
efits of AI in healthcare. As the AI technologies continue to progress, the
roles of care providers are likely to change as well. The advantage of
educating the care providers is that they can more appropriately utilize
the power of these technologies for patient care and management.
Clearly, the timing of when to provide this education matters. Recent
articles argued that medical schools need to begin training the next
generation of medical professionals by introducing machine learning
courses within their curriculum [11–17]. There are similar perspectives
to encourage machine learning education when physicians are going
through advanced clinical training and beyond [18–20]. It is important
to realize that change happens slowly, especially when medical schools
strive to follow Abraham Flexner's uniformly arduous and expensive brand
of medical education [21]. An alternative and potentially attractive
possibility is to teach machine learning principles and its applications to
undergraduate students as they prepare for medical school, at least in
those institutions that offer such programs.

reinforcing their value and significance. Most universities have already
begun to design new sets of interdisciplinary courses related to teaching
data science to undergraduate students that build on learning outcomes
[22]. Such modules or degree programs are likely to provide students
with exciting career paths that one could consider along with medical
school such as MD/PhD, MD/MBA, MD/MPH or MD/JD programs, with
specific emphasis on data science and machine learning. As such, ma
chine learning skills are in high demand and even trainees who may not
end up pursuing medical education are likely to benefit from these
courses, both in their careers and personal life. Second, most medical
school curricula are already cramped with several foundational and
systems-based courses within their first two years to accommodate core
clinical experiences in the third and fourth years. Moreover, assessment
in undergraduate medical education, which drives much of learning, is
largely focused on preparation for licensing exams. The tight schedule
and exam-driven focus leave limited scope for the medical education
offices to design a comprehensive course or a module that would allow
students to gain some understanding of machine learning and its ap
plications. These practical limitations can be overcome if the matricu
lant joins the medical school with at least a rudimentary knowledge on a
few topics related to machine learning.
4. Curricular recommendations
The pre-med curriculum in the accredited universities should
consider accommodating at least one foundational course on machine
learning and another one focused on the application of machine learning
in healthcare and medicine. As part of the foundational course, students
can gain preliminary knowledge on the capabilities and limitations of
the principal methodologies of data-driven, model-based prediction and
decision-making, including inferential statistics, data mining, and ma
chine learning. As part of their application-oriented course, students can
develop the skills necessary to assemble computational pipelines and
deliver reproducible data analysis of structured and unstructured
biomedical datasets. Students can also develop the ability to assess the
societal impacts of data-centered methods, including adherence to pol
icy, privacy, security, and ethical norms. It is imperative that students
acquire foundational knowledge in calculus, statistics, and computer
programming prior to embarking on the machine learning courses. The
spectrum of required exposure to machine learning is broad and can be
tailored based on the interests and skills of the trainees. While some
trainees will go on to become researchers that will develop AI systems
(requiring in-depth knowledge of data science), other will be consumers
of AI applications (requiring more general knowledge). For those that
wish to fully engage in developing AI systems, even these two courses
may not suffice and therefore pursuit of an undergraduate degree in
computer science, mathematics and engineering may be encouraged.
Graduates from the program will be ready to contribute to the art,
science, and engineering of the data-driven processes that are woven
into all aspects of society, economy, and public discourse. They will be
ready to pursue a healthcare career in which they contribute to the
synthesis of knowledge through methodical, generalizable, and scalable
extraction of insights from data, as well as to the design of new infor
mation systems and products that enable actionable use of those insights
toward discovery, clinical diagnosis, patient management and innova
tion in a wide range of medical applications.
We are still in the early stages of appreciating the full impact of data
science in medicine. Thus, adding machine learning courses to the long
list of AAMC-recommended or another organization-based pre-med
courses might sound impractical for universities to implement curricular
changes, and challenging for students to take all of them within the
stipulated time. The purpose of this article is therefore not to enforce
sweeping changes in the pre-med curriculum but suggest a simple
recommendation to increase flexibility on the course selection. For
example, all the required pre-med courses related to biology, chemistry,
humanities, organic chemistry, and physics can be made mandatory for

3. Pre-medical track provides an opportune window for
machine learning education
Introduction to machine learning as part of postsecondary education
for students on the pre-med track has several advantages. First, students
are in their early formative years, and hence they are likely to gain broad
insights related to principles of machine learning and their applications.
Since calculus and statistics courses are already mandatory in most
schools, students will have the opportunity to take additional courses on
these topics along with courses in computing and programming before
signing up for a machine learning course. As such, data science and
machine learning courses meld calculus and statistics into a closed loop,
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one semester, leaving another semester open to taking other courses. In
this framework, students will gain more breadth of knowledge based on
the existing pre-med courses along with courses related to machine
learning and its applications. The accredited universities that already
have or those that are currently planning to design undergraduate pro
grams focused on data science are well-placed to offer machine learning
courses that can be integrated within the pre-med track. Note that this
article mainly recommends pre-med curricular changes in the United
States and Canadian universities. Indeed, educational institutions in
Australia, Ireland, and South Korea provide a choice to obtain a premedical degree [23]. Therefore, educational systems within such
countries have an option to propose machine learning courses during
postsecondary education.
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5. Conclusion
There is growing evidence that AI frameworks driven by machine
learning algorithms have the potential to accelerate the workflow of
clinicians and other care providers. The future of utilizing AI to improve
healthcare is exciting and we are likely to witness more use cases that
address routine and challenging clinical applications. To fully realize the
promise and evaluate the pitfalls of AI, we need to consider how the next
generation of trainees who are aspiring to join the healthcare workforce
would need to understand the tenets of machine learning and its medical
applications. Medical schools as well as residency and fellowship pro
grams should continue to find ways to offer machine learning training
modules despite their overly tight schedules. A forward-thinking
initiative will be to offer introductory machine learning courses as
part of pre-medical education at accredited institutions. This article can
be viewed as a call to the community to pursue these recommendations.
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