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ABSTRACT

Instructors have inherited a model for conscientious instruction that suggests they must
cover all the material outlined in their syllabus, and yet this model frequently diverts time
away from allowing students to engage meaningfully with the content during class. We
outline the historical forces that may have conditioned this teacher-centered model as well
as the disciplinary pressures that inadvertently reward it. As a way to guide course revision
and move to a learner-centered teaching approach, we propose three evidence-based
strategies that instructors can adopt: 1) identify the core concepts and competencies for
your course; 2) create an organizing framework for the core concepts and competencies;
and 3) teach students how to learn in your discipline. We further outline examples of ac-
tions that instructors can incorporate to implement each of these strategies. We propose
that moving from a content-coverage approach to these learner-centered strategies will
help students better learn and retain information and apply it to new situations.

INTRODUCTION
Instructors in every field want to help their students comprehend the central tenets of
their disciplines. A major challenge of pedagogy is how to help students acquire the
knowledge, understanding, skills, and habits of mind that are characteristic of a field
of study. The most traditional approach is through lecture, a method originally devised
by medieval universities to communicate written content before the printing press was
invented (Friesen, 2011). Such guided instruction was seen as an efficient way to
organize and deliver pertinent information. Although today’s lectures have evolved
beyond continuous exposition to include some allowance for students’ questions and
for visual enhancement through the use of multimedia components, they have been
primarily driven and limited by the need to deliver content to students. Many instruc-
tors conceive of delivering or covering content as one of their primary responsibilities.
Barr and Tagg (1995) noted this phenomenon more than 20 years ago and identified
it as an unintended product of a misplaced sense of duty: “Under the Instruction Par-
adigm,” which continues to be persistent today, “the teacher’s job is to ‘cover the
material’ as outlined in the disciplinary syllabus” (pp. 19-20).

The coverage metaphor (that teaching primarily entails presenting information on
a series of topics) is aligned with a historical description of what it means to be a
teacher. It is a powerful, lasting idea that can be difficult to surmount and even to
frame as a problematic issue. This is the “tyranny of content,” or the perception that
covering content must take precedence in undergraduate courses. We use the term
“content” to refer to all of the material—often in the form of facts—that students are
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responsible for learning and mastery of which may be assessed.
When we refer to “coverage,” we mean all the mechanisms of
presenting content to students through lectures, slides, read-
ings, videos, and so on. The main impetus for this paper is the
idea that the drive to “cover content” presents a formidable bar-
rier to incorporating more learner-centered practices into
undergraduate courses in general and into science and biology
courses in particular. We will provide an account of where the
imperative to cover content comes from and why it is so per-
sistent. Building on this account, we will suggest strategies,
informed by higher education pedagogical research literature
and our experience as faculty teaching consultants and instruc-
tors, for helping instructors move beyond the need to cover con-
tent and toward an alternative vision of what good teaching is.

Background

During the past few decades, the traditional lecture has come
under increasing criticism as mounting evidence has confirmed
that most students learn better by engaging with content and
reflecting upon it, a method commonly referred to as “active
learning” (Hake, 1998; Prince, 2004; Knight and Wood, 2005;
Handelsman et al, 2007; Deslauriers et al, 2011, 2019;
Freeman et al., 2014). Additionally, research has begun to sug-
gest that active learning, as opposed to lectures focused on
delivering content, provides “disproportionate benefits for
STEM [science, technology, engineering, and mathematics] stu-
dents from disadvantaged backgrounds and for female students
in male-dominated fields” (Freeman et al., 2014, p. 8413) and
can reduce the gender performance gap (Lorenzo et al., 2006).

Conscientious instructors want to incorporate the most
effective pedagogical approaches into their teaching, but this is
often not a simple matter. In several exploratory studies,
instructors have identified barriers to implementing active
learning in their courses. Some of the challenges they identify
include a lack of time to prepare activities, a lack of training in
how to implement active learning efficiently and effectively, or
overly large class sizes that make active learning more challeng-
ing (Michael, 2007; Shadle et al., 2017; Ungar et al., 2018; Kim
et al., 2019). Shadle et al. (2017) noted other instructional
challenges that presented significant barriers to implementing
active learning, such as limitations of learning spaces, student
expectations about college lectures, and lack of class time. The
particular worry that there is not enough class time for active
learning due to the amount of material that needs to be covered
is a common challenge (Graffam, 2007). Yoshinobu and Jones
(2012) describe this as “the coverage issue,” which they define
as “the set of difficulties that arise in attempting to cover a
lengthy list of topics” (p. 303).

Interestingly, both faculty and students express this worry. In
one study, 65% of life science educators identified “time con-
straints due to the need to cover content” as a major barrier to
teaching science process skills to students (Coil et al., 2010).
Likewise, students reported that high among the challenges to
adopting active learning was a lack of class time to cover con-
tent (Michael, 2007; Miller and Metz, 2014; Tsang and Harris,
2016).

Michael (2007) notes the fear of a negative perception by
colleagues as another barrier that can push faculty toward a
content-coverage teaching approach. Brownell and Tanner
(2012) identify the reluctance of scientists to be perceived as
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reflective teachers, arising from restrictive conceptions of scien-
tific identity, as an additional factor blocking pedagogical
change.

Other barriers frequently noted are more systemic. Michael
(2007) describes the lack of faculty reward structures as an
obstacle for faculty who wish to use active learning or other
learner-centered approaches in their teaching. Bathgate et al.
(2019) also noted that the perceived lack of institutional and
systemic encouragement inhibited instructors from using
active-learning techniques. Their results suggest that increasing
faculty support could have a large impact on promoting learn-
er-centered teaching strategies. Institutional rewards for teach-
ing are beyond the scope of this paper, but many of the other
challenges can be addressed by providing instructors with sup-
port in developing new instructional materials, ideas for the
implementation of active learning, and empirical evidence
showing that active-learning techniques increase learning. To
help support faculty to move away from an exclusively con-
tent-coverage approach, we first need to understand why the
imperative for content coverage persists.

Why Do Instructors Feel the Need to Cover Content?

We encounter many instructors who feel the obligation to cover
content. But why is this the case? One possible source is the
burgeoning size of textbooks. As research continues to produce
more knowledge, this knowledge is incorporated into new edi-
tions of textbooks. Instructors may feel compelled to include all
of these topics in their already overloaded courses and perhaps
to justify the increasingly expensive textbooks. Another is the
persistence of disciplinary norms, which define what good
teaching looks like and what good teachers do, stemming from
both faculty and students. In disciplines where lecture is com-
mon, to do something other than lecturing is a risk, particularly
for pre-tenure faculty, who may feel they will be evaluated neg-
atively for teaching outside accepted norms.

A third source is institutional, with the perceived need to
cover particular content arising from a course’s place in a larger
curriculum. For example, if most or many students from Biol
101 go on to its successor course, Biol 102, and the material in
Biol 102 builds on Biol 101’s material, Biol 101 instructors fre-
quently feel obligated to expose students to the requisite con-
tent, often in the form of a collection of facts. This dynamic may
manifest itself in curricular reviews or comments from col-
leagues who insist that, for example, the structure of nucleo-
tides must be covered before students begin a unit on DNA rep-
lication. Professional admissions and licensing examinations as
well as accreditation processes sometimes provide a similar
prescription to cover content. This is particularly true for
requirements for professional programs in which accreditation
dictates much of the content of a course.

Even in a single, stand-alone course, instructors can feel a
duty to cover certain content that arises from their perceptions
of their field’s standards. For example, an instructor teaching
introductory biology for nonmajors might believe that his or her
students simply must not leave the course without being
exposed to the stages of mitosis, which he or she must therefore
cover. Even if expectations of content coverage are self-im-
posed, some faculty indicate that they lack the time to reevalu-
ate their courses to make decisions about content reduction
because of their busy schedules (Henderson and Dancy, 2007).
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Because the practice of content coverage has persisted,
despite its reported ineffectiveness compared with active learn-
ing, the American Association for the Advancement of Science
(AAAS, 2011) recommended an approach that focuses on core
concepts and competencies. This was identified as part of a
shared vision for undergraduate biology education in the Vision
and Change report. The report suggests that instructors should
“shift their focus from faculty-centered teaching to student-cen-
tered learning, and away from presenting all the facts (i.e., ‘cov-
ering the material’) toward clearly articulating expected stu-
dent learning outcomes and following the students’ progress in
achieving those outcomes” (AAAS, 2011, p22). More interac-
tive teaching strategies are recommended, but the authors
acknowledge that, in implementing these strategies, “faculty
cannot conceivably cover as much material, p26.” By advocat-
ing for fewer concepts presented in greater depth, the AAAS has
uncoupled the definition of an effective instructor from the idea
of content coverage. This shift aligns with the vast body of evi-
dence that supports active learning (Hake, 1998; Prince, 2004;
Knight and Wood, 2005; Handelsman et al., 2007; Deslauriers
etal., 2011, 2019; Freeman et al., 2014), but practically speak-
ing, it means that our conception of what it means to teach well
must also change.

We propose that moving instructors away from a focus on
coverage requires two steps. The first is replacing the goal of
coverage with the goal of student learning. Many if not all of the
considerations that motivate instructors to cover content are
entirely legitimate, including the need for students to “know” a
collection of facts. Students do need mastery of certain factual
content in order to support a complex conceptual understand-
ing that prepares them for successor courses. Some students
need adequate preparation for an admissions exam or for a pro-
fessional licensure exam. Central foundational ideas in a field
should be familiar to students completing certain courses. And
students must certainly be given the resources, opportunities,
and guidance necessary for mastering any material that is
assessed. But we argue that what is most important is student
learning, not what students were exposed to in a given class
(DiCarlo, 2009; Weimer, 2014; Monahan, 2015; Wankat and
Oreovicz, 2015). Indeed, just because a concept is mentioned or
covered in class does not mean students have learned it. We list
some of the attributes of a content-coverage approach in com-
parison to a learner-centered approach in Table 1.

Once the shift from content coverage to student learning is
made, instructors can move to the second step: understanding
how students learn and which strategies best promote student
learning. Much is known on this score, and the science of teach-

Tyranny of Content

ing and learning clearly tells us that covering content is not the
best way to help one’s students retain facts, core concepts, and
competencies and then be able to transfer and apply their con-
ceptual understanding to other situations (Hake, 1998; Prince,
2004; Handelsman et al., 2007; Deslauriers et al., 2011). More-
over, moving away from a focus on content coverage may pro-
mote equity in STEM education by supporting the learning of
traditionally underrepresented groups of students (Lorenzo
et al., 2006; Handelsman et al., 2007; Eddy and Hogan, 2014;
Freeman et al., 2014).

STRATEGIES TO MOVE AWAY FROM CONTENT
COVERAGE AS ATEACHING APPROACH

From our work as instructors and consulting with faculty, we
recommend a three-step process to shift one’s pedagogical focus
away from content coverage and toward a learner-centered
approach to teaching. These three steps rely on evidence-based
strategies that have been deemed effective by the faculty who
use them. Our experience suggests that these steps have the
greatest impact when implemented together, though we believe
that implementing only one or two could be beneficial for stu-
dent learning. To help students understand and master content
and to increase their ability to learn beyond the material that is
explicitly covered, an instructor should: 1) identify the core
concepts and competencies of a course; 2) create an organizing
framework for the core concepts and competencies; and
3) teach students how to learn in the discipline.

Identify the Core Concepts and Competencies

A necessary first step in moving away from content coverage is
to define the most important (core) concepts and competencies
for students to master. We define “concepts” as knowledge in
the form of ideas for which students must have a deep and last-
ing understanding and “competencies” as skills that students
must possess to appropriately apply concepts in new situations
(Table 1). These can then be used as criteria for curating the
content, assessments, and activities of a course (Cooper et al.,
2017). We use the word “curate” in the same sense that a
museum—rather than displaying all of the pieces in its collec-
tion—curates an exhibit by choosing the work most representa-
tive of a period or style to create an “experience” for the viewer.
In teaching, curating involves identifying what core concepts
and competencies are at the heart of what students should learn
deeply and be able to use. Identifying these will establish the
course focus, to which all course content should map, allowing
other less relevant content to fall away. Note that the idea of
core concepts is distinct from a list of topics or book chapters.

TABLE 1. Attributes of a content-coverage approach compared with a learner-centered approach to teaching

Content-coverage approach

* Course design is guided by a list of topics, often from textbook chapters.
* Primary pedagogy is to present information on a wide variety of topics, emphasizing breadth over depth.

e Class sessions deliver content to students.

* Assessments may include anything addressed in class sessions and homework.

Learner-centered approach

* Course design is guided by instructor-chosen core concepts and competencies.

* Primary pedagogy is to focus in depth on a few chosen topics related to core concepts and competencies.

* (Class sessions provide students with information and opportunities to engage with concepts and practice competencies.
e Assessments focus on concepts and competencies emphasized in the course.
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Core concepts are typically broader, threaded throughout much
of the course, and more inclusive of analytical and reasoning
skills. For example, “membrane transport” may be a topic from
a textbook, whereas a related core concept might be that a mol-
ecule’s movement across a cell membrane is affected by its size,
biochemical properties, and the electrochemical gradient.

Wiggins and McTighe (2005) and Fink (2013) recommend
the use of backward course design as a way to begin identifying
core concepts and competencies in the form of learning out-
comes, what students should know and be able to do at the end
of a course. These outcomes drive the choice of assessments
and activities for the course. Ultimately the outcomes, assess-
ments, and activities should be in alignment, such that class
activities prepare students for assessments that are designed to
provide evidence of attainment of outcomes (Wiggins and
McTighe, 2005; Handelsman et al., 2007; Fink, 2013).

Instructors can identify appropriate core concepts and com-
petencies by asking themselves: “Of all of the possible ideas and
skills I could include in my course, what are the most essential
that students should master by the end of the course?” This
requires instructors to prioritize concepts and competencies as
a means to decide which material to include or eliminate. This
curated collection of core concepts and competencies serves as
the course curricular foundation that all concepts, competen-
cies, and factual knowledge should map to and support. Exist-
ing and potential course content that does not support this cur-
ricular foundation can be eliminated.

Our experience as developers of teaching skill in faculty indi-
cates that many instructors have difficulty prioritizing, because
they believe all of their course material is important. Fortunately,
the Vision and Change report has already identified agreed-upon
core concepts and themes in biology (AAAS, 2011). These five
core concepts are: 1) evolution; 2) structure and function;
3) information flow, exchange, and storage; 4) pathways and
transformations of energy and matter; 5) systems. Instructors
are encouraged to select from these five concepts the one(s)
most suitable as a basis for teaching each course. Core concepts
have similarly been identified for undergraduate chemistry
(Murphy et al., 2012; Cooper et al., 2017), genetics (Smith and
Wood, 2016), and physiology (Michael et al., 2017).

Likewise, the Vision and Change report identifies six core
competencies, defined as relevant skills that students need to
develop in order to apply core concepts. These include the abil-
ity to 1) apply the process of science; 2) use quantitative rea-
soning; 3) use modeling and simulation; 4) tap into the inter-
disciplinary nature of science; 5) communicate and collaborate
with other disciplines; and 6) understand the relationship
between science and society. Together, these core concepts and
competencies in the Vision and Change report represent what an
undergraduate biology major should know and be able to do
upon completion of the curriculum—not in the course of one
semester (AAAS, 2011). In other words, the Vision and Change
report fully acknowledges that a single course cannot effec-
tively address all of these core concepts and competencies.

Brownell et al. (2014) have provided examples of applica-
tions of these core concepts and competencies appropriate for
three major subdisciplines of biology, each of which exemplifies
the core concepts and competencies in ways specific to the sub-
ject: 1) molecular, cellular, and developmental biology; 2) phys-
iology; and 3) ecology and evolutionary biology. For example,
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an ecology course may look at systems by examining the ways
that species’ abundance and distribution are limited by the
available resources. A physiology course may study systems by
focusing on the impact an “alteration of a single gene or mole-
cule in a signaling network may have at the cell, tissue, or
whole-organism level” (Brownell et al., 2014, p. 208). Selected
core concepts can then become a central course theme, ques-
tion, or problem and can help guide the selection of key course
examples. Individual examples are introduced and discussed
within the context of the system within which they function. In
the ecology class, examples may reflect the impact of climate
change on different plants and animals within an ecosystem. In
the physiology class, increased susceptibility to certain cancers
may reflect the impact of genetic mutations in key growth factor
genes.

The identification of core concepts anchors students in the
“big picture” while they are swimming in a sea of details. Con-
tent that consists of a series of unconnected facts can be over-
whelming, and many students accommodate this challenge by
turning to rote memorization, thus never integrating those facts
in a way that will allow them to retrieve and apply the material
in the future. Identifying core concepts and relating course
materials to those ideas will make it easier for students to trans-
fer knowledge and apply it later on (Connell et al., 2016; Coo-
per et al., 2017).

Identifying core competencies allows an instructor to offer
more opportunities for students to practice and receive feed-
back and better develop skills. As an example, one of the
authors (C.L.N.) uses the core concept “structure function” to
shape her physiology and pathophysiology courses. The specific
competency she wants her students to practice and learn is to
“predict how changes in structure lead to changes in function.”
Throughout the course, students practice predicting how
changes in various physical structures (due to genetics, environ-
ment, or injury) result in changes to that structure’s function,
whether of cells, tissues, organs, organ systems, or ultimately
the entire organism. This competency aligns with “applying the
process of science,” the first competency listed in the Vision and
Change report (AAAS, 2011). To assess this competency, stu-
dents are asked questions such as, “If there is a mutation that
affects the structure of hemoglobin in the blood so that it binds
oxygen less efficiently, what happens to the body’s ability to
take up oxygen? What organismal signs and symptoms would
you expect?”

Making these kinds of predictions requires not only familiar-
ity with the relationship between structure and function of a
molecule, cell, tissue, or organ, but also an understanding of
how that element functions within a larger system. It is precisely
this kind of competency that is difficult to acquire through an
exclusively content-coverage approach but can be readily prac-
ticed and learned through learner-centered teaching techniques
(Thompson et al., 2003). In this way, students can apply their
factual knowledge and their understanding of the logical order
of a process or system to make informed predictions about
changes in that system. With this core competency as a guide,
the instructor can focus on a few key examples to illustrate it and
avoid covering all of the possible molecules, cells, tissues, organs,
and systems that contribute to a disease state. Students can then
be taught how to apply this competency to the consideration of
molecules and systems that were not discussed in the class.
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In focusing a course on core concepts and competencies, the
instructor moves away from the goal of covering a breadth of
material in a shallow manner to having students engage with a
subset of material in more depth. Some instructors may fear
that student performance on formal assessments will be nega-
tively impacted by gaps in their factual knowledge. However,
studies indicate that this approach focusing on depth shows no
decrease in performance, but rather an improvement in many
cases (Schwartz et al., 2009; Luckie et al., 2012; Kogan and
Laursen, 2014; Connell et al., 2016). Luckie et al. (2012) have
shown in an introductory college biology laboratory course that
reducing the amount of factual content while providing stu-
dents with a thorough understanding of the remaining content
through increased inquiry learning resulted in improved perfor-
mance on standardized exams, even when the exams included
questions on content that had not been covered in class. Con-
nell et al. (2016) refer to a similar approach in a large-enroll-
ment biology course as “content unburdening.” They show that
“paring content down to specific learning targets” (p. 13)
resulted in improved student learning (Connell et al., 2016). In
math courses, Kogan and Laursen (2014) reported that stu-
dents who participated in inquiry-based learning sections,
where less material was covered than in traditionally taught
sections, displayed no negative effects on performance in later
math courses and, in some cases, outperformed students from
the traditional sections. A study by Schwartz et al. (2009) has
shown that better student performance in introductory college
science courses (biology, chemistry, and physics) is associated
with participation in high school science courses (biology,
chemistry, and physics) that address a few core topics in depth
rather than many topics. Additionally, they found that decreased
student performance in introductory college biology courses
correlates with participation in high school courses that focus
on covering a breadth of material.

In the following sections, we describe three different strate-
gies for identifying the key core concepts, competencies, and
discipline-specific habits of mind that students should take
away from a course, while reducing content that does not
directly support those goals: 1) identify the ideal course out-
come and connect the course material to it; 2) identify what is
relevant to students’ lives; and 3) identify the exemplars (repre-
sentative examples) for a category in your field. One, two, or all
three strategies could be used to define priorities to curate
course content. They share the common goal of a focus on stu-
dent learning rather than on covering content.

Identify the Ideal Course Outcome and Connect the Course
Material to It. To identify the ideal course outcome for students
in your course, Fink (2013) recommends asking “When the
course is over and it is now one or two years later, what would
you like to be true about students who have participated in your
course that is not true of others?” (p. 9). Other questions to ask
include: “What key information, ideas, or perspectives are
important for students to understand?,” “What important com-
petencies do students need to develop?,” “What connections
among ideas should students recognize and make?,” and “What
are the big questions in your field?” (Bain, 2004; Wiggins and
McTighe, 2005). These core ideas are also shaped by such situ-
ational factors of a course (Fink, 2013) as preparing students
for the next course in a series or meeting the required depart-
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ment, college, or institutional standards. For instance, a physi-
ology class may have as its ideal outcome that students learn
that structure determines function, whether dealing with
organs and organ systems or molecules and cells. According to
Fink (2013), identifying an overall ideal course outcome pro-
vides the direction and scope to shape the entire course. Identi-
fying core course concepts has been a foundational strategy for
curricular design in the work of the authors. Feedback we have
collected over the years from workshops, seminars, and individ-
ual faculty consultations indicates that instructors find this
practice a useful way to determine course priorities and an aid
in the identification of appropriate assessments and class activ-
ities aligned with those priorities.

Identify What Is Relevant to Students’ Lives. Relevance could
relate to the next course in a series, application to a professional
school, or students’ lives as members of society beyond your
course (Chamany et al., 2008). To help identify these, ask your-
self, “What timely subjects in the media could I link to course
content? Can I identify examples that directly relate to the
health and well-being of students or their families?” The goal is
to develop enduring understanding of core concepts by moti-
vating student interest in them. One way to accomplish this is
to explain to students why your core concepts are relevant to
them. For example, the transformation of energy and matter in
the form of plant photosynthesis can be made relevant to stu-
dents by pointing out that this process is the most important
source of oxygen in our atmosphere. In one introductory biol-
ogy course, student teams work on a genetic engineering pro-
posal to address a societal problem of their choosing, which is
then presented at an end-of-term poster session. Throughout
the term, course material is related to required components of
the poster, which include addressing societal need and the eth-
ical considerations of the proposed project. The quality of the
final products provides the instructors with evidence of the
effectiveness of this approach (Wick et al., 2013). Feedback
from instructors who have successfully developed their course
content around themes relevant to students’ lives have reported
that it also helps them better focus and integrate their course
material with their assessments and classroom activities. Insti-
tutions with programs that highlight the relevance of biology to
students’ everyday lives have seen increases in STEM gradua-
tion rates (Chamany et al., 2008).

Identify the Exemplars for a Category in Your Field. An
exemplar is a representative example chosen from a broader
collection of possible examples to highlight key distinguishing
features. For instance, in a genetics course, among all known
mutations that lead to disease, two or three could be chosen to
act as exemplars. Focusing on these exemplars rather than the
full range of diseases and conditions is part of a strategy to
develop deep conceptual understanding using these critical
examples as a means to facilitate comparison and categoriza-
tion of new examples. Students can use the exemplar condition
to compare and contrast with other conditions (Bordage, 2007).
For instance, a genetics class could focus on sickle cell anemia,
Down syndrome, and hereditary breast cancer to serve as exem-
plars of disease states caused by a point mutation leading to a
single amino acid change in a protein, an error in meiosis lead-
ing to the presence of an extra chromosome, and a combination
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of a genetic change and environmental effects, respectively
(Mukerjee, 2016; Simonds et al., 2016). These exemplars can
help students to develop conceptual understandings of muta-
tion, gene expression, and cancer that can provide frameworks
to categorize and compare and contrast other genetic disorders.

Create an Organizing Framework for the Core Concepts
and Competencies

After identifying core concepts and competencies to help
curate course material, an instructor should develop an orga-
nizing framework for the material to help students learn in a
way that aids in long-term retention. Visual graphic and
semantic organizers have been shown to positively influence
cognitive processing and improve student learning (Brown,
2014; McCrudden and Rapp, 2017; Colliot and Jamet, 2018).
By focusing on organizing core concepts into a framework, we
are not suggesting that facts no longer need to be learned, or
even memorized; indeed, students must have a foundation of
basic knowledge to draw upon in order to work with and
apply the core concepts and competencies. We are suggesting,
rather, that students must also understand that basic knowl-
edge and facts fit into a larger framework of interconnected
principles or ideas that can be used to provide them with
context.

As experts, instructors typically have a clear sense of how
various parts of a course fit together and how these elements fit
into a larger structure within the discipline. Experts also use
general models or frameworks to organize and make sense of
the content in their disciplines and to integrate new knowledge
from research into those models. As novices to the discipline,
students necessarily lack these structures. Intentionally provid-
ing a visual representation of an organizing framework that
indicates how the core concepts and competencies fit together
can help students to better organize and connect their learning
(Ambrose et al., 2010; Brown, 2014; McCrudden and Rapp,
2017).

Development and use of a course-organizing framework
helps students incorporate new information, and transfer prior
learning and skills to new situations. Such a framework not
only provides students with a tool to manage the learning of
new material within the overall conceptual structure of the
course and subject, but also helps students think like profes-
sional biologists who use models and frameworks. New topics
no longer stand alone as silos of information to memorize but
rather become part of an interconnected web of information
that maps to core ideas (National Research Council, 2001;
Cooper et al., 2017). The use of instructor-created visual orga-
nizing frameworks has been shown to improve students’ learn-
ing (Colliot and Jamet, 2018). A course-organizing framework
could take a number of forms (Eppler, 2006; Ambrose et al.,
2010; Murphy et al., 2012; Cooper et al., 2017; Michael et al.,
2017), some of which are described in the following sections.

Biological Relationships or Cycles. A visual image can serve
as an organizing framework that shows how the major themes
of the course are interrelated (Eppler, 2006). For instance, one
of the core concepts identified for physiology is homeostasis
(the ability of an organism to maintain a relatively stable inter-
nal environment in the face of a changing external environment
and varying internal activity; McFarland et al., 2016). Figure 1A
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is a visual organizing framework representing the key common
elements of a physiological cycle adapted from Modell et al.
(2015) to support learning of neural regulatory homeostasis.
Figure 1B shows a sample framework illustrating regulation of
arterial CO,, but it can also be applied to many homeostatic
processes in multiple different systems within an organism. For
example, students can focus on sensors when learning about
somatic and special senses, the afferent pathway when learning
about sensory nerves, the control center when learning about
the central nervous system, the efferent pathway when learning
about somatic and autonomic motor nerves, and the effectors
when learning about muscles and glands. By referring to this
figure when studying various aspects of anatomy and physiol-
ogy, students no longer see regulation of each individual organ
system as a stand-alone topic to memorize but understand that
common homeostatic mechanisms underlie them all. One of us
(C.L.N.) uses a similar reflex-response framework in her physi-
ology and pathophysiology classes, and student feedback indi-
cates this concept framework is helpful for their learning in the
course.

Biological Hierarchies and Pathways. An organizing frame-
work can also represent the concept of biological hierarchies
and pathways related to core concepts, as shown in Figure 2.
This diagram is an organizing framework for a pharmacology
course focusing on the synapse. This framework indicates that
synapses associated with different types of neurotransmitters
share many common processes that contribute to neuronal sig-
naling pathways that are part of larger hierarchical biological
systems. For example, in a unit on dopamine synapses, a drug
that increases dopamine release and a drug that activates post-
synaptic dopamine receptors might be predicted to have similar
effects at the synapse level, in neural signaling pathways, and in
a patient with Parkinson’s disease. Organizing information in
this way enables students to predict the effect of drug interac-
tion on synaptic output rather than simply memorizing a long
list of drugs and drug targets that may soon be forgotten after
the course is over.

Faculty with whom we have worked who use organizing
frameworks to illustrate hierarchies and pathways have shared
that the use of such frameworks helped students connect core
concepts and competencies in meaningful ways. An additional
benefit that has been shared with us is that the creation of these
frameworks helps instructors make decisions about assessments
and activities to use in their courses.

Narrative. Another type of organizing framework can take the
form of a narrative arc or story related to the core ideas of
course material, perhaps beginning with a central question in
the field. Throughout the course, students can be brought back
to this primary question, reminded of the value or interest in
discovering the answer to that question, and asked to update
the current answer based on the material of the course so far
and then to refine the question for the next portion of the
course. For example, the primary question of a particular global
health and ecology class is “How can we feed the world without
destroying it?” Meaning, how can the human population be fed
without destroying global natural environments? The course
material is framed as possible answers to the question as stu-
dents explore global food insecurities and methods of addressing
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FIGURE 1. (A) This is a simplified visual representation of organismal neural regulatory
homeostasis adapted from Modell et al. (2015) and can be used as an organizing frame-
work for teaching physiology. The key common elements of homeostasis are included.
Here, a sensor is a structure that includes a sensory receptor that monitors the internal
environment and sends information to a control center (aka “integrator”). When the
regulated variable moves away from its set point, the control center sends a signal to an
effector(s) that returns the regulated variable to its set point. This simplified framework
can be modified to describe homeostatic processes in multiple different systems within an
organism. (B) An example of application of the framework to a specific regulated variable:
arterial CO,,. Arterial CO, will increase when a subject holds his or her breath. This is
measured by sensors, which in this case are carotid and aortic chemoreceptors. The
control center (the brainstem) receives this message and sends a message to the effectors
(the diaphragm and respiratory muscles) to increase breathing frequency, thus returning

the regulated variable (arterial CO,) to its normal set point.

them, along with the environmental impacts of various
agricultural and livestock practices. In this way, students under-
stand that there is no one right answer to the question and that
evaluating different options will require considering both
aspects of the question. We have seen this work well in courses
with big picture problem-solving approaches that require view-
ing from multiple angles. As mentioned previously, a central
question with high relevance to students’ lives can also help
increase student motivation.

Using an Organizing Framework. Regardless of its form, once
an organizing framework has been developed there are various
ways it can be used to promote student learning. A framework
can be used as:

* an advance organizer given at the beginning of each week or
class session to indicate how the content or skills being
taught fit into the broader framework of the course as a
whole;
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Discipline

A third crucial aspect of changing one’s

Change ;
Breathing course (after curating the content to focus
Frequency & on core concepts and competencies and
Tidal Volume creating an organizing framework) is help-

ing students develop the skills they need to
monitor and direct their learning in your
discipline. Teaching students “how to
learn” allows them to continue to appro-
priately assimilate new information,
including material that was not explicitly
mentioned in class. These lifelong learning
skills allow students to transfer course
core concepts to new situations (Ambrose
et al., 2010). Learning how to learn also
provides students with the ability to incor-
porate new competencies into an existing
organizing framework as they progress in
their studies after your course is over.

Learning how to learn is a broad cate-
gory that encompasses different levels of
student responsibility for their learning.
This includes providing students with the
skills they need to locate and evaluate
credible resources such as primary research articles and publicly
available data repositories. One approach is simply sharing the
periodical databases and search terms you use for finding infor-
mation on an unfamiliar topic. Developing this skill allows stu-
dents to gather information independently from you and from
the course texts.

Learning how to learn also includes teaching students meta-
cognitive strategies that ask them to be aware of and analyze
how they learn. While encompassing many information- pro-
cessing activities, metacognition is understood to consist of
“reflecting on and directing one’s own thinking” (Ambrose et al.,
2010, p. 190). Explicitly drawing attention to the importance of
metacognition is a good way to help students become aware of
their own learning process. Students who use metacognitive
strategies improve their learning efficiency, both in and beyond
the classroom setting, while increasing their ability to learn
independently (Hacker et al., 2009; Ambrose et al., 2010; Luckie
et al., 2012; Cook et al., 2013; Wilson and Conyers, 2016).
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FIGURE 2. This visual framework is for a Pharmacology of the Synapse course designed to
show the effects of drug binding on different synaptic processes. This figure emphasizes
that: 1) synapses share many common neurotransmitter-related processes with which
drugs can interact and 2) changes in those processes contribute to neural pathways that
are part of larger hierarchical biological systems. The central circle (“Synapse”) represents
the physical structure of a generic synapse, which comprises a presynaptic neuron, a post-
synaptic neuron or other cell type, and the synaptic cleft, the space between them. The
square within the synapse represents the common neurotransmitter-related processes of
synthesis, storage, release, receptor binding, and signal termination that are shared by
different synapse types. The upper rectangle (“Neural Pathways") indicates different
biological hierarchical levels at which synapses influence the physiology and behavior of
organisms. The lower rectangular boxes (“Drugs” and “Disease”) indicate that drugs and
disease affect neurotransmitter processes by interacting with different molecular targets
within the synapse, thus modifying (activating or inhibiting) synaptic output. This
framework helps learners in this course classify and organize information about how
drugs affect neurotransmitter processes, synapses, and hierarchical levels from pathways

to organisms.

Instructors can choose the types of learning skills appropri-
ate for their material and course objectives. We discuss in the
following sections some approaches you can use to help stu-
dents learn how to learn. You could incorporate any or all of
these into your course.

Make Learning How to Learn Part of Your Curriculum. By
informing students that one of your goals for them is to learn
how to learn in your discipline, you demonstrate that you value
this as an important competency. Explicitly teaching students
how to learn is part of the process of training students to think
like a biologist (Tanner, 2012; Couch et al., 2015). You could
create an assignment asking students to evaluate a number of
different sources based on a set of criteria that you provide. This
helps students develop the competencies to evaluate sources of
information so that they can make informed decisions about
new resources. You can discuss and recommend evidence-based
study approaches, such as self-testing, spaced practice, inter-
leaved practice (students mix or interleave multiple topics when
they study), and elaborative rehearsal (students make an associ-
ation between the new information being learned with what
they already know; Cook et al., 2013; Dunlosky et al., 2013;
McGuire, 2015). These approaches would help students learn
and better retain what they have learned. McGuire (2015) out-
lines an approach to guide this discussion with students that can
be easily adapted for biology courses. After exams and quizzes,
you can ask students to actively reflect on the effectiveness of
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through the use of exam wrappers and
guiding questions (Ambrose et al., 2010;
Tanner, 2012). All of these activities are
designed to help student performance in
your course, but also in future biology
courses and beyond. Luckie et al. (2012)
approached incorporating learning how to
learn in a biology course by reducing
course content and replacing it with explicit
opportunities to develop competencies
related to learning and found that students
achieved better learning outcomes.
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Model Your Own Metacognitive Prac-
tices. A challenge for instructors is that,
as experts, we have a clear sense of how
the elements of a course fit together and
into the discipline, but it can be difficult
for us to recall what it was like to think
like a novice. This is sometimes referred to
as “expert blind spot” (Wiggins and
McTighe, 2005; Ambrose et al., 2010).
Expert blind spot may position an instruc-
tor to not notice areas where students get
confused. One way to address expert blind
spot is to make explicit your own
approaches to solving challenges that stu-
dents are likely to encounter during their
studies (Tanner, 2012). “Thinking aloud”
is an approach instructors can use to
model expert cognitive skills. When
instructors articulate their thinking pro-
cess to students in response to a question, procedure, case,
issue, or problem, they model critical-thinking and prob-
lem-solving skills. Students can practice similar thought pro-
cesses with partially worked examples and different cases in
new situations, while being provided with feedback on their
efforts. For instance, what steps (and in which order) would
you, the expert, take to classify an unknown plant species
(Thyagharajan and Raji, 2018)? Likewise, if an instructor does
not know the answer to a student’s question, he or she could
list Internet search terms that could be used to find related
information. The instructor could also have students use their
personal electronic devices in class to search with these terms
or ask for their own terms and then have a discussion about
which search terms provided the best resources. The use of an
organizing framework, described earlier, is another way in
which instructors can make their cognitive skills explicit. Evi-
dence we have gathered from student feedback on instructor
strengths indicates that many students appreciate how their
instructors walk them through how to approach a problem or
point out areas in the process where it is easy to get lost or
confused.

Have Students Focus on the Problem-Solving Process,
rather than Just the Correct Answer. An important aspect
of biology education is to learn how to design approaches to
address questions and hypotheses. Teach students the basic
elements of experimental design, including the use of
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negative and positive controls, instrument calibration, and
the use of standard curves. As in think-aloud exercises, stu-
dents can answer questions and solve problems using self-ex-
planations (the process of describing thinking and decision
making) individually or with peers. When discussing experi-
mental approaches described in the literature, students can
be asked whether other ways of proceeding could address the
same question. Ask students what approach could be used to
address unanswered questions in the field. This helps build a
general organizational pattern of the experimental approach,
which helps novices form a foundation of understanding that
leads toward expertise and mastery (Tanner, 2012; Hoskinson
et al., 2013). These teaching approaches also provide stu-
dents with experience in applying the scientific process,
which is a core competency proposed in Vision and Change
(AAAS, 2011).

For example, in the introductory biology course in which
student teams work on genetic engineering proposals, the stu-
dents do not actually perform the genetic manipulations.
Rather, they describe the need for the project and propose how
the genetic manipulations would be done, including the pro-
posed gene editing and transgenic organism selection and
screening processes (Wick et al., 2013).

CONCLUSION

In this paper, we have focused on the idea of content coverage
as a barrier to incorporating evidence-based, learner-centered
approaches to teaching. We have described the history of con-
tent coverage as a teaching approach and the barriers to mov-
ing away from content coverage. We have proposed a three-
step process that will help faculty switch from a default teaching
goal of covering content to a learner-centered approach focused
on core concepts and competencies that students need to learn.
We encourage instructors to view content as a collection of con-
cepts, competencies, and facts to be deliberately selected rather
than a list of topics to be covered. By situating core concepts
and competencies within an organizing framework and teach-
ing students how to learn in their disciplines, faculty can orga-
nize material in ways more compatible with active learning and
other evidence-based teaching approaches.

Although adoption of these strategies will not remove all of
the barriers related to content coverage (e.g., faculty incentives,
disciplinary teaching norms), we believe that these strategies
represent important steps that must be taken for effective
change. The instructors with whom we work often describe a
feeling of relief when they recognize the advantages of moving
away from covering a breadth of content and moving toward
curating content so students can learn more deeply. In this way,
instructors can be freed from the tyranny of content coverage to
teach with strategies that result in deeper and longer-lasting
learning for all students.
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