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Abstract

Curriculum development in biological anthropology requires instructors to
generate learning outcomes for both anthropology and biology majors. However,
these students have substantially different backgrounds. Anthropology curricula do
not always require biology prerequisites, and many instructors are concerned that
anthropology majors may not be as prepared to learn biology content. As
bioanthropological research increasingly relies on genetics and phylogenomics, a
strong emphasis needs to be put on integrating biological content into
anthropology courses. The core-level “Human Evolution” course at Virginia
Commonwealth University is taught under an anthropology rubric. The course is
divided into four primary units: two units cover topics that are also explored in
lower-level biology courses (e.g., DNA inheritance) and two units focus on
paleoanthropological topics (e.g., hominin taxonomy). Here, we compare results of
course assessments between anthropology and biology majors across four
semesters to determine whether students in the two majors performed differently on
units with “biology” content versus “anthropology” content. A series of statistical
tests reveal that overall, anthropology and biology majors are earning comparable
final grades in the course. Additionally, when assessment results for units with
differing content are contrasted, anthropology and biology majors scored
comparably on “anthropology” content units. However, in some semesters, biology
majors scored statistically significantly better in the “biology” units than in
“anthropology” units, and in one semester, anthropology majors scored statistically
significantly better than biology majors in “biology” content. These results suggest
that it is biology majors, rather than anthropology majors, who are deficient in an
integrated bioanthropological perspective. We recommend that anthropology and
biology departments consider introducing an integrated curriculum that is
interdisciplinary rather than multidisciplinary by design.
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Introduction

Evolutionary theory is a unifying theme in biological inquiry (Dobzhansky 1973). Given
that biological anthropology is the study of humans as biological organisms (American
Association of Physical Anthropologists 1996; Gundling 2010), teaching the application
of evolutionary theory is also key to anthropological study. Most analyses of the efficacy
of teaching evolution in the classroom focus on biology courses, where evolutionary
theory is applied quite broadly to explain global biodiversity with only minimal discussion
of our own taxon (Linhart 1997; Lloyd-Strovas and Bernal 2012; White et al. 2009).
However, university-level courses in biological anthropology directly address evolution in
the human lineage (e.g., White et al. 2009). Although effectively teaching and
communicating evolutionary theory is famously difficult for a variety of pedagogical and
sociocultural reasons, including student religious beliefs and anti-intellectualism (Jensen
and Finley 1996; Lloyd-Strovas and Bernal 2012; Smith 2009; Wilson 2005), teaching
about evolution within the context of biological anthropology adds the complexity of
requiring students to not only understand the science, but to apply it to themselves and
the history of their own lineage. In non-anthropological university-level courses,
evolutionary theory is more likely to be presented on the general backbone of
organismal diversity unconstrained by the specific applications related to human life,
culture, and social history.

At Virginia Commonwealth University (VCU), undergraduate students can enroll in the
upper-level “Human Evolution” course either to fulfill a requirement for the anthropology
major or to complete a required lab elective for the biology major. The Human Evolution
course is offered under an anthropology rubric and is framed from a biological
anthropology perspective. At the time of this study, the course used a textbook that
divides materials into two main sections: one that is “biological” in nature and includes
topics like DNA inheritance, evolutionary mechanisms, and taxonomy; and one that is
more “anthropological” in nature, covering the human fossil record and human and
primate behavior (Stanford et al. 2013). Students in the two undergraduate majors have
opportunities to enroll in introductory courses in biology and anthropology as general
education requirements. However, the majority of anthropology majors (about 60
percent) have not taken a college-level biology course before enrolling in Human
Evolution, and a larger majority of biology majors (about 80 percent) have not taken any
other anthropology courses before enrolling in Human Evolution.

The fact that more than half of the anthropology majors in the Human Evolution
course at VCU have not enrolled in any prior biology courses is relevant to their
differential preparation for the class compared to biology majors. Anthropology courses
rarely cover many of the biological topics related to evolution (Table 1). Moreover,
despite the importance of evolutionary theory to anthropological study, most university-
level anthropology textbooks—whether focusing on cultural or biological anthropology--
do not provide consistent or single definitions of evolution (White et al. 2009). As a
result, anthropology majors are not guaranteed to have had any prior exposure to
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evolutionary theory or even to crucial basic scientific concepts to prepare them for the
Human Evolution course.

Table 1. Breakdown of Biology and Anthropology Unit-Specific Content

Covered in Covered in
Unit type Content introductory introductory
BIOL* courses? ANTH* courses?
Biology Evolutionary thought Yes Rarely
Cell and molecular Yes Rarely
structure
DNA inheritance Yes Sometimes
Evolutionary forces and Yes Rarely
species variation
Phylogeny Sometimes Rarely
reconstruction
Anthropology Primates and primate No Yes
behavior
Hominin fossil record No Yes
Interpreting behavior Sometimes Sometimes
from fossils
Evolution of human No Yes
language
Human variation and No Yes
behavior

*BIOL and ANTH denote specific biology and anthropology courses, respectively,
offered at VCU

At the same time, biology majors enroll in the Human Evolution course with little or
no background in anthropology, putting them at a disadvantage in preparation for the
anthropological materials covered in the course. Multiple studies have explored the way
pedagogical approach, social factors, and the acceptance of evolution (Lloyd-Strovas and
Bernal 2012) affect student performance in classes focused on the study of evolution.
Fewer studies have assessed how students in different programs of study perform in
these courses. One study of majors and non-majors in introductory biology courses found
that non-majors often outperformed majors on assessments, especially those related to
ecology and evolution (Sundberg and Dini 1993). However, majors and non-majors in
that study were placed in different course sections with different pedagogical strategies
and goals. Even fewer studies have focused specifically on courses dealing with human
evolution. Lloyd-Strovas and Bernal (2012) summarized the results of 26 studies related to
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the teaching of evolution in higher education. They found that only two suggested
including a discussion of the evolution of humans, specifically, as a strategy for increasing
student understanding (Nelson 2000; Wilson 2005).

A Human Evolution course that serves both anthropology and biology majors is
hampered by different sets of students being underprepared for different aspects of the
course content, yet this course remains a crucial part of the path towards scientific and
evolutionary literacy in both curricula (Alters and Nelson 2002; Cunningham and Wescott
2009). Our experience in the classroom with both anthropology and biology majors
suggests that there is a real need to identify and mitigate deficits in background
preparation to ensure that students meet the learning objectives. How can different
programs of study best prepare students and instructors to succeed in a course that is
often described as contentious, unimportant, and, at best, optional (Brem, Ranney, and
Schindel 2003; Cunningham and Wescott 2009; Moore 2006; Smith 2009)?

The current study addresses how students in different majors perform in the Human
Evolution course at VCU when assessments are based on more typically “biological” vs.
“anthropological” materials. Specifically, given the paucity of data and assessments of
this nature, we are interested in determining whether anthropology and biology students
receive significantly higher grades in their respective areas in a course that combines
lecture and laboratory activities. We predict that anthropology majors will outperform
biology majors in “anthropology” unit content and that biology majors will outperform
anthropology majors in “biology” unit content. This unique dataset allows us to examine
the assumptions we may make about the prior backgrounds of students with different
undergraduate majors, and it sheds light on how to more fully integrate a Human
Evolution course into successful science curricula.

Materials and Methods

Performance in the Human Evolution course over four semesters (and four years) at
VCU was assessed for 184 undergraduate students majoring in either anthropology or
biology. For the duration of this study, only one professor taught the Human Evolution
course at VCU. The majority of students in this upper-level course are in the third or
fourth year of their programs of study. In the first two years of assessment, lab-based
activities were directly integrated into lecture, but in 2013, a separate lab period was
introduced as a required co-requisite with the lecture. The textbook and lab activities
remained the same, but the lab period allowed for an increased emphasis on active
learning, with more time to explore through hands-on activities and more time for open
interaction among students and between students and the instructor. The introduction of
the lab section enabled biology majors to take the course as a required lab-based
elective, and the course’s enrollment increased. Assessments in lab were made
separately from those in lecture.

Grades received by anthropology and biology majors on *“anthropology” and
“biology” units (Figure 1), as well as overall course grades, were statistically compared
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within and between majors using chi-square tests of independence (Table 2). The null
hypothesis of this statistical test is that the sets of categorical variables, as student majors
and course content units, are independent of each other, and that no association exists
among these variables in course performance. That is, the null expectation is that biology
and anthropology majors will perform equally on “biology” and “anthropology” course
units. This statistical approach was integral to our analysis as there are likely differences in
performance by biology and anthropology majors in the Human Evolution course.

Figure 1. Distribution of grades across majors and content units.
(A) 2011, (B) 2012, (C) 2013, (D) 2014
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By partitioning this performance into two variables simultaneously, we can identify
how student course performance is related to course content and major. Specifically, we
used this analysis to first test for heterogeneity within majors by examining whether
biology majors’ grades were similar on “biology”- and “anthropology”-specific content
(as in Table 1), and whether anthropology majors’ grades were similar on “biology”- and
“anthropology”-specific content. Second, we tested for heterogeneity within a topic unit
by examining whether biology and anthropology majors’ grades were similar on
“biology” content and then whether biology and anthropology majors’ grades were
similar on “anthropology” content. In these analyses, we examined grades as two
categories of pass (A, B, and C combined) vs. fail (D and F combined). We also again
examined grades as four individual categories of three passing grades (A, B, and C), and
the DF grade category. Bonferroni corrections were applied to our p-values as data were
multiply compared within and between majors, which violates any independence of the
statistical outcomes.

Table 2. Comparisons of Grades Between Units and Majors in the
Human Evolution Course at VCU

Year 2011 2012 2013 2014
# of students in class 42 23 48 71
Comparison between units
Biology majors p<0.10 p<0.64 p<0.01 p<0.0002
Anthropology majors p<0.65 p<0.32 p<0.53 p<0.20
Comparison between majors
Biology unit p<0.28 p<0.68 p<0.42 p<0.0002
Anthropology unit p<0.86 p<0.31 p<0.03 p<0.87
Final grades p<0.15 p<0.69 p<0.57 p<0.16

NOTE: Results in bold are significant after Bonferroni correction.

Results

The courses assessed during the first two years of this analysis, 2011-2012, were
smaller in size and included integrated lab activities. In these two years, no significant
differences were found with respect to anthropology and biology majors’ final grades.
However, when the separate lab section was introduced in 2013 and the class size
increased, anthropology and biology majors performed differently in some unexpected
ways (Table 2). In both 2013 and 2014, biology majors earned higher grades, with a
higher percentage of students passing, on the “biology” units than on the
“anthropology” units. Anthropology majors had similar passing percentages on
“biology” vs. “anthropology” units (Figure 2). However, when specific grades (e.g., A, B,
C, DF) were compared for each of the “biology” and “anthropology” course units
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between the majors, both groups of students scored equally well on the “anthropology”
units, but anthropology majors scored significantly better on the “biology” units than
biology majors (Figure 1). For final overall grades (e.g., A, B, C, DF), anthropology and
biology majors did not earn significantly different grades.

Figure 2. Percentage of passing grades shown for Anthropology and Biology majors
on content from “Anthropology” and “Biology” units in the Human Evolution course
for 2011-2012 compared to 2013-2014.
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Discussion

“Human Evolution” is a biological anthropology course that integrates learning
outcomes that are core to both biology and anthropology curricula. Given the differential
preparation of anthropology and biology majors for this course, we expected that
anthropology majors would outperform their biology cohort in “anthropology” unit
content, and that biology majors would outperform their anthropology cohort in
“biology” unit content. Our results suggest that the integration of anthropological and
biological knowledge in this Human Evolution course is more nuanced. The integration of
this knowledge may require an interdisciplinary approach so that these learning
outcomes can be introduced and reinforced throughout each curriculum, rather than top-
loaded into an upper-level Human Evolution course.

The introduction of the separate but required lab section in 2013 was part of an
overall pedagogical shift in several anthropology courses. Cunningham and Wescott
(2009) surveyed biological anthropology classes and recommended paring down the
amount of information to allow for more active learning (following Jensen and Finley
1996). The lab section at VCU was specifically designed to reinforce the lecture materials
with more group-based and hands-on activities. The Human Evolution lab at VCU was the
first anthropology lab that most anthropology majors were required to take, and in many
cases, it was the first lab class they had ever taken. However, lab sections are both
common and required in VCU’s biology program. The evident adjustment for
anthropology and biology majors, as reflected by their assessments in lecture, was thus
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unexpected. Anthropology majors’ performance was consistent in “biology” and
“anthropology” units, but biology majors began performing better in the “biology” units
than in the “anthropology” units.

A key point is that while we are discussing the “biology” and “anthropology” units as
separate units with different disciplinary origins for this study, the “biology” content for
the Human Evolution course nearly always uses humans or primates as the example
organism. This inherent bias may explain the most unexpected result: in the last semester
of the study, anthropology majors outperformed biology majors in the “biology” unit
assessments. We may think at the outset that biology majors, who are not focused on any
one organism in their introduction to evolutionary theory in lower-level courses, may
perform better in upper-level human evolution courses because they need only apply
their general background knowledge about evolution to yet another organism. However,
our results imply the opposite.

Given that biology majors rarely encounter humans as a study organism and that
anthropology majors rarely engage in scientific discourse where humans or their relatives
are not the study organism, perhaps our results reflect that anthropology majors are
more prepared and willing to see humans as a focus of scientific inquiry. In fact, a brief
survey of introductory biology textbooks used in Virginia higher education reveals that
the majority of these texts (about 60 percent) only discuss humans as a study taxon in
one chapter devoted to Homo sapiens rather than integrating humans into each chapter
or learning objective. Even in upper-level evolutionary biology texts, often only a final
chapter of the book is dedicated to “Human Evolution.” To undergraduate biology
majors, this structure implies that there are evolutionary biological theories or processes
that are specific to the human species. This structure creates an unnecessary dichotomy
and apparently confuses students. Providing consistency across humans and other
organisms with respect to evolutionary biology content would not only be more accurate,
it would be more efficient. Biology majors would be better prepared for a course like
Human Evolution if biological anthropology content—or simply the use of humans as
examples of taxa that experience evolutionary forces like any other organism—was more
often integrated into the introductory biology curriculum. For example, the application of
evolutionary biology is especially important to understand human relatedness to other
non-human primates, historical human movement Out of Africa, and malarial resistance.
These topics are predicated on fundamental knowledge of phylogenetics, migration and
gene flow, and natural selection and adaptation, and they should be integrated into the
respective course units along with other organismal examples. In fact, because many
biology majors are interested in medical and health-related fields, integrating examples
that are unique to human evolution, such as antibiotic resistance and drug addiction,
would not only more readily engage biology majors, but would make the content more
easily digested.

While the results of our analyses suggest that anthropology majors are understanding
the key biological concepts taught in Human Evolution, we would still argue that many
anthropology majors are not as scientifically literate as they should be. At VCU, the
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Human Evolution course is the only biological anthropology course that majors are
required to take. Often those students who are more interested in sociocultural
anthropology, and thus have not taken any prior biological anthropology courses,
struggle when they reach this upper-level course. While their scores were not included in
the current study, we noted that the only students to withdraw from the Human Evolution
course over the four study semesters were anthropology majors who left the course
during the “biology” unit content. This unfortunate phenomenon underscores another
key aspect of the interplay between anthropology and biology in courses like Human
Evolution: the integration of humanities and STEM fields is crucial to producing well-
rounded students who can apply critical approaches to real world problems faced by
humans today. Humans, like all organisms, are the result of evolutionary pressures, and
problems like disparities in health outcomes between populations can best be
understood with an evolutionary framework. The integration of humanistic studies, such
as the relationship between socioeconomic status and health, into this STEM framework
is integral for relevance and context for these questions. Initiatives designed to
specifically integrate humanities courses in STEM curricula are multifaceted, but they
include an emphasis on highlighting the “social relevance” of the materials (Busch-
Vishniac and Jarosz 2004). A curriculum that prepares students to ask and answer these
questions is inherently both anthropological and biological at its core, and an
interdisciplinary program of study must by definition address how these biological topics
are applied, contextualized, and relevant to humans.

While our study produced multiple results, some of which may be unexpected, we
understand the limitations and challenges still ahead. This dataset and analysis is the first
to directly address the diversity of our students’ anthropology and biology backgrounds
and to examine the effects of this diversity both within and between content units.
However, some questions remain unresolved. As human evolution courses attract
students with a wider diversity of backgrounds (i.e., majors in sociology, psychology, and
even engineering enroll in our course), we need to be even better prepared as faculty to
address the learning needs of these students. Active learning environments, where the
use of in-class assessment is used, are key to understanding this diversity and to evolving
our courses on-the-fly. For example, pairing formative assessments, which engage
students’ knowledge base before and during the delivery of new material, with
summative assessments, which evaluate students’ knowledge base after the material is
covered, can allow instructors to identify which students and what content needs further
attention.

We were able to dissect out how variation exists across multiple years and multiple
lecture and lab design structures; however, we now argue even more strongly that a
larger and more longitudinal dataset, possibly even across institutions, is needed to
answer additional questions. While we see significant differences within years within
units/majors, we want to examine whether these differences are linked to class size,
student demographics, and/or the influences of multiple instructors and teaching styles.
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In addition, a study that examines how students perform on “biology” and
“anthropology” unit content at both the introductory and advanced course levels would
be relevant to our conclusions. These additional studies would allow us to identify how
and where students acquire and apply prior background knowledge to general vs.
human-focused problems in evolutionary biology. The intention of this study was to
identify and assess trends in learning outcomes in the fields of biology and anthropology,
where evolution has long been taken for granted as a point of intersection. From a
broader perspective, as evolutionary biology becomes more integrated into many
disciplines in STEMM (i.e., Science, Technology, Engineering, Math, and Medicine), we
need empirical data to validate the success of this integration across more diverse fields.

Conclusions

Instead of different courses geared towards the individual disciplines of biology and
anthropology, an integrated biology and anthropology curriculum would better prepare
students in both majors for courses in human evolution. Biology majors may be
underprepared for thinking about humans as organisms of study, and given that
biological anthropology uses the tools, techniques, and methods of biological study to
uniquely ask questions about humans, anthropology majors are often not as scientifically
literate as they should be. We suggest a different approach: an integrative and
interdisciplinary curriculum that provides in-class active learning environments for
students to share knowledge from both disciplines and that integrates examples of
humans as organisms throughout all courses. This approach would likely produce
stronger students in each program of study by allowing students to understand not only
how humans are the product of evolution, but also why that knowledge is important to
broader questions about human origins, social and cultural diversity, and genetic and
infectious disease differences across populations. At the crux of this improvement is the
need for instructors to be better prepared to address the diversity of students’
backgrounds through the use of active learning environments that pair formative and
summative assessments to gauge students’ knowledge base. As degree programs and
entire science disciplines become more functionally interdisciplinary, we must expect a
more student-centric and adaptable curriculum to evolve.
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