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Abstract
Objectives Evolutionary medicine is a growing field focusing
on the evolutionary basis of human diseases and their changes
through time. The introduction of concepts of long- and short-
term evolution into the medical curricula is essential to ac-
knowledge the variability of human biology.
Methods Three courses of the EM taught at the University of
Zurich and the University of Adelaide are presented by giving
their general descriptions, full curricula, and the results of
anonymized student evaluations.
Results The presented courses meet a growing need and were
positively received by the students. Most importantly, they
seem to stimulate critical thinking about issues relating to
health and evolution.
Conclusions The incorporation of these topics into curricula
will allow future practitioners of health-related professions to
apply principles of human evolution and its forces in their work.
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Introduction and Rationale

Humans are not only the product of a long evolutionary pro-
cess but are also continuously evolving [1, 2]. We therefore

show variation of anatomical structures and physiological pro-
cesses, as well as disease patterns and prevalences (Fig. 1).
Intergenerational changes of human anatomy and pathology
have been frequently reported and are of foremost interest
(e.g., for surgeons). Significant changes in morphological
characteristics include the following: decrease in the
robusticity of the musculoskeletal apparatus (gracilization)
[3–5], weight and height [6], microcranialization and
brachycephalization (reduction in braincase size and change
of its shape) [7–9], reductions in the size and number of teeth
[10], spinal morphology alterations [11, 12], changing fre-
quencies of tarsal coalitions [13], increase of the frequency
of some arteries (median) [14], and decrease of others
(thyroidea ima) [15]. These alterations are all likely to be at
least partially the result of structural reductions in response to
technology diminishing the need for the use of physical
strength. Aside from genetic changes, they therefore may also
occur from epigenetic alterations due to differing environmen-
tal pressures such as a reduction of chewing effort in the pro-
cessing of food, leading to reduction in jaw size [16, 17].
Moreover, the ubiquitous low-back problems of modern
humans, shoulder impingement, hip and knee osteoarthritis,
and other musculoskeletal diseases are often attributed to an-
atomical variants inherited from our early hominin ancestors
as trade-offs to the evolution of bipedal locomotion [18–25].
However, the degree of variability of human morphology is
often neglected in traditional medical curricula. These facts
require the introduction of concepts of long- and short-term
evolution into medical curricula.

Evolutionary Medicine Curricula

The call for the incorporation of evolutionary topics into
the modern biomedical curriculum has been raised for
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more than 10 years [26]. However, no specific large, med-
ically oriented evolutionary medicine (EM) research unit
existed until 2010 [27–29]. Since then, the number of
top universities offering EM-related teaching is steadily
increasing [27, 29]. Thus, the full biomedical academic
potential of EM is still largely untapped, especially when
it comes to evidence-based applications. In terms of prac-
ticality, the inclusion of a so-called clinical anatomy skills
lab into an EM research center—where clinicians train and
experiment, e.g., on human morphological variability in
close collaboration with anatomists in the dissection
room—may provide an appropriate launching place for
EM studies on such human morphological microevolution.

A plethora of EM-related topics to be taught in medical
schools could be named (Table 1). These combine, e.g.,
themes of clinical medicine, basic research such as genetics,
human biology, physical and social anthropology, and arche-
ology. The benefit of such evolutionary-based academic edu-
cation has been laid out recently by a consensus paper, which
highlighted the rationale for such teaching, the learning objec-
tives for both—premedical and medical competencies—as
well as the general integrative power of EM teaching [30].
Furthermore, it is apparently feasible to acquire third party
funding for this particular field of research [29], thus combin-
ing graduate and postgraduate teaching and research of EM
within state-of-the-art academic facilities (such as the
abovementioned clinical anatomy skills lab). On a larger

scale, this could result in worldwide collaborations and imple-
mentation in leading health science schools around the globe.

The Modules: Aims and Outline

Here, we present three novel courses held between autumn
2012 and spring 2015 that embed the teaching of secular
trends in the human body and pathology: (1) a full semester
undergraduate course on evolution and health introduced in
2012 at the University of Adelaide as an elective for medical
students, and a senior (level III) course for health sciences
students; (2) an intensive master-level postgraduate Bblock
course^ for science students introduced at the University of
Zurich in 2013, the first tertiary level full course in evolution-
ary medicine to be taught in Switzerland; and (3) an elective
course for medical undergraduate students introduced in 2014
at the University of Zurich.

Based on our own original data of temporal changes in
human body structures—e.g., the prevalence of additional ar-
teries or of spina bifida occulta, and palaeopathological

Fig. 1 Interactions of humans, environment, and medical technology as
addressed by evolutionary medicine

Table 1 Selection of lecture and seminar topics from our courses of
evolutionary medicine

Titles of lectures and seminars

- Adaptive explanations of reaction to infectious diseases.

- Host and parasite co-evolution, evolutionary history of major chronic
infections: treponematoses, leprosy, tuberculosis

- Demographic future of humankind, demographic modeling

- The role of disease in society, perceptions of health in diverse cultures

- Future medical developments: nanotechnology, genetic engineering,
recombinant DNA

- Cultural roles of children, adolescents, adults and elderly—how they
impact on health. Human senescence, the aging society of the future

- Psychological health in various stages of life. Impact of disease on
human individual relations

- Perception of psychiatric ailments in various cultures

- Modern maladaptations-drugs and other addictive agents;
socioeconomic mental health inequalities

- Human dietary adaptations (Bnatural^ human diet), mismatch with
modern nutrition

- Cross-cultural nutritional practices, food taboos, malnutrition, obesity

- The role of sexual relationships in nondirectional forces of evolution:
inbreeding and incest avoidance. Assortative mating and its
consequences. Cultural differences

- Feminine approaches to the body and health

- Masculine body image, men’s health

- Sexual disease, social structure and public health

- Adaptive responses of human body, short-term adaptive trends (micro-
evolution, secular trends)

- The future of humankind (discussion)

- Ethics in future medical practice and public health
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observations—such topics are addressed both in a classical
lecture format and in interactive practicals and seminars co-
run by students.

The first module at the University of Adelaide has a max-
imum of 50 students quota and consists of 4 h of contact per
week for 12 weeks. However, students are expected to spend
about at least another 4 h per week on researching for their
written tasks that comprise the assessment. In the past, some
students have reported spending more than this amount of
time on research and reading and writing. Thus, 4 h would
be the minimum time required. The course is offered every
year and comprises lectures, seminars, discussion, and self-
directed learning activities. Selected course learning objec-
tives are listed in Table 2.

The second module, the block course at the University of
Zurich, is available to graduates of the 3-year degree (license =
BSc) who are registered for a Master of Biology degree. It is
limited to 20 students only to provide an opportunity for small
group work and development of individual interests. It is run
over 4 weeks (3.5 days per week) and consists of 34 h of
lectures and 39 h of seminars as well as practicals in osteology,
bone pathology, imaging techniques, ancient DNA analysis,
and analysis of large health-related datasets. The main objec-
tives of the block course are listed in Table 3.

The third module is available to medical undergraduate and
first year medical Master students of the University of Zurich
(i.e., second to fourth year medical students). During these
three years, the students have to choose 6 different modules
among about 35 modules offered in total. The module in

evolutionary medicine consists of 7 half days (4 h each) and
is offered every semester, with a maximum of 15 students. The
structure of the course and the learning objectives are similar
to those of the block course, although the seminars and prac-
ticals are less extensive.

Common to all three courses is that they require student-
directed learning. That is, students must take responsibility in
shaping the focus of their work and in formulating arguments
within that work. Lectures and seminars, both with interactive
discussion, are principal learning and teaching modes. Since
the courses attempt to integrate knowledge of a number of
disciplines, active student participation in lectures and semi-
nars is required. Lectures integrate knowledge already pos-
sessed by students with new approaches to its interpretation
as well as to supplement knowledge where it is found to be
missing. Seminars are fully interactive discussions focusing
on specific topics, but allowing branching out into topics iden-
tified as important during discussions.

Each student has to prepare an oral presentation to start a
seminar discussion. In addition, in the Adelaide course, each
student has to write an essay on the topic chosen jointly by a
student and a course coordinator so that student interests are
provided for while the topic fits into the broader scope of
course knowledge. The Adelaide course has a strong focus
on formative feedback.

All three courses are interdisciplinary and comprise mate-
rials delivered by lecturers from different disciplines, and also,
the classes include students from different background. The
courses encourage students to think, debate, and challenge
taken-for-granted ideas about health care.

Assessment of the Courses

Assessment of the Adelaide course is based on the following
five principles: (1) assessment must encourage and reinforce

Table 2 Course learning objectives Adelaide

1. Understanding of forces of evolution

2. How technology influences human evolution

3. Future consequences of modern medical practices

4. Microevolutionary changes of human anatomy and
physiology in the last few thousand years

5. Impact of migration, marriage customs, and morality
on forces of evolution (inbreeding, genetic load,
gene flow)

6. Relationship between current medical practice
and forces of evolution (mortality, fertility,
mutations)

7. Ethical issues of evolutionary medicine
(avoidance of eugenic errors)

8. Socioeconomic conditions and physical development
of children

9. Appreciation of cultural differences in health outcomes

10. Ability to analyze health of communities in evolutionary
perspective

11. Ability to prepare a seminar presentation on a specific
topic

12. Ability to engage in a meaningful, structured
discussion of a specific topic

Table 3 Selected course learning objectives Zurich

1. To explain the forces of evolution and their impact on humans

2. To formulate how evolution of pathogens, technology and
environment influences human health

3. To discuss microevolutionary changes of human anatomy
and physiology in the last few centuries

4. To examine the macroevolutionary origin of musculoskeletal
disorders as possible trade-offs to the evolution of bipedal
locomotion

5. To summarize state-of-the-art research on ancient DNA
(for example, next-generation sequencing)

6. To address ethical issues of evolutionary medicine (use
of ancient remains, etc.)

7. To appreciate the impact of the concept of evolutionary
medicine on biomedical science and general society
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learning; (2) assessment must measure achievement of the
stated learning objectives; (3) assessment must enable robust
and fair judgments about student performance; (4) assessment
practices must be fair and equitable to students and give them
the opportunity to demonstrate what they have learned; and
(5) assessment must maintain academic standards. An assess-
ment summary is provided in Table 4.

The block course at the University of Zurich (i.e., second
module) is assessed exclusively by a final exam as this is
viewed as the most objective assessment method that is best
verifiable and resistant against appeals. The third module aimed
at medical undergraduate students of the University of Zurich is
not given marks. To pass, the students have to give an oral
presentation, attend the full course, and participate actively.

At the end of the courses, the students were asked to anon-
ymously review the course. Survey questions are listed in
Tables 5 and 6 for the courses at the University of Adelaide
and Zurich, respectively.

Results

Participation in the anonymous survey at the University of
Adelaide was 11 of 17 enrolled students in the 2012 course, 13
of 19 in 2013, and 13 of 20 in 2014. Over the last 2 years, 82 %
of the University of Adelaide students assessed the overall qual-
ity of the course on a seven-score scale as very good to excellent
(Table 5). Specifically, they assessed that the course uses appro-
priate strategies to engage them in their learning (mean 6.3 out of
7 points), and it helps them to develop their thinking skills (mean
6.3 out of 7 points). Students’ comments on what are the best
aspects of the undergraduate Adelaide course are as follows:

– Learning new ideas and things from a new perspective.
– Content in itself was extremely rewarding.
– Broad range of topics, which is very interesting.
– Covers all issues of evolution and stimulates students’

critical thinking.
– It is a new course and covers areas of science that have

been mentioned in other subjects but in a different way of
thinking about them.

– It encourages thinking widely about issues relating to
health and evolution.

The overall return rate of the anonymous survey of the
block course for biology students at the University of Zurich
was 98 %. The students assessed the overall quality of the
course on a five-score scale as follows: 57 % of students in
2013 and 26 % in 2014 stated that they are very satisfied,
whereas the remainder (43 and 68 %, respectively) stated that
they were satisfied (with only one student in 2014 (5 %) being
neutral and none unsatisfied). In the module for University of
Zurich medical students, the participation rate in the survey
was 90 %. The high degree of overall satisfaction with the
course was similar to that of the biology students at the
University of Zurich (29 and 62 % were very satisfied in
2014 and 2015, respectively, and 64 and 38 %, respectively,
were satisfied, with one of the 2014 students (7 %) being

Table 4 Assessment summary of
the Adelaide course Assessment task Type of assessment task Weighting (%) Learning course

objectives being
addressed (cf. Table 2)

Oral presentation Formative and summative 10 % 1, 5, 10

Mid-term test Summative 20 % 1, 2, 3, 4, 8

Essay Formative and summative 30 % All (1–12)

Active participation in seminars Formative and summative 10 % All (1–12)

Final examination Summative 30 % 1–10

Table 5 Survey questions at the University of Adelaide course

Q1. This course has clearly identified learning outcomes. (5)

Q2. This course is well organized. (6)

Q3. This course has a workload that is appropriate for the achievement
of its learning outcomes. (6)

Q4. Appropriate strategies to engage me in my learning. (7)

Q5. This course uses appropriate online resources and technologies to
help me achieve its learning outcomes. (6)

Q6. This course uses methods of assessment that help me achieve its
learning outcomes. (6)

Q7. This course helps me to develop my thinking skills (e.g., problem
solving, critical analysis). (6)

Q8. This course has a learning environment that takes into account
student diversity. (7)

Q9. My learning in this course is supported by effective feedback. (6)

Q10. Overall, I am satisfied with the quality of this course. (7)

Free-answer questions:

Q11. What are the best aspects of this course, and why?

Q12. This course could be changed in the following ways to improve
my learning

Each question has seven possible answers from 1 = strongly disagree to
7 = strongly agree. Median responses in brackets
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neutral). Comments on what are the best aspects of the post-
graduate Zurich course are as follows:

– The insights of the development and the epidemics of
disease are very helpful for biologists.

– Covers a wide range of research fields such as medicine,
genetics, anthropology, and even history and ethics,
which makes it very diverse and interesting.

– Small group work with specialists. Lots of teachers giving
new perspectives.

– Good practicals giving access to actual specimens of bone
pathologies and ancient DNA analysis.

– The course stimulates critical thinking.

Discussion and Outlook

The presented courses obviously meet a growing need, and
they were positively received by the students. The format of
the courses seems to be appropriate yet minor organizational
and content changes based on actual evaluation may also hap-
pen in the future. Most importantly, the actual courses seem to
stimulate critical thinking about issues relating to health and
evolution. Another significant outcome measure is the direct
involvement of students into full research activities, which
already resulted in various publications [31–36]. Last but not
least, the courses lead to a growing number of Bachelor,
Master, and PhD students at the involved institutes.

Table 6 Survey questions at the
University of Zurich courses Q1 The number of students in this course is (just right)

Q2 The amount of material covered is (just right)

Q3 The level of difficulty is (just right)

Q4 The learning outcomes of the course are clear and understandable (4.2)

Q5 The course is well organized regarding information, communication, execution (4.5)

Q6 The contents are presented in a logical order (3.9)

Q7 There is a good ratio between the theoretical and practical parts of the course (3.2)

The teacher... (if you wish to add notes for specific teachers please use the back of this sheet)

Q8 ... sets up a pleasant working atmosphere (4.5)

Q9 ... encourages me to think for myself (4.3)

Q10 ... knows his subject well (4.9)

Q11 ... is friendly and approachable for students (4.8)

Q12 ... is able to interest me in the subject (4.3)

Q13 ... explains complex issues clearly (4.2)

Q14 ... makes connections between theory, practice and application (4.6)

Q15 ... teaches in a lively and motivating way (4.4)

Q16 ... structures the contents clearly (4.0)

Q17 ... encourages questions and active participation (4.3)

Interest, learning, self-activity

Q18 I have enough background knowledge to follow the course (3.6)

Q19 I participate actively in this course with questions and contributions to the discussions (3.6)

Q20 I learn a lot in this course (4.2)

Q21 My ability to analyze scientific literature has been (further) developed during this course (8 yes, 3 no)

Q22 My problem-solving abilities have been (further) developed during this course (10 yes, 2 no)

Q23 I have personally achieved the defined learning outcomes (3.9)

Overall rating

Q24 How satisfied are you with the course as a whole? (4.6)

Q25 How satisfied are you with the teachers? (4.7)

Free-answer questions:

Q26 How satisfied were you with the individual topics?

Q26 What was good, what would you change?

Q28 Which of the practical works did you like/dislike, and why?

Q29 What do especially like about this course?

Q30 What do you not like so much? Please make suggestions for improvement.

Each question has five possible answers from 1 = strongly disagree to 5 = strongly agree. Median responses in
brackets for spring semester 2015 (module 3)
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More universally, the benefit of evolutionary-based aca-
demic education has been laid out only recently by a consen-
sus paper, which highlighted the rationale for such teaching,
the learning objectives for both—premedical and medical
competencies—as well as the general integrative power of
EM teaching [30]. The incorporation of principles of human
evolution and its forces for future medical practitioners is thus
needed, since an understanding of the evolutionary dynamics
of the human body will be able to optimize medical therapies
and public health policies. Presently, the number of universi-
ties offering EM related teaching is steadily increasing [27,
29]. The courses offered in EM at the Universities of Zurich
and Adelaide are well received by students. A plethora of
intergenerational change-related topics to be taught in medical
schools could be named by the students (see above). They
could combine elements of clinical medicine, public health,
medical basic science research, human biology, physical and
social anthropology, economic history, and even archeology.

A fundamental issue arising from this understanding is the
biocultural interactions that expedite human vulnerability to
disease. For example, modern humans are being increasingly
outmaneuvered by resistant bacterial strains and arthropod
vectors. This needs to be quickly addressed since modern
living (cultural behaviors) facilitates the spread and transmis-
sion of resistant pathogens due to novel environments such as
global travels. Another biocultural interactions leading tomor-
phological dysfunction are human made environmental con-
taminants, which may potentially reduce male reproductive
health with consequential declining fertility [37–40]. A third
major problem of biocultural interaction and morphological
transition based on individual genetic endowments is the cur-
rent pandemic of overweight and obesity in many countries.
Several thinkers in EM have referred to this pandemic as a
classical Bmismatch^ or Bdiscordance^ between biological
evolution and cultural change [41–43].

A general practitioner may not directly heal a patient using
only evolutionary medicine principles, but without a little
knowledge of the evolutionary dynamics of the human body
he/she certainly will not be able to provide the best, individu-
alized diagnosis, medico-social advice, and prescribe optimal
personal treatment [44].

Conclusion

At this time, researchers and teachers in EM need to encour-
age medical and health science professionals to explore the
evolutionary principles that inform human health and disease.
The approach should be multifactorial, using latest research in
EM, as well as wider media exposure, in order to inform the
scientific community and the general public. Antolin et al.
[40] endorse a Bbig picture^ approach to teaching EM via
the inclusion of reference frameworks for improving

information transfer and student retention. Moreover, students
may become more interested in evolutionary concepts by em-
bedding them in sociocultural behaviors. Current public inter-
est in future human evolution is a growing area of EM by
which it can engender ideas for medical and public health
interventions. The expansion of EM in research and pedagog-
ical areas is crucial due to ongoing human microevolution,
which may present unknown challenges to future humans.

Detailed Curricula

The Adelaide course was run for the third time in late
2014, the Zurich courses for medical and science
students are run for the fifth and third time, respectively,
by spring 2016. To meet the high demand, they will be
offered twice a year starting from 2015. Curricula are
evolving in response to teachers and students sugges-
tions. Full curricula and detailed course descriptions are
available from the authors upon request.
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