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Incorporating core concepts into
an undergraduate neuroscience
program in a resource-restricted
environment

Adam M. Stocker'* and Chad S. Duncan?
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Recently, community-derived core concepts for neuroscience higher
education were developed and published. These core concepts can serve
as a valuable resource to ensure that a neuroscience-based educational
program is not only concept-focused but also addresses the call for reform
of higher education, as noted in the vision and change report. The number of
undergraduate neuroscience programs is expanding throughout the nation,
but unfortunately, the existing blueprints to design and launch such programs
do not incorporate these core concepts. Furthermore, unpacking these core
concepts in a resource-limited setting is logistically challenging. We reflected
on the coverage of these core concepts within our existing neuroscience
minor at a medium-sized, primarily residential, high undergraduate, public
4-year institution. In addition to assessing the number of community-derived
core concepts addressed in our courses, our reflection discusses strategies for
addressing challenges associated with (1) a departmental home for the program,
(2) a meaningful student experience with limited resources, and (3) growing
and developing the program into a minor, or from a minor into a major. These
strategies may provide a roadmap for other institutions to launch or grow their
own neuroscience program.

KEYWORDS
pedagogy, primarily undergraduate institutions (PUls), curriculum development,

interdisciplinary collaboration, biological principles, post-secondary education, STEM
education, curriculum assessment

1 Introduction: background and rationale

Neuroscience major enrollment has been growing consistently since it was initially
assessed compared to the most recent data collection (Ramos et al., 2011; Rochon et al., 2019).
However, recommendations from authors and the Society for Neuroscience and the Faculty
for Undergraduate Neuroscience (FUN) have largely focused on core competencies for post-
secondary neuroscience education and have culminated in revised and re-revised blueprints
for getting started (Wiertelak and Ramirez, 2008; Kerchner et al., 2012; Wiertelak et al., 2018),
as well as essential principles for primary and secondary education (BrainFacts.org; Ramirez,
2020). Absent from these recommendations was a set of core concepts for post-secondary
neuroscience education that can serve as guidelines describing the integral aspects all students
should comprehend.
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A number of stakeholders collaborated to generate Neuroscience
core concepts with input from a variety of educators from diverse
institution types, as well as national and working group surveys (Chen
et al., 2023). For ease of reference, we have briefly summarized these
core concepts below (Table 1). The current article supplements the
existing blueprints and illustrates the challenges and successes of
incorporating such core concepts into a functional
neuroscience program.

When examining these core concepts, what becomes clear is that
several of them are moored in a foundation of biological principles.
This is not particularly surprising given the interdisciplinary nature of
neuroscience and neuroscience research. However, this foundation
might serve as a barrier to implementation for a notable number of
institutions, particularly those where a neuroscience major and/or
minor is not offered by a separate neuroscience department or from a
biology department.

When initially assessed in 2011, Primarily Undergraduate
Institutions (PUIs) comprised 26 of the 111 institutions offering a
neuroscience minor (Ramos et al., 2011). By 2019, when a similar
assessment was performed, 43 of the 221 institutions were PUIs
(Rochon et al.,, 2019). This demonstrates that the proportion of
neuroscience programs offered by PUIs has remained relatively
consistent as the total number of programs nearly doubled over a
decade. It is important to note that all the analyses done by Ramos
etal. (2011) over the years view and analyze neuroscience programs
as an offshoot of a life science offering rather than one from
psychology. The authors indicate that offerings related to a psychology
department (e.g., biopsychology, cognitive science) are viewed as
related to neuroscience (Ramos et al., 2011). This decision in and of
itself indicates that many within the field view neuroscience as more
of a biological discipline than a psychological discipline. We mention
this not to debate the specific point but rather to highlight that a
number of institutions will have more barriers to implementing these
core concepts and will likely require investment from both faculty
and administrators.

It is also necessary to place these programmatic challenges in the
context of enrollment trends in higher education. Unfortunately,
neuroscience majors are not included in national enrollment analysis,
but both biology and psychology are consistently represented.

Although overall enrollments are trending downward, the slope of
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that downward direction is decreasing as we exit the pandemic (Berg
et al,, 2023). However, the number of students who are majoring in
biology or biomedical sciences is decreasing, while the number of
students who are majoring in psychology is increasing (Berg et al.,
2023). If these trends continue, the number of psychology students
will overtake the number of biology students in the coming years
(Berg et al., 2023). These trends offer an opportunity for growth as
both pools represent the majority of students who may enroll in
neuroscience courses or become a neuroscience major (or minor or
double major). This also suggests that recognizing and addressing the
disparity in biological and psychological underpinnings of these core
concepts will likely prove beneficial for most institutions, not just
smaller and/or undergraduate-focused institutions.

Several core concepts are quite difficult to explore in any
meaningful depth in courses typically offered by a psychology
department. Please note that this likely excludes a joint psychology
and neuroscience department, provided at least some of the
neuroscience faculty utilize more biological approaches in their
training, research, and teaching. Due to the composition of many
undergraduate-focused institutions, some will offer a neuroscience
curriculum situated within a psychology department. Given that a
significant number of students interested in pursuing neuroscience
attend a PUI, be it a small liberal arts college (SLAC) or public
institution, it is in the interests of all stakeholders to find a suitable
means for all institutions to teach these core concepts to
enrolled students.

2 Institutional framework

We will use our own institution as an example, noting that each
institution will have its own unique set of challenges and advantages.
Our institution, Minnesota State University Moorhead (MSUM), is
located in Moorhead, Minnesota, near the North Dakota border and
the city of Fargo. According to the Carnegie classification system,
MSUM is a medium-sized, primarily residential, high undergraduate,
public four-year institution.

Within our institution, there are two primary neuroscientists, one
in the psychology department and one in the biology department.
These two faculty members teach the foundational curriculum of the

TABLE 1 A brief summary of the community-derived Neuroscience core concepts from Chen et al. (2023).

Name Brief overview

1. Communication modalities

Nervous systems encode and transmit information in various modalities

2. Emergence

Nervous system functions are constructed from the combined interactions of smaller constituent components

3. Evolution

backgrounds

The similarities and differences in nervous systems between organisms are constrained and defined by their evolutionary

4. Gene-environment interactions

factors

Unique patterns of gene expression underlie the organization and function of a nervous system and are altered by environmental

5. Information processing

performed by the unit

Outputs from a unit in the nervous system depend on the inputs it receives as well as information filtering and modulation

6. Nervous system functions

homeostatic regulation

Nervous systems function to coordinate survival responses to the environment, permit behavior in a timely manner, and maintain

7. Plasticity

Nervous systems reorganize their structure, function, and connections in response to experience

8. Structure—function relationship

Structure permits and constrains nervous system function, and function shapes structure
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TABLE 2 An snapshot of the current neuroscience minor at Minnesota State University Moorhead (MSUM), Moorhead, MN.

Educational core and classes Core concepts addressed

Neuroscience core coursework (All courses required) 1 2 3 4 5 6 7 8
Introduction to neuroscience X X X X X X
Psychological neuroscience X X X X X X
Biological neuroscience X X X X X X X X

Biology core coursework (1 course required) 1 2 3 4 5 6 7 8
Animal behavior X X X
Cellular physiology X X X X X X X X

Psychology core coursework (1 course required) 1 2 3 4 5 6 7 8
Cognitive psychology X X X X X
Perceptual psychology X X X X X

General electives—Students must enroll in 2 courses 1 2 3 4 5 6 7 8
Animal behavior X X X
Alcohol and drug abuse X X X X
Cellular physiology X X X X X X
Cognitive psychology X X X X X
Genetics X X X
Perceptual psychology X X X X X
Developmental biology X X X
Biochemistry I X
Abnormal psychology X X
Developmental psychology X X X X X
Learning and memory X X X X X

Names of the courses have been generalized in hopes of best conveying the type of course offered. The core concepts have been abbreviated further into numbers; (1) Communication
modalities, (2) Emergence, (3) Evolution, (4) Gene-environment interactions, (5) Information processing, (6) Nervous system functions, (7) Plasticity, (8) Structure-function relationship.

neuroscience minor offered. The minor at MSUM includes a three-
course core, as well as restricted electives situated in each discipline;
see Table 2 for an overview. These two faculty members are the only
members of their respective departments with the expertise
appropriate to teach the core neuroscience courses. However, other
departmental faculty are capable of teaching the restricted elective
courses and do so as institutional and departmental needs necessitate.

Due to the limitations in the number and diversity of courses, a
minor would be expected to lack the depth of exploration of each core
concept in comparison to a neuroscience major. Although limited, this
may be an appropriate offering for a smaller institution with limited
resources. However, as the interest in neuroscience grows, these
deficiencies must be addressed to potentially transition our offering
from a minor to a major. The process of mapping the concepts allowed
us to identify which of the core concepts received the least attention.
Within the required courses of the minor, the biological neuroscience
course addressed all eight concepts to some degree. The introductory
neuroscience course and the psychological neuroscience course did
not address all of the core concepts, as they each only superficially
addressed the core concept of Evolution and did not address the
concepts of Gene-Environment Interactions or Structure-
Function Relationships.

During further analysis of the restricted electives and other
available electives within our own modest neuroscience minor, it
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became clear that the concepts of Evolution and Gene-Environment
Interactions were not addressed in any meaningful depth within
offerings from the psychology department. The Structure-Function
Relationship concept is well-addressed at the circuit level but not at all
at the cellular and molecular levels within psychology department
courses. The reality is that none of the faculty currently in the MSUM
psychology department have the requisite expertise to address these
concepts. Furthermore, it is unreasonable to assume that a faculty
member appropriately trained to teach non-neuroscience curriculum
within a psychology department would possess the expertise to
address these concepts. Quite simply, these are concepts rooted deeply
in a different discipline (or disciplines): biology and/or biochemistry.

The analysis of our institution suggests that it is not possible to
address all of the core concepts of neuroscience without a collaboration
between scientific disciplines. Even if there are multiple qualified
individuals to instruct various neuroscience courses from the
psychology department, they will still require investment from at least
one biology or biochemistry faculty member.

When beginning at a smaller curricular scale with a neuroscience
minor, it is easier to gain sufficient coverage of the neuroscience core
concepts. For an institution that does not possess a biology faculty
member with a neuroscience background and/or interest, developing
a neuroscience minor might be the current possible ceiling. Even with
a biology faculty member contributing to a neuroscience minor
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curriculum, it may not be feasible to progress from a minor to a major.
Fortunately, post-graduate destinations, even neuroscience doctoral
programs, do not require students to obtain an undergraduate degree
in neuroscience. Thus, offering a minor in neuroscience provides a
means for interested students to gain some relevant exposure at the
undergraduate level.

As some programs progress, they may have the opportunity to
expand from offering a neuroscience minor to a major. If the minor is
housed solely or primarily within a psychology department, biology
courses will need to be incorporated to address all of the neuroscience
core concepts adequately. Analysis of our own minor yielded some
possible solutions in our current composition, with substantial
caveats. There are several biology courses, such as developmental
biology and cellular physiology, that provide more exploration of the
concepts of Evolution, Gene-Environment Interactions, and
Structure-Function Relationships. However, at our institution, these
are upper-division courses that possess substantial pre-requisite
coursework (general biology courses, general chemistry courses, and
genetics). The specific pre-requisite coursework will likely differ
between institutions, but the aforementioned courses are typically
upper-division courses that require completion of other biology
courses prior to enrolling. These pre-requisite courses comprise
hidden work for students that can add nearly the equivalent of a
biology minor for a psychology major pursuing a neuroscience minor.
Anecdotally, we have observed that the students majoring in
psychology and minoring in neuroscience at MSUM do not enroll in
developmental biology or cellular physiology. Informal conversations
with these students revealed that the reasons they avoided these
courses were the pre-required coursework and the general unease with
the subject matter.

MSUM currently does not possess enough faculty with
neuroscience expertise to grow our program from a minor to a major.
It is possible to increase the coverage of these core concepts within our
minor, but we have not implemented any changes as of yet. The
inclusion of a required course such as developmental biology (which
is currently an elective within the minor) would likely make the minor
more appealing to biology majors while simultaneously deterring
psychology majors. Given that psychology majors comprise nearly
70% of our current program, this change would likely negatively
impact overall enrollment. We are currently determining which
courses could be modified to maximize efficiency and help ensure that
the student load remains manageable.

3 Solutions for resource limitations

Although institutions with graduate programs are not immune to
cost concerns, PUIs are more likely to have financial constraints on
the experiences they can provide. These financial constraints can limit
the quantity, frequency, and/or depth of innovations that can
be introduced within a curriculum. For example, if a neuroscience
program has only a few associated faculty members, each may choose
to implement major changes to a single course at a time, as teaching
loads may restrict their ability to enact changes across every course
they teach simultaneously. Faculty interested in developing
neuroscience courses and those attempting to assemble their current
offerings into a minor may benefit from affordable approaches to
covering the neuroscience core concepts.
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One cost-effective approach to exploring these core concepts is to
utilize a series of classic published papers (Harrington et al., 2015).
This approach can be molded to fit with a variety of knowledge levels
and specific course learning objectives. For a specific example, there
is a four-paper series exploring the initial discovery of voltage-gated
potassium channel sequence and characterization (Kamb et al., 1987;
Tempel et al., 1987; Wei et al., 1990; Zhou et al., 2001) that could serve
as a means to explore Structure and Function Relationships, Evolution,
Communication Modalities, and Nervous System Functions
(Harrington et al., 2015). There are a number of approaches that could
be utilized to explore primary literature, and one evidence-based
approach that might prove useful is the CREATE method (Consider,
Read, Elucidate hypotheses, Analyze and interpret the data, and Think
of the next Experiment) (Hoskins et al., 2007). The CREATE method
slows the pace at which students are expected to digest the paper and
digs into the minutia of the publications through a number of active
learning approaches to help the students comprehend all of the
individual components, and typically involves exploring four
publications from the same laboratory through the duration of the
course (Hoskins et al., 2011). This approach has been utilized
successfully in both upper-division and introductory offerings
(Gottesman and Hoskins, 2013). The approach has also been truncated
and modified to be a component of an existing course rather than the
sole focus, and success has been found in that format (Lo et al., 2020).
The CREATE approach has also been truncated and incorporated into
a large enrollment general education course as a successful means of
increasing student persistence and completion (Bodnar et al.,, 2016).

Primary literature has been utilized with case studies to help keep
all students interested, as students not on research paths tend to have less
engagement with primary literature (O’Keeffe and McCarthy, 2017).
Cook-Snyder (2017) effectively utilized case studies to reinforce and
deepen student comprehension following more traditional lecture-based
content. Willard and Brasier (2014) replaced a traditional textbook with
primary literature in an introductory course and found increases in
enthusiasm and confidence for their students. Other potential
approaches could incorporate some evidence-based practices in
conjunction with exploring primary literature. For example, annotating
and transforming data was demonstrated to help deepen comprehension
(Pugh-Bernard and Kenyon, 2021). There are several other approaches
to exploring primary literature, including the jigsaw collaborative
learning approach and humanizing literature, that could be incorporated
into a course (Hartman et al., 2017). Although the implementation of
these approaches varies with respect to the time and effort required from
the faculty member, they offer a means to explore difficult concepts at a
low financial cost across a variety of educational levels.

A cost-effective approach to exploring Structure and Function
Relationships could include 3D printing biomolecules. Given the size of
biomolecules, it can sometimes be difficult for students to conceptualize
the Structure and Function Relationships between them, and simply
providing accurate, tangible models can assist with comprehension and
retention (Herman et al., 2006; Jittivadhna et al., 2010). Guides to
produce models of surprisingly complex protein structures utilizing 3D
printing are readily available and would represent reasonable one-time
costs for repeated usage (Da Veiga Beltrame et al., 2017).

These cost-effective approaches offer strategies that could
be employed in existing courses to add more comprehensive coverage
of one or more core concepts or allow for the creation of a new
neuroscience course. Increasing the coverage of core concepts could
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then potentially facilitate establishing or enhancing a neuroscience
minor. We are implementing a truncated CREATE approach to expand
the coverage of additional core concepts in the psychological
neuroscience course. However, we are still in the process of composing
the module and do not have any relevant results to relay on its outcomes.

4 Potential solutions to address
curricular deficiencies

The inclusion of non-neuroscience courses into a minor might
provide a sustainable solution for some programs, but this is likely
insufficient for a thriving neuroscience major. As detailed above, our
internal analysis revealed that psychology-based neuroscience courses
struggle to address the Core Concepts of Evolution, Gene-
Environment Interactions, and Structure-Function Relationships.
We will now offer some potential solutions to address each of the three
core concepts that do not receive sufficient coverage. Some of these
approaches are also cost-effective to implement and may provide
additional options for instructors with restricted resources.

Evolution is a concept that is well-addressed in a myriad of biological
courses but can also be incorporated into a number of psychological
courses, at least from a primate evolutionary context. Evolution is
arguably the key foundational concept of biology (Wei et al., 2012), and
as such, receives appropriate time and attention in many courses,
including introductory courses. This provides an avenue for initial
exposure to evolutionary concepts within the larger biological framework
that could then be explored in more depth within a neuroscience context.
Topics such as the origin and expansion of the neocortex could
be incorporated into an introductory neuroscience course housed within
a psychology department (or biology department), where the course
highlights the expansions that have occurred within the primate lineage
(Striedter, 2023). In fact, Striedter (2023) identified two publications that
provide six different useful illustrations to assist in teaching this specific
topic (Buckner and Krienen, 2013; Kaas, 2019). This prefrontal cortical
expansion that occurred in primates can be linked to functional benefits
and then used to highlight interesting convergent evolution where a
number of avian species possess similar functional benefits from
morphologically similar but evolutionarily distinct neural structures
(Striedter, 2023). Yet again, there are useful figures to help highlight this
example of convergent evolution (Brusatte et al, 2015; Puelles
etal, 2017).

The Gene-Environment Interaction concept is more difficult to
address for several reasons. Generally, numerous concepts in biology and
biochemistry are challenging because they conflict with informal ways
people think about the world (Coley and Tanner, 2012). More specifically,
some students possess misconceptions about biological principles that
are derived from either essentialist thinking, teleological thinking, and/
or anthropocentric thinking (Coley and Tanner, 2012). Furthermore, the
Gene-Environment Interaction concept already receives inadequate
exploration within most biological curricula (Gericke and Mc Ewen,
2023). Fully comprehending Gene-Environment Interactions also
requires foundational knowledge. Without a background in genetics,
molecular biology, and regulatory cellular biology, students may struggle
to grasp the depth and import of this concept completely. This presents
a challenge for any neuroscience offering housed solely within a
psychology department. This would raise the issue of expanding
pre-requisite coursework yet again, where students would be required to
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take several foundational courses before thoroughly addressing
this concept.

Part of the challenge with comprehending Gene-Environment
Interactions is that students tend to largely attribute only genetic
influences to body development (Hammann et al., 2021). Conversely,
students largely attribute only environmental influences to the
development of mind-related functions (Hammann et al, 2021).
However, this also presents an opportunity within neuroscience
education to directly address a misconception and expand the knowledge
of a core concept. A two-phase model of instruction has been outlined
previously (Zang and Hammann, 2022), where students are presented
with the topic (e.g., depression) during the first phase and then further
explore very specific traits within the topic during the second phase. It is
during the second phase, when students are presented with tools to start
developing causal relationships, that a single causal relationship (e.g.,
environment is the sole cause of depression) is compared to another
single causal relationship (e.g., genetic inheritance is the sole cause of
depression). This exploration of singular explanations aligns with the
cognitive preference for reductionist reasoning (Grotzer and Mittlefehldt,
2012). Various prompts throughout the exercise help the students
critically analyze the situation and determine that neither single cause is
sufficient and understand that both causes are necessary to create the
phenomena (Zang and Hammann, 2022).

The Structure-Function Relationship concept is another concept
that is difficult to address. Certain aspects of this concept can and should
be addressed at the circuit level and above, and psychology faculty should
be well-equipped to do just that. Utilizing case studies to explore
Structure-Function Relationships in the context of neuroanatomy is one
potentially useful approach (Kennedy, 2013). However, a substantial
aspect of this concept is the Structure-Function Relationship at the
cellular and molecular level. This is rooted in molecular biology and/or
biochemistry and, as such, also requires some foundational knowledge
to address properly (Yoho et al,, 2019). Without an understanding of the
central dogma of biology and how that relates to protein structure, it is
not possible to reach any substantive depth on this topic. Again, this is
an unreasonable expectation for any neuroscience offering housed
within a psychology department. Students will need to navigate a
number of biology and biochemistry courses to acquire the requisite
foundational knowledge.

Although introductory chemistry courses are common fundamental
courses for students majoring in biological sciences, psychology
departments typically do not require their majors to complete any
courses in chemistry. However, these introductory chemistry courses
could feature some interdisciplinary topics to not only help neuroscience
students adjust but also improve interest and engagement across all
students (Sumter and Owens, 2011). Sumter and Owens (2011) utilized
a neuroscience module to teach and reinforce general chemistry
concepts, as well as to allow students to make connections between
chemistry, biology, and psychology. Specifically, the module focused on
ion concentrations, charge, and movement in response to various ligands
and then other compounds (e.g., toxins and pharmaceutical agents)
(Sumter and Owens, 2011). Such a module in and of itself would provide
some initial exploration of Structure and Function Relationships,
Nervous System Function, and possibly Gene-Environment Interactions.

It is worth noting that this approach requires significant effort from a
chemistry faculty member. This may prove challenging or impossible at
some institutions and will likely require some additional training and
work for the chemistry faculty member. Fortunately, the implementation
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of these interdisciplinary modules within foundational courses has
previously been demonstrated to benefit all students, not just those
interested in neuroscience (Sumter and Owens, 2011). However,
convincing a faculty member to modify their course is not a trivial
endeavor, which is well-documented within the existing literature
(Brownell and Tanner, 2012; Borrego and Henderson, 2014; Petersen
et al., 2020; Smith and Thoman, 2024). We do not want to understate the
challenge associated with recruiting a chemistry colleague receptive to
implementing new evidence-based approaches, but we would like to
highlight several studies where the authors discuss potential strategies to
assist faculty in adopting a new pedagogical approach (Borrego and
Henderson, 2014; Froyd et al., 2017; Petersen et al., 2020; Smith and
Thoman, 2024).

If a chemistry faculty member or department is interested, there are
additional opportunities to expand the coverage of neuroscience core
concepts while simultaneously enhancing the educational experiences for
all students. Introductory chemistry laboratory curriculum could also
incorporate classroom undergraduate research experiences (CUREs) to
explore Structure-Function Relationships. A CURE described by Kean
etal. (2019) also provides space to incorporate some Gene-Environment
Interaction pieces, though the overall focus will be on Structure-Function
Relationships. Specifically, this CURE explores protein structure utilizing
noncanonical amino acid incorporation to generate the changes (Kean
etal,, 2019). Previous research found that CURE incorporation increased
student comprehension and enthusiasm for the subject, as well as
increased participation in faculty-mentored research (Kowalski et al.,
2016). The incorporation of CUREs has been demonstrated to increase
student retention (Weaver et al., 2008), and involvement in research has
also been linked to increased independence and motivation, as well as
notable benefits for underrepresented groups (Lopatto, 2007). Established
CUREs have communities to provide support for new adopters and
opportunities for instructors to build the lab experience as they progress.
Furthermore, Kean et al. (2019) have generated and made available a lab
manual and instructor guide and will also provide genetic constructs and
plasmids upon request.

Another potential alternative for providing exposure to the Structure
and Function Relationships, Nervous System Function, and possibly
Gene-Environment Interactions core concepts is for a psychology
department to develop an introductory course or series of introductory
courses on biopsychology, which could introduce biological principles in
a psychology/neuroscience context. Such a course, or series of courses,
could explore the evolution of the primate brain and convergent evolution
of the avian brain, as mentioned above (Striedter, 2023). The course/s
could also explore the development of the human brain, with an emphasis
on how genes regulate development and/or how specific genes are
disrupted in developmental disorders (Eising et al., 2019). This provides
an in-road into an exploration of how gene expression can be impacted
by environment, with examples across mammalian taxa (Katsioudi and
Kostareli, 2020; Venkatesh and Makky, 2020). This also provides an
opportunity to explore the function of various genes and how the
structure of their resulting proteins can dictate their function (Dorji and
Sriwattanarothai, 2015; Howell et al., 2019). Such a course may prove
beneficial, even at institutions with a well-developed collaboration
between biology and psychology faculty, as it may provide a means for
both neuroscience and psychology students to approach and tackle these
concepts. It could also provide a human or primate-centered examination
of topics typically covered across an expansive range of taxa within
biology courses. Although this approach would not provide as much
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depth in these three core concepts as the introductory chemistry course
additions, institutional circumstances may make this alternative more
feasible to implement.

In addition to the aforementioned approaches to increase coverage of
the core concepts not typically addressed in psychology-based courses,
some broader mechanisms may help promote student engagement,
comprehension, and/or persistence. Developing a bridge to neuroscience
workshop for incoming and/or new students in the program is one
approach that can help improve the learning environment. Colon-
Rodriguez et al. (2019) implemented a one-day workshop at the
University of Puerto Rico for both prospective and current undergraduate
students and found that it noticeably improved both understanding and
enthusiasm for neuroscience novices. The duration of the workshop is of
particular interest, as this is logistically much easier to implement than the
original approaches. A bridge to neuroscience workshop could potentially
prime new students so that they are more prepared and more persistent
when engaged in challenging content. This is particularly relevant given
that previous research has also demonstrated that preparation and
attitudes are important predictors of success for intimidating classes, as
was shown with psychology majors taking a course in biopsychology
(Sgoutas-Emch et al., 2007). Furthermore, introducing Utility-Value
Intervention at the start of a course has also been demonstrated to help
improve student performance and persistence in introductory biomedical
courses (Hecht et al,, 2019). At our institution, we have also implemented
a neuroscience journal club to promote comprehension, persistence, and
enthusiasm among current and prospective neuroscience students
(Berman et al., 2019; Drumm et al., 2019). It is also important to note that
students involved in faculty-mentored research receive many benefits, in
particular, fostering more persistence and comprehension, and promoting
such opportunities will have many added benefits for the students, faculty,
and institution (Russell et al., 2007; Petrella and Jung, 2008; Hernandez
et al,, 2017; Stanford et al., 2017). All these potential approaches help
generate an environment in which students are more likely to succeed in
the face of more challenging content.

5 Discussion: expanding curricular
offerings

Currently, the approximate teaching load of the required courses
in the neuroscience minor at our institution equates to five-eighths of
the teaching load of a single full-time faculty position. The restricted
electives in the minor also equate to five-eighths of a teaching load. It
is worth noting that these restricted electives are courses that existed
prior to the introduction of the neuroscience minor, and these courses,
as well as most of the required courses, contribute to multiple degree
pathways specific to their respective departments. All the required
courses are taught exclusively by the two neuroscience faculty (one in
biology and one in psychology), while the restricted electives are
taught by the two neuroscience faculty as scheduling allows.

Student demand will necessarily have to increase before any
potential expansion of our neuroscience minor could occur. However,
if there was sufficient demand such that the administration saw fit to
expand the curriculum to offer a major in neuroscience, this could
be initially done by devoting the existing two faculty members
completely to the neuroscience curriculum (Table 3). This would
necessitate a full-time faculty position within the biology department
and at least half of a faculty teaching load covered within the
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TABLE 3 An overview of a hypothetical major expanded from the existing neuroscience minor offered at our institution.

Educational core and classes Core concepts addressed

Neuroscience core coursework 1 2 3 4 5 6 7 8

General psychology X

General biology I (cellular and molecular)

Introduction to neuroscience I

HolH X

Introduction to neuroscience IT

w
v
N
N

Quantitative core coursework 1 2

Psychology or biology statistics NA

Psychology experimental methods NA

College algebra NA

Trigonometry NA

w

Biology core coursework 1 2

Genetics

Biological neuroscience

Cellular and molecular neuroscience

MR X
sRE ]
MR R X
MR R X e
SRR

Developmental and experimental neuroscience

—
N}
w
'S
5}

Psychology core coursework

Developmental psychology

E I T U B I
MR X
T T e T I )

Clinical and neuropsychology X X X X

Abnormal psychology

Rl R M
MR X XN
sl

Perceptual psychology or cognitive psychology X

w
(=)}
N

Additional scientific core coursework 1 2 3 4

General chemistry I and IT

Physics T and I

General electives—Students must enroll in 2 courses 1 2 3 4 5 6 7 8

Physical anthropology

Animal behavior X

Human physiology X X X X X X

Introduction to programming

Philosophical reasoning

Medical ethics

Biophysics and medical imaging

Alcohol and drug abuse

Cognitive psychology

Perceptual psychology

Anatomy and physiology of speech and hearing X

e T T
e T T

Language development

[S)
w
o
(=)}
N

Advanced electives—Students must enroll in 2 courses 1

Developmental biology

Molecular biology

Biochemistry I

Biochemistry IT

R T T T

Cell culture and histology techniques-based course X X

Advanced programming

Language disorders in children

Neuroanatomy and physiology of communication

Faculty-mentored neuroscience research Varies

Names of the courses have been generalized in hopes of best conveying the type of course offered. The core concepts have been abbreviated further into numbers; (1) Communication
modalities, (2) Emergence, (3) Evolution, (4) Gene-environment interactions, (5) Information processing, (6) Nervous system functions, (7) Plasticity, (8) Structure-function relationship.
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psychology department. Ideally, this would be done as a full-time hire
to support both the psychology and neuroscience programs. In
addition to our existing curricular offerings, we would extend our
introductory course across two semesters to provide a more extensive
overview of all topics. An existing psychology neuroscience course
would be altered to narrow the focus to biopsychology and clinical
aspects. We would add a developmental neuroscience course to
address Gene-Environment Interactions in a more comprehensive
manner, and this course would also have the added benefit of
expanding our coverage of Evolution and Structure and Function
Relationships. We envision this course also to incorporate
experimental approaches utilized within the field, primarily in a
laboratory component. We would also alter an existing cellular
physiology course to narrow the focus to cellular and molecular
neuroscience, which will deepen our coverage of Structure and
Function Relationships, as well as Gene-Environment Interactions
and Evolution. All other courses included in this hypothetical major
(see Table 3) are already offered as part of another degree path.
Though not indicated on the table, all the biology, chemistry, and
physics courses possess a required laboratory portion. The biology-
based neuroscience courses (i.e., biology core) also all possess a
required laboratory portion.

The hypothetical neuroscience major outlined in Table 3 requires
83-85 credits. Devoting only two full-time faculty members to a single
major is quite thin, but the inclusion of foundational courses in
biology, psychology, chemistry, and physics, as well as existing upper-
division coursework in the biology or psychology major curricula,
with some select additions from other departments, makes this
feasible. This means that a variety of relevant electives will necessarily
be taught by faculty members not associated with the neuroscience
major but rather from other departments. This helps to create more
breadth and options for students while keeping overhead instructional
costs low. The degree offering would only have flexibility with elective
courses offered by either the biology or psychology departments and
neuroscience majors would have no diversity of neuroscience-specific
elective offerings. The hope would be that an additional faculty
member could be added as the number of students enrolled continued
to grow and that this expansion would allow for more courses to
be developed and allow for more flexibility within the neuroscience
degree while still adequately addressing all the core concepts. The
specialization of an additional faculty member would be carefully
considered so as also to represent a foundational branch of
neuroscience that is complementary to our institution and resources,
such as neurophysiology or computational neuroscience. We also
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want to reiterate that progression from a minor to a major will not
be practical or feasible for every institution. Despite steady growth
from 0% at its creation in 2020 to 7.6% of the students enrolled in
biology or psychology, the current circumstances dictate that our
neuroscience minor should remain as-is until the environment
changes sufficiently (e.g., interest, enrollment, funding, available
faculty). Obviously, institutions with differing departmental structures
and/or composition and different enrollments will necessarily have
different concerns. Still, we hope that the analysis of our situation
offers some relevant and informative parallels.
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