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ABSTRACT

Background and objectives: Undergraduate courses that include evolutionary medicine (EM) are in-
creasingly available, but quantified data about such courses are lacking. In this article, we describe
relevant course offerings by institution and department type, in conjunction with information on the
backgrounds and experiences of associated instructors.

Methodology: We searched course catalogs from 196 American universities to find courses that include
EM, and sent a survey to 101 EM instructors to ask about their backgrounds and teaching experiences.
Results: Research-focused universities (R1) were much more likely to offer at least one course that
covers evolutionary applications to health and disease than universities that granted only bachelor’s or
master’s degrees. A survey course on EM was offered in 56% of 116 R1 universities, but only 2% of the
80 non-R1 universities we searched. Most EM instructors have backgrounds in anthropology or biology;
each instructor’s area of expertise provides clues as to how continued growth of EM may occur differ-
ently by discipline.

Conclusions and implications: Undergraduates are most likely to learn about EM in research-intensive
universities from an anthropological or biological perspective. Responses from anthropology and biol-
ogy instructors, including whom they share course materials with, highlight that courses may differ
depending on the discipline in which they are taught.

LAY SUMMARY Recognition of evolution’s relevance to understanding health and disease is growing,
but documentation of coverage in undergraduate education is lacking. This study explores where evo-
lutionary medicine (EM) content is taught across 196 undergraduate institutions and how 53 instructors
describe their experiences teaching EM.
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INTRODUCTION

Evolutionary medicine (EM) applies an evolutionary lens to med-
ically relevant topics to deepen our understanding of disease and
treatment strategies. The field’s great potential for improving
human health has led to growing calls to include the principles
of evolutionary biology in curricula for future health professionals
[1-4]. Medical schools have been slow to answer the call with
overcrowded curricula often cited as the reason [5, 6]. An alterna-
tive approach is to provide training in EM in undergraduate
courses that will likely be taken by future medical professionals.

The integration of EM into the undergraduate curriculum can
bolster the experiences of students in multiple ways. First, ex-
amples of human health and disease can improve undergraduate
engagement with evolution by highlighting examples that may be
personally relevant for many students [7], especially those inter-
ested in health careers. Second, EM examples can also be a way to
include the core concepts of evolution in medically relevant under-
graduate courses such as anatomy, biochemistry, physiology and
microbiology [8, 9].

However, little is known about the extent to which EM is being
taught at the undergraduate level, what types of institutions are
offering EM courses, or the backgrounds and experiences of EM
instructors. To date, the only published data on EM’s presence in
undergraduate education come from a previous survey that found
that about half of 32 collected syllabi from undergraduate evolu-
tion courses at large, public universities included some mention
of EM [10]. Still missing, however, are data on other types of
courses that include EM, the departments and universities that
offer these courses, and the backgrounds of instructors that teach
these courses. Collecting baseline knowledge about the current
state of EM education would establish an important foundation
for future educational initiatives. For example, pedagogical
resources for teaching EM will be most helpful if they are
developed while keeping in mind common struggles students
face while learning EM. The prior teaching experiences of EM in-
structors are particularly helpful for understanding these student
struggles. Instructor experiences are also an important indicator
of how the field has grown in the past and may continue to grow in
the future. For example, knowing how current instructors became
a part of the larger EM community or came to teach EM provides
important indicators of how the field may be growing, including
how this growth may differ by discipline.

Previous work in EM education has suggested learning goals
for medical students [1, 2] and premedical students [7], described
principles of EM [11, 12] or EM classes [13], and has provided
teaching examples for use in EM courses [9, 14]. A recent study
used a Delphi method encompassing four surveys and enlisting
the opinions of 56 international EM experts in an effort to identify
14 core principles of EM [Box 1] [15]. These core principles are
important for students to understand because they tie together
the vast amount of content that makes up EM. However, little is
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known about the extent to which instructors view these principles
as important to the learning goals of undergraduate courses, and
whether instructors from different backgrounds emphasize these
principles differentially in their courses. The influence of in-
structor background on content may be particularly strong in
EM courses relative to more established course subjects, such
as anatomy and physiology or evolution and ecology.

Research objectives

Ouir first research objective is to report where and in what capacity
EM is currently offered in undergraduate curriculum. In doing so,
we provide a baseline measure of EM’s presence in undergraduate
curricula that will enable tracking future growth. Our second re-
search objective is to describe the background and experiences of
instructors teaching EM courses, and how variations in instructor
background influence teaching.

METHODS

Course catalog search

Two researchers (DZG and KTM) independently searched online
course catalogs from an initial sample of 120 American
universities for courses that include EM content. The selected
catalogs of 40
Baccalaureate Colleges with Arts & Sciences Focus (BCASFs),
40 master’s granting institutions and 40 research-intensive (R1)
institutions, as identified by the Carnegie classification system
[16]. Because courses may focus on EM with different degrees
of specificity, course descriptions were used to identify courses
of three general categories: courses that were entirely devoted to
evolutionary applications to health and disease (Category 1),
courses that applied evolution to specific health-related topics,
such as the evolution of infectious disease (Category 2), and
courses that included evolutionary applications to health and dis-
ease as part of a more general curriculum (Category 3). Course
contents were only identifiable through course catalog descrip-
tions and course titles, thus these methods may underestimate
the number of courses that include EM content, particularly those
that might fit Category 3. The two researchers compared their
categorization of each relevant course and came to consensus

course came from a random subset

on any disagreements regarding classification. The search criteria
are included in the Supplementary Materials.

Instructor survey

We were interested in the perspectives of instructors teaching
courses entirely devoted to EM (Category 1). To increase the num-
ber of identified instructors teaching these types of courses, the
same two researchers (DZG and KTM) searched for Category 1
courses at 76 additional R1 institutions that were not previously
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” BOX 1. CORE PRINCIPLES OF EM

Types of Explanation: Both proximate (mechanistic) and ultimate (evolutionary) explanations are needed to provide a full
biological understanding of traits, including those that increase vulnerability to disease.

Evolutionary Processes: All evolutionary processes, including natural selection, genetic drift, mutation, migration and non-
random mating, are important for understanding traits and disease.

Reproductive Success: Natural selection maximizes reproductive success, sometimes at the expense of health and
longevity.

Sexual Selection: Sexual selection shapes traits that result in different health risks between sexes.

Constraints: Several constraints inhibit the capacity of natural selection to shape traits that are hypothetically optimal for
health.

Trade-offs: Evolutionary changes in one trait that improve fitness can be linked to changes in other traits that decrease
fitness.

LHT: Life history traits, such as age at first reproduction, reproductive lifespan and rate of senescence, are shaped by
evolution, and have implications for health and disease.

Levels of Selection: Vulnerabilities to disease can result when selection has opposing effects at different levels (e.g. genetic
elements, cells, organisms, kin and other levels).

Phylogeny: Tracing phylogenetic relationships for species, populations, traits or pathogens can provide insights into health
and disease.

Coevolution: Coevolution among species can influence health and disease (e.g. evolutionary arms races and mutualistic
relationships such as those seen in the microbiome).

Plasticity: Environmental factors can shift developmental trajectories in ways that influence health and the plasticity of
these trajectories can be the product of evolved adaptive mechanisms.

Defenses: Many signs and symptoms of disease (e.g. fever) are useful defenses, which can be pathological if dysregulated.
Mismatch: Disease risks can be altered for organisms living in environments that differ from those in which their
ancestors evolved.

Cultural Practices: Cultural practices can influence the evolution of humans and other species (including pathogens), in
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ways that can affect health and disease (e.g. antibiotic use, birth practices and diet).

randomly selected (there are 116 total R1 universities). R1
institutions were chosen because, as described below, they were sig-
nificantly more likely to offer courses surveying EM, and thus repre-
sented an efficient way to identify an initial list of EM instructors.
Instructor names and contact information were recorded whenever
this information was publicly available online.

The identified instructors were surveyed about their back-
grounds and experiences. The survey assessed: (i) the academic
and professional backgrounds of EM instructors; (ii) the in-
structors’ backgrounds with EM, including their involvement in
research and how they first learned about EM; (iii) the learning
goals of their courses, including the importance of EM core prin-
ciples; (iv) difficulties their students have experienced learning
EM; and (v) informal sharing networks of EM course materials.
To identify additional instructors of EM courses, we also asked
participants to list colleagues they know who teach EM courses.
We sent this same survey to instructors that were identified by
participants in this initial wave.

Seventy-nine instructors whose contact information was found
online were initially sent the survey. Respondents were asked to list

any colleagues who they knew were also teaching EM courses; re-
spondents from this first wave listed 22 additional faculty that had
not been previously identified. The survey was sent to these add-
itional faculty in a second wave, resulting in a total of 101 instructors
receiving the survey. Fifty-three instructors completed the survey for
a response rate of 52.5%.

Analyses

We were interested in whether the prevalence of EM courses dif-
fered by type of institution. We used Fisher’s exact test to examine
whether the proportion of schools that offered any EM courses
(Category 1, 2 or 3) differed between different university types (R1,
BCASF and master’s granting).

Analyses of the instructor survey focused on differences in how
EM was taught in biology versus anthropology departments. We
used Fisher's exact test to test whether the proportion of in-
structors who have ever been involved in EM research was the
same between anthropologists and biologists. We used Mann—
Whitney U tests with a Bonferroni correction for multiple
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comparisons to test whether anthropologists and biologists re-
ported the same level of importance for each of the 14 core
principles.

Network data were plotted using the statnet and Ggally pack-
ages in R [15, 17, 18]. We tested for a relationship between in-
structor degree centrality and the importance of the 14 core
principles as rated by each instructor using a Spearman’s correl-
ation test.

The local IRB review determined this research was exempt
(STUDY00007313).

RESULTS

Over half of R1 universities offer a full course devoted to
EM

At least one EM course of any type was available at 92.5% of
40% of BCASFs and 22.5%
granting universities (Table 1, Supplementary Table S1). R1
universities were significantly more likely to offer a course that
EM compared to BCASFs or master's granting
institutions.

R1 institutions, of master’s

teaches

EM is primarily taught in biology and anthropology
departments

Of the 181 identified EM courses across the 120 sampled
universities (Table 2), most (134/181) were offered by biology
or anthropology departments. A few were offered by a biomedical
department (e.g. veterinary medicine, pathology and epidemi-
ology), psychology, or by biomedical engineering departments.
Some were cross-listed between two departments, most fre-
quently between anthropology and biology departments.
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Anthropology and biology faculty differ in their experiences
with EM

Almost all EM instructors responding to the survey had academic
backgrounds, as defined by their highest earned degree: 21 in
anthropology, 24 in a biological field, six with medical degrees
and two with degrees in other fields.

Instructors were asked how they first learned about EM.
Common responses included taking a course as an undergradu-
ate or graduate student, learning about the field because of
developments in their own research, learning about EM directly
from another person, and reading books or articles on EM.
Anthropologists and biologists differed in the ways they learned
about EM (Table 3). Anthropology faculty more frequently cited
experiences as an undergraduate (7 out of 23 anthropologists
compared to 2 out of 21 biologists) or as a graduate student
(10 out of 23 anthropologists compared to 4 out of 21 biolo-
gists). However, biologists more commonly described their own
research leading to their introduction to EM (9 out of 21 biolo-
gists mentioned research) compared to anthropologists (3 out
of 23 anthropologists mentioned research). These are surprising
findings in light of the fact that EM courses are more frequently
offered through biology departments than anthropology depart-
ments (Table 2). This may reflect a generational difference in
the presence of EM in curriculum between biology and
anthropology.

Faculty were asked whether they are currently, have previously
been, or were never involved in EM research. More biologists than
anthropologists described research activities as responsible for
their initial exposure to EM, but fewer biologists than anthropolo-
gists reported current or previous involvement with EM research.
All four medical doctors and two instructors from other academic
backgrounds reported being currently involved in EM research
(Table 4).

” Table 1. Frequency of BCASFs, Master’s granting institutions and research-intensive institutions (R1)
with different types of courses that teach evolutionary applications to health and disease

Total Number of schools Number of ~ Number of schools Number of schools Number of

schools with any EM schools with Category with Category schools with

examined  class found with no EM 17 class(es) 2° class(es) Category 3¢
class found class(es)
BCASFs 40 16 (40%) 24 (60%) 1 (2.5%) 3 (20%) 12 (30%)
Master’s granting 40 9 (22.5%) 31 (77.5%) 1 (2.5%) 2 (5%) 8 (20%)
R1 40 37 (92.5%) 3(7.5%) 18 (45%) 24 (60%) 30 (75%)

“Category 1 refers to classes that are entirely focused on EM.

PCategory 2 refers to classes that are focused on a specified application of evolution to a health topic, such as evolution of infectious diseases or

evolution and mental disorders.

“Category 3 refers to classes that include some mention of applying evolution to health or disease, but only as one piece of a larger class.
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” Table 2. Number of courses found by type of course and department

Number of Number of Number of Total number
Category 1° courses Category 2° courses Category 3° courses of courses
Anthropology 6 11 17 34
Biology 14 27 59 100
Biomedical 1 5 3 9
Other 3 12 21
Cross-listed 5 7 5 17
Total 29 56 96 181

dCategory 1 refers to classes that are entirely focused on EM.

PCategory 2 refers to classes that are focused on a specified application of evolution to a health topic, such as evolution of infectious diseases or

evolution and mental disorders.

“Category 3 refers to classes that include some mention of applying evolution to health or disease, but only as one piece of a larger class.

” Table 3. Ways instructors mentioned first learning about EM by disciplinary area of their highest

degree

Anthropology Biology MD Other
Undergraduate 7 (30.4%) 1 (5.3%) 2 (50.0%) 0 (0%)
Graduate school 10 (43.5%) 3 (15.8%) 1 (25.0%) 0 (0%)
Post-doctoral experience 1 (4.3%) 2 (10.5%) 0 (0%) 1 (50.0%)
Class 8 (34.8%) 3 (15.8%) 1 (25.0%) 0 (0%)
Own research 3 (13.0%) 8 (42.1%) 3 (75.0%) 1 (50.0%)
Direct from a specific person 2 (8.7%) 7 (36.8%) 2 (50.0%) 0 (0%)
Reading about EM 9 (38.1%) 5 (26.3%) 1 (25.0%) 1 (50.0%)

Categories are not mutually exclusive. For example, first exposure through an undergraduate course counts under both ‘Undergraduate’ and ‘Class’.

” Table 4. Survey respondents’ background with research in EM by their disciplinary background

Anthropology (n = 22) Biology (n = 25) MD (n = 4) Other (n = 2)
Currently involved in EM research 17 (77.3%) 7 (28.0%) 4 (100%) 2 (100%)
Never involved in EM research 3 (13.6%) 16 (64.0%) 0 (0%) 0 (0%)
Previously involved in EM research 2 (9.1%) 2 (8.0%) 0 (0%) 0 (0%)

Faculty share teaching resources primarily within their own
discipline

Undergraduate courses can be constructed de novo without
the use of materials developed for other courses, or they may
integrate previously developed materials. Faculty may share
syllabi, reading lists, lecture slides, test questions or other
classroom activities, which can lead to similarities between
the content and teaching activities of different courses.
Courses developed independently, without any material
sharing, may be more likely to differ in content or teaching
activities on average. Given that EM courses are offered

across disciplines, we were interested in whether sharing net-
works of course materials reflect traditional academic discip-
linary structures. We asked survey participants to list up to
six individuals that they have either provided materials to, or
received materials from, for their EM courses.

Many instructors listed other survey participants as both recipi-
ents and donors of course materials, but other listed individuals
were either not identified as teaching a Category 1 course through
our methods (n=48) or were sent the survey (n=11), but did not
complete it. The disciplines of these additional instructors, 59 in
total, were available online through personal or academic
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Figure 1. Material-sharing network among survey participants. Nodes represent instructors, with node size corresponding to the number of other instructors

receiving course materials from the focal node. Arrows indicate direction of material sharing

webpages. Because we were interested in the spread of course
materials within and between disciplines, we identified and at-
tached data about the disciplinary foci of these individuals to
the network data. Figure 1 displays a sociograph of this course-
material-sharing network.

There are several takeaways from this network. First, a large
proportion of EM instructors (36/53) share course materials.
This materials-sharing community may work to reinforce curricula
that are similar among these instructors’ courses. Second, faculty
tend to exchange course materials with others from the same
discipline. Third, the existence of many isolated nodes and
smaller communities suggests that many instructors develop
courses without using shared materials.

Core principles tend to be important, but vary by course

Instructors evaluated the importance to their course of 14 previ-
ously described core principles of EM [12] from ‘not important’ to
‘essential’ for their students to learn. Generally, instructors rated
all core principles as ideas important for students in their courses.
However, 12 of the 14 core principles were rated as either ‘not
important’ or ‘slightly important’ by at least one instructor,
indicating that variation exists. Only two principles were rated
as being at least moderately important for students to understand
for all of the instructors’ courses: evolutionary processes and re-
productive success. It is noteworthy that the three principles that
instructors rated as least important were sexual selection, mul-
tiple levels of selection and phylogeny; these three principles were

also the three lowest rated among the panel of experts that helped
define the core principles [12].

Anthropologists tended to rate core principles as more import-
ant to their courses than did biologists (Fig. 2). However, the only
principle that was rated significantly different between biologists
and anthropologists was evolved defenses, which was rated more
important in courses taught by anthropologists. It is worth noting
that 78% of biologists still rated evolved defenses as either im-
portant or essential to their course.

Students in all courses faced common struggles

We asked instructors to identify any struggles that students had
with content in their EM courses. The most common theme was
that students had difficulty understanding general evolutionary
concepts, such as genetic drift or macroevolution (28 out of 48
responses). The second most common theme was the influence
of student backgrounds, with instructors qualifying their re-
sponses by mentioning how the disciplinary background or lack
of student prerequisite knowledge impacted their courses (12 out
of 48 responses). For example, instructors reported anthropology
students having difficulty with biological content such as immun-
ology, genomics and basic evolution, or biology students having
difficulty with topics such as paleoanthropology or integrating and
discussing the importance of culture. Some instructors reported
‘non-majors’ lacking prerequisite knowledge. These responses
reflect the difficulty of teaching a course that focuses on evolution,
integrates a breadth of disciplines and often enrolls groups of
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Figure 2. Instructor-reported importance of 14 core principles of EM to their courses, organized by instructor disciplinary background. Percentages from left to

right indicate the percent of ‘Not important’ or ‘Slightly important’ responses, the percent of ‘Moderately important’ responses and the percent of ‘lmportant’ or

‘Essential’ responses, respectively

students that have differing prior knowledge. A full list of re-
sponses to this question is available in the Supplementary
Materials (Supplementary Table S2).

DISCUSSION

Courses that teach EM at the undergraduate level are an import-
ant component for making evolution a basic science for medicine.
Our study summarizes information on the prevalence of such
courses across different institution types, who teaches EM
courses, what principles are valued by these instructors, and com-
mon barriers that impede student learning.

EM is common at R1 institutions, but is mostly absent
from other institutions

It is, perhaps, not surprising that research-intensive universities
offer more courses that include evolutionary applications to
health These larger
(Supplementary Table S1 and Fig. S3) and can offer more courses
on specialized topics at the undergraduate level. It is unclear from
our data whether the intensity of EM research at an institution is
associated with a higher likelihood of offering EM courses.
However, our data suggest that professors who are actively
engaged in EM research, or whose own research led them to
learning about EM, are the ones developing EM courses. Thus,

and disease. institutions  are

it may be that the personnel at less research-intensive universities
are either unaware of EM or lack necessary resources to develop
EM courses at their university.

In relation to these findings, undergraduates have more
opportunities to learn about EM if they attend a research-intensive

university. Increasing the presence of EM across more diverse
institutions can help reach more students, including many who
will pursue health professions. Understanding the barriers to
teaching EM can help increase offerings in non-R1 settings and
can inform the types of resources that would facilitate the adop-
tion of EM into a broader range of courses.

Expanding the field of EM through education

Increasing the exposure of pre-med students to EM may be best
accomplished by finding ways to integrate EM into introductory
biology and upper level evolution courses, which provide various
opportunities to integrate relevant health examples. Indeed, sev-
eral commonly used evolution textbooks already include sections
on EM or human health [19-22].

Knowledge about the backgrounds of current instructors can
inform how EM may continue to grow through specialized courses
that focus specifically on evolution and medicine. Information on
how current instructors were initially exposed to EM and their
current involvement with EM research highlights discipline-spe-
cific patterns for how faculty came to teach EM. Biologists
teaching EM were more likely to learn about EM outside of formal
educational training, commonly through tangential ties to their
own research or by meeting someone already involved in EM.
Anthropologists teaching EM were more likely to gain exposure
such as past
coursework. Given the growth of EM thus far, in the form of an

through more formal educational routes,
international society, a journal, and the prevalence of courses at
research-intensive universities, it is likely that the opportunities
for faculty and students to discover EM are greater than ever.
Members of the EM community, including current instructors,
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are central to this growth opportunity. While expanding the pres-
ence of EM in classrooms and curricula can take formal routes,
such as the creation of national EM centers, personal connec-
tions—including those with former teachers, mentors and col-
leagues—were listed as memorable routes of initial exposure to
EM. Individuals invested in EM can inspire similar passions in
current and future undergraduates, mentees and peers to con-
tinue the growth of an engaged EM community. Creating effective
undergraduate EM courses is a major part of this opportunity.

Approaches to consider for teaching EM at the undergrad
level

It was not clear from our survey how similar or different EM
courses were between disciplines or instructors. However, as
EM continues to grow and take shape as a field, consideration
of the advantages and disadvantages of a consistent approach to
undergraduate courses would be worthwhile. Conversations and
resources regarding what to teach in EM courses have centered on
what medical professionals should know [2-6, 23]. Most under-
graduate EM courses are offered within a single discipline, which
raises important questions for EM undergraduate education; how
should EM learning goals integrate across disciplines, and how
similar or different should EM curriculum be across the different
disciplines that offer EM courses?

Instructors indicated similar importance of core principles for
EM courses, regardless of their discipline. By definition, core prin-
ciples have broad applications [24] and an interdisciplinary panel
reached consensus agreement about their importance, so this is
not entirely surprising. However, the contexts in which these prin-
ciples are applied in EM courses may differ by discipline in ways
that our survey could not capture. For example, the principle of
trade-offs can be exemplified through molecular examples, ecolo-
gical examples or life-history examples. Instructors may place
greater importance on certain applications of these principles de-
pending on the discipline in which the course is being taught. EM
courses across different disciplines may also differ in their
learning objectives. Biology and anthropology EM courses may
disproportionately focus on different aspects of evolution’s rele-
vance that align with their own department’s curricular goals;
biology courses may focus mostly on molecular evolution or co-
evolutionary dynamics of hosts and pathogens, while anthropol-
ogy courses may emphasize cultural evolutionary histories of
human proximity to animals. All of these approaches use evolu-
tionary thinking and tools, and all have applications for health and
disease, but each approach may be more appropriate for students
in either anthropology or biology. We encourage future research
exploring whether this may be true.

The cross-disciplinary nature of EM creates a question for those
developing educational resources in EM—can resources be one
size fits all, or do disciplinary differences mean that a lesson rele-
vant for one instructor may not meet the curricular needs of the
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next? A potential alternative solution is to focus efforts on
leveraging EM’s multi-disciplinary nature to teach students to
think across disciplinary boundaries. EM offers suitable subject
matter for combining multiple disciplinary perspectives, which
may consider EM to be either interdisciplinary or multidisciplin-
ary. Interdisciplinarity has been defined as an approach that com-
bines different disciplines to develop new methods, concepts or
other products that are required to solve a question that cannot be
single disciplinary approach [25].
Multidisciplinarity draws on multiple viewpoints to offer new so-

answered through a
lutions to old problems [26]. A precise measure of the extent to
which this is already occurring is not clear from our data, but
patterns from the materials-sharing network, the departmental
specificity of courses, and the lack of any explicit discussion of
interdisciplinary learning goals suggest that EM as a means for
teaching interdisciplinary or multidisciplinary skills may be un-
common. However, many instructors mentioned critical thinking
as an important learning goal, which is often included as an im-
portant outcome for interdisciplinary courses [27].

Many major problems faced by the world, including those in
medicine and public health, are not mono-disciplinary in nature,
leading to calls for more and improved interdisciplinary curricula
[9, 28]. EM expands medical and public health fields by highlight-
ing the role of evolutionary perspectives, adding an extra discip-
linary layer to the already transdisciplinary area of health and
medicine. In doing so, EM further brings together evolutionary
biology, anthropology, physiology, molecular and developmental
biology and other fields such as psychology. For example, stu-
dents tasked with understanding the rising rates of obesity can
consider evolved reward pathways, social disparities, genetic vari-
ation and mismatches present in modern environments, and how
these may work together to untangle a complex and important
health problem. EM may represent an area conducive to breaking
disciplinary barriers for students, and developing pedagogical
approaches that explicitly focus on interdisciplinary training in
EM may be a promising direction. Developing educational re-
sources for EM that provide opportunities for students to develop
interdisciplinary skills would not only benefit students in EM, but
may be attractive to departments, including those in less re-
search-intensive schools, to include EM in their curriculum.

Common struggles highlight educational challenges in EM

Common difficulties from the perspectives of instructors in EM
courses represent important problems to solve, and may be de-
terrents to the growth of the field. Acommonly mentioned issue by
EM instructors was the breadth of prerequisite knowledge
required of students to be able to engage with EM. Instructors
often pointed out specific deficiencies that students with anthro-
pology or biology backgrounds faced that made teaching the
course particularly difficult. In designing courses that aim to in-
tegrate these fields, faculty must consider that biology students
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may have weak backgrounds in paleoanthropology and
integrating culture into understanding evolution, while anthropol-
ogy students may have weaker foundations in subjects such as
molecular and evolutionary biology. Overcoming these issues
represents a special challenge that must be considered in course
design. Ensuring appropriate prerequisite courses, co-developing
courses with interdisciplinary teams, or making interdisciplinary
scholarship an explicit part of course design while leveraging the
unique disciplinary backgrounds of students [29] may be product-
ive ways to teach EM in an interdisciplinary way that supports
diverse student backgrounds and expertise.

Understanding evolution was the most common student diffi-
culty mentioned by instructors. While evolution is in manyways an
eloquent process, it includes many concepts that are notoriously
difficult for students to understand and students often harbor
misconceptions [30-32]. Furthermore, student understanding of
evolution is prone to misunderstandings stemming from cogni-
tive heuristics [33-35]. Many students enter college without
having been exposed to the mechanics of evolution, as many high
school teachers either entirely avoid or only cursorily teach evolu-
tion [36]. Many students also struggle reconciling their religious
identity with evolution [37], presenting a potential source of con-
flict. However, at all levels of learning, EM provides a unique con-
text for teaching evolution that most students can relate to on a
personal level. Understanding how this context improves student
engagement with evolution and health would highlight the bene-
fits of integrating EM into a variety of courses across K-16.
Research on the benefits of EM in high school is growing [38],
and more resources are becoming available for teachers at high
school and higher grade levels to use EM as a way to introduce
evolution [39]. Encouraging or contributing to EM integration
across grade levels may help address this issue in the future.

Understanding how to address student misconceptions about
evolution with EM courses first requires considering how learning
goals are defined in different EM courses. For example, evolution
may be a ‘threshold concept’ that is a necessary prerequisite for
students to learn EM. Threshold concepts are central ideas in a
discipline that, once understood, help a learner ‘cross through a
portal’ toward understanding [40]. Grasping a threshold concept
is anirreversible experience that results in major conceptual shifts
in understanding. Conceptualizing EM in this way suggests that
evolution itself is not a core concept of EM, but instead a concep-
tual barrier to understanding other concepts that make up EM.
Under this model, EM may be seen as an advanced topic best
taught to students who are already experts in evolution and are not
at risk of struggling due to their alternative conceptions of evolu-
tionary processes [41]. However, this approach ignores the bene-
fits of contextualized learning that EM offers. Alternatively,
understanding evolution may be a core learning objective of an
EM course. Indeed, evolution was frequently listed by instructors
as alearning goal in their course, and is considered a core concept
in biology and a core principle of EM [8, 9, 12]. Evolution is not
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typically seen as a threshold concept for biology [42]. Instead,
there are threshold concepts that stand in the way of students
understanding evolution, including ideas such as randomness,
probability, temporal scale and spatial scale [43]. This conceptu-
alization of EM suggests that it is a topic with a main goal of
teaching evolution. In this case, student struggles with under-
standing evolution should not be considered as a barrier to
learning, but instead are part of the learning progression.

Study limitations

This work is meant to provide a broad view of the EM educa-
tional landscape, and as such, has several limitations. First, the
scope of the course catalog survey was limited. Our sample was
small relative to the large number of universities that exist.
Indeed, more precise estimates would have been achieved with
the inclusion of more institutions, on an international scale.
However, for the purposes of gaining a general understanding
of the state of EM education, our estimate is of value.
Furthermore, a comparison to the only other previously pub-
lished estimate of EM’s inclusion in courses, which had a simi-
lar sample size, corroborates our estimates. Our estimate of the
frequency of schools offering courses that include a section on
EM (Category 3 courses: 41.7% of the 120 schools) is similarto a
previous study that found 50% of 32 evolutionary biology syllabi
collected from 27 different institutions in the USA included EM
in some way [10].

Our estimates are likely to under-represent the actual number
of courses because they relied on course descriptions indicating
that evolutionary applications to health and disease were a part
of the course. It is likely that other courses include EM content
but do not make it clear in these descriptions. However, at the
sametime, itis possible that course descriptions over-represent
the presence of EM content, or that courses exist in the course
catalog that are not regularly offered. Lastly, our data from in-
structors were not detailed enough to test finer-grain similarities
or differences in course structure and content. A more thorough
collection of class materials would allow a greater understanding
of how disciplinary background of instructors impacts course
design.

CONCLUSION

We present a snapshot of the current landscape of EM in under-
graduate education. Moving the needle toward greater represen-
tation of evolutionary applications to health and disease in
undergraduate courses can take place in two main ways. First,
more EM courses can be constructed. A second, non-mutually
exclusive strategy is to push for greater inclusion of EM in courses
that focus on human health and medicine, while courses focused
on evolution can be infused with more medical and human ex-
amples in the form of EM [44]. Given the lack of representation of
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courses devoted to EM, especially at non-research-intensive
universities, this strategy may be the lower hanging fruit.
Indeed, it is likely easier to tweak current curriculum than to create
curriculum anew.

SUPPLEMENTARY DATA

Supplementary data is available at EMPH online.

ACKNOWLEDGEMENTS

We thank members of the Biology Education Research Lab at Arizona State
University for helpful feedback on an earlier draft.

FUNDING

We acknowledge the support of a National Science Foundation Improving
Undergraduate STEM Education (NSF IUSE) grant #1712188.

Conflict of interest: None declared.

REFERENCES

1. Graves JL Jr, Reiber C, Thanukos A et al. Evolutionary science as a method
to facilitate higher level thinking and reasoning in medical training. Evol
Med Public Health 2016;2016:358-68.

2. Nesse RM, Bergstrom CT, Ellison PT et al. Making evolutionary biology a
basic science for medicine. Proc Natl Acad Sci 2010;107:1800-7.

3. Alcock J, Schwartz MD. A clinical perspective in evolutionary medicine:
what we wish we had learned in medical school. Evol Educ Outreach
2011;4:574-9.

4. Committee A-H. Scientific Foundations for Future Physicians. Washington,
DC: Association of American Medical Colleges, 2009.

5. Hidaka BH, Asghar A, Aktipis CA et al. The status of evolutionary medicine
education in North American medical schools. BMC Med Educ
2015;15:38.

6. Nesse RM, Schiffman |D. Evolutionary biology in the medical school cur-
riculum. BioScience 2003;53:585-7.

. Antolin MF, Jenkins KP, Bergstrom CT et al. Evolution and medicine in

~N

undergraduate education: a prescription for all biology students. Evolution
2012;66:1991-2006.

8. Brownell SE, Freeman S, Wenderoth MP et al. BioCore Guide: a tool for
interpreting the core concepts of Vision and Change for biology majors.
CBE—Life Sci Educ 2014;13:200-11.

9. Brewer CA, Smith D. Vision and Change in Undergraduate Biology Education:
A Call to Action. Washington, DC: American Association for the
Advancement of Science, 2011.

10. Ziadie M, Andrews T. Moving evolution education forward: a systematic
analysis of literature to identify gaps in collective knowledge for teaching.
CBE—Life Sci Educ 2018;17:ar11.

11. Gluckman PD, Low FM, Buklijas T et al. How evolutionary principles im-
prove the understanding of human health and disease. Evol Appl
2011;4:249-63.

12. Grunspan DZ, Nesse RM, Barnes ME et al. Core principles of evolutionary
medicine: a Delphi study. Evol Med Public Health 2018;2018:13-23.

13

14.

15.

16.

17.

18.

19

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Grunspanetal. | 91

. Stearns SC. On designing courses in evolutionary medicine. Evol Educ

Outreach 2011;4:589-94.

Buklijas T, Low FM, Beedle AS et al. Developing a curriculum for evolu-
tionary medicine: case studies of scurvy and female reproductive tract
cancers. Evol Educ Outreach 2011;4:595-602.

Schloerke B, Crowley |, Cook D et al. Ggally: Extension to ggplot2. R package
version 0.5. 0, 2014.

Research |. The Carnegie Classification of Institutions of Higher Education,
2015 edn. Bloomington, IN: Author, 2015.

Handcock MS, Hunter DR, Butts CT, Goodreau SM, Morris M. statnet:
Software tools for the representation, visualization, analysis and
simulation of network data. J. Stat. Sofiw . 2008;24:1548.

R Core Team. R: A language and environment for statistical computing.

Vienna, Austria: R Foundation for Statistical Computing: 2018.

. Bergstrom CT, Dugatkin LA. Evolution. New York, NY: W. W. Norton,

Incorporated, 2018.

Freeman S, Herron |C. Evolutionary Analysis. Saddle River, N): Pearson
Prentice Hall, 2007.

Futuyma D, Kirkpatrick M. Evolution. Sunderland, MA: Sinauer, 2017.
Zimmer C, Emlen D). Evolution: Making Sense of Life. Greenwood Village,
CO: Roberts, 2013.

Bolnick DI, Steinel N, Reynolds AW et al. Learning objectives for
weaving evolutionary thinking into medical education. Med Sci Educ
2017;27:137-45.

Wiggins GP, McTighe |.
Association for Supervision and Curriculum Design; 2005.

Understanding by Design. Alexandria, VA:

Klein |T. Interdisciplinarity: History, Theory, and Practice. Detroit: Wayne
State University Press, 1990.

Klaassen RG. Interdisciplinary education: a case study. Eur | Eng Educ
2018;43:842-859.

Holley KA. Understanding Interdisciplinary Challenges and Opportunities in
Higher Education. ASHE Higher Education Report Series, 35(2). San
Francisco, CA: Jossey-Bass, 2009.

Klein JT.
Interdisciplinarities. Charlottesville: University of Virginia Press, 1996.

Crossing  Boundaries: ~ Knowledge,  Disciplinarities, —and
Repko AF. Interdisciplinary Practice: A Student Guide to Research and Writing.
Boston: Pearson, 2005.

Gregory TR. Understanding natural selection: essential concepts and
common misconceptions. Evol Educ Outreach 2009;2:156.

Andrews T, Price R, Mead L et al. Biology undergraduates’ misconceptions
about genetic drift. CBE—Life Sci Educ 2012;11:248-59.

Nehm RH, Reilly L. Biology majors’ knowledge and misconceptions of
natural selection. AIBS Bull 2007;57:263-72.

Coley D, Tanner KD. Common origins of diverse misconceptions: cogni-
tive principles and the development of biology thinking. CBE—Life Sci
Educ 2012;11:209-15.

Shtulman A. Qualitative differences between naive and scientific theories
of evolution. Cogn Psychol 2006;52:170-94.

Shtulman A, Schulz L. The relation between essentialist beliefs and evo-
lutionary reasoning. Cogn Sci 2008;32:1049-62.

Rutledge ML, Mitchell MA. High school biology teachers’ knowledge
structure, acceptance & teaching of evolution. Am Biol Teacher
2002;64:21-8.

Barnes ME, Truong JM, Brownell SE. Experiences of Judeo-Christian stu-
dents in undergraduate biology. CBE—Life Sci Educ 2017;16:ar15.


https://academic.oup.com/emph/article-lookup/doi/10.1093/emph/eoz012#supplementary-data

92

38.

39.

40.

| Grunspan et al.

Beardsley PM, Stuhlsatz MA, Kruse RA et al. Evolution and medicine: an
inquiry-based high school curriculum supplement. Evol Educ Outreach
2011;4:603-12.

Moeller K, Friedman M. Evolutionary medicine in the classroom using
health to teach evolution. Sci Teacher 2018;86:18-20.

Meyer JH, Land R. Threshold concepts and troublesome knowledge (2):
epistemological considerations and a conceptual framework for teaching
and learning. Higher Educ 2005;49:373-88.

41.

42.

43.

44,

Evolution, Medicine, and Public Health

Meyer J, Land R. Overcoming Barriers to Student Understanding: Threshold
Concepts and Troublesome Knowledge. New York, NY: Routledge, 2006.
Ross PM, Taylor CE, Hughes C et al. Threshold concepts in learning biol-
ogy and evolution. Biol Int 2010;47:47-54.

Tibell LA, Harms U. Biological principles and threshold concepts for
understanding natural selection. Sci Educ 2017;26:953-73.

Pobiner BL. Use human examples to teach evolution. Am Biol Teacher
2012;74:71-2.



