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Introduction

In response to the rapid growth of undergraduate neuroscience programs across the United States over the last two decades (Rochon et al., 2019), educators have worked tirelessly to produce recommendations for what constitutes an effective curriculum. Recently, Chen et al. (2023) developed core concepts—“clear [and] timeless” scientific principles that cut across subdisciplines of a field and comprise a new framework for teaching within the discipline—with the help of hundreds of colleagues across the country. They proposed that educators examine how “unpacking” ideas like structure-function, communication modalities, emergence, information integration, plasticity, genetics, and evolution across a curriculum can be used to organize student learning (Chen et al., 2023), both as an alternative to thinking about a neuroscience major as a list of disconnected courses and as a complement to a core-competencies approach (Wiertelak and Ramirez, 2008; Wiertelak et al., 2018). Indeed, the core-concepts approach to biology education has led to higher-level thinking in undergraduates (McFarland and Michael, 2020; Chatzikyriakidou et al., 2022; Cliff, 2023); applying this approach to a neuroscience curriculum might similarly boost student learning.

We integrated the core concepts into our new interdisciplinary neuroscience major at Augustana University. Here, we discuss how the core concepts interacted with other features we considered in our curriculum design; their strengths and shortcomings; and the ways in which they may continue to influence our growing program.



Developing the neuroscience major at Augustana University


Campus profile

Augustana University (AU) is a small private liberal arts institution in Sioux Falls, South Dakota. A primarily undergraduate institution, it serves more than 2,100 undergraduate and graduate students. As a liberal arts institution, AU emphasizes that disciplinary breadth—across STEM, social sciences, and humanities—is essential to developing lifelong learning habits and skills necessary for adapting to a changing world. In the tradition of Lutheran education, one goal of an AU education is to instill in students a call to serve others in their lives beyond graduation.



Program goals

In designing a new major in Fall 2023, we had the unique opportunity to use the new community-derived core concepts, alongside other recommendations from the neuroscience education literature. We aimed to provide an extensive, rigorous foundation in both biology and psychology. We drew on our own areas of expertise to give students broad exposure to neuroscience and an ability to tailor their education to their goals and interests. We also wished to promote critical thinking, effective communication, quantitative reasoning, and experimental design—all core competencies recommended by the Faculty for Undergraduate Neuroscience (FUN) (Wiertelak and Ramirez, 2008; Wiertelak et al., 2018). In addition, as a major housed in AU's Center for Interdisciplinary Studies, a program intended to develop new programming by building cross-departmental bridges, we wanted to intentionally emphasize the interdisciplinarity of neuroscience as a field in a liberal arts context. Finally, we wanted to create space to explore the vocation of a neuroscientist–how deep study of the inner workings of our brain shapes our future roles in society and our service to others.



Curriculum overview

Our major is organized around six main learning outcomes (Figure 1A). Most of these outcomes are consistent with the FUN blueprints (Wiertelak and Ramirez, 2008; Wiertelak et al., 2018) and guidelines from the American Psychological Association (2023), but we also included learning outcomes focused on human neuroscience, ethical reasoning, and vocation.
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FIGURE 1
 Learning outcomes for the Augustana University neuroscience major (A) include community-derived core concepts (Chen et al., 2023) with an additional core concept in human behavior, and core competencies (Wiertelak and Ramirez, 2008; Wiertelak et al., 2018) with added competencies in ethical reasoning and vocation. A list of required and selective courses is found in Supplementary Table 1. A full list of required, selective, and elective courses in the major including alignment with community-derived core concepts and core competencies can be found in Supplementary Table 2. Sample required and selective course-work is shown for a student following a biology-focused path (B1) and a student following a psychology-focused path (C1). The biology-focused path exposes students to more structure-function and evolution coursework (B2) and more experimental design competencies (B3). The psychology focused path exposes students to more human behavior coursework (C2) and more interdisciplinary and ethical training (C3).


Our students begin meeting these learning outcomes through three core courses (Figures 1B, C). The first course is Introduction to Neuroscience, which students take in their first-year. In their second year, students build upon this foundational knowledge through either Behavioral Neuroscience or Social, Affective, and Developmental Neuroscience. The required capstone, Neuroscience Seminar, taken in the final year, uniquely grounds the idea of vocation and uses ePortfolios to prepare students for their career goals after graduation. Beyond the core courses, students select courses in Neurobiology, Neuropsychology, and Interdisciplinarity as well as electives from multiple neuroscience-relevant fields; this coursework is supported by foundational courses in biology, chemistry, psychology, and statistics or data science (Supplementary Table 1). We intentionally offer flexibility in coursework so that students tailor their studies to their desired interests and career path.



Integration of community-derived core concepts

Because core concepts are “foundational principles that define the field” used to “organize fundamental facts” (Chen et al., 2023), the eight community-derived core concepts map onto our first learning outcome. To determine the extent to which our courses include core concepts, we reviewed syllabi and rated which core concepts are included and what level of mastery is achieved in each course (introductory, reinforcement, and mastery; see coding scheme in Supplementary Table 2). In general, “introductory” applies to Introduction to Neuroscience and the supportive courses, while “mastery” applies to experiential learning courses, Neuroscience Seminar, and courses with higher-level reinforcement with the intention that mastery is approached with repeated exposure. We also modeled the extent to which these core concepts are covered by students who will take more biology-focused (Figure 1B) and psychology-focused (Figure 1C) paths through their neuroscience major. All students receive an introduction to all of the core concepts in their first year, through the Introduction to Neuroscience course, with additional honing of these core concepts in their second year. In subsequent courses, students may receive more instruction in some core concepts (structure-function, gene-environment interactions, information processing, evolution) on the biology-focused path, while others (communication modalities) feature more prominently on the psychology-focused path. With the exception of evolution, students on both paths will have opportunities to master all core concepts, often in each year of the major.



Integration of core competencies

The core concepts do not encompass, on their own, the learning outcomes we set for our program; they must be paired with training in skills used in the field. Accordingly, six core competencies are mapped into our third through fifth learning outcomes (Ramirez, 2020). We used the same process used for the core concepts to assess our courses and paths through the major (Supplementary Table 2). Like the core concepts, these competencies are introduced in the Introduction to Neuroscience course, and reinforced and mastered in different courses throughout the degree. All students, regardless of the path they choose through the major, have opportunities to master critical thinking and interdisciplinarity each year in our curriculum. While a biology-focused path exposes students to more training in experimental design, a psychology-focused path more thoroughly exercises interdisciplinary knowledge and provides slightly more emphasis on recognition of societal impacts (see Figures 1B, C).



Other additions: human behavior, ethical reasoning, vocational training

We added three additional outcomes based on guidelines from the American Psychological Association (2023) to fill out perceived gaps after integrating the community-derived core concepts and the “blueprint” core competencies. One outcome we added to our interdisciplinary curriculum is human behavior. We want our students to be able to address not just how the brain functions but also why simple explanations rarely suffice when explaining behavior. Students will interpret behavioral phenomena by recognizing interactions among biological, psychological, social, and cultural variables. The second outcome we added is ethical reasoning, beyond training for animal or human-subjects research. Students will articulate the ways in which neuroscience knowledge can promote social responsibility. The third outcome we added is vocational training, which is consistent with the goal for all AU undergraduate students. Students will cultivate a body of evidence where they demonstrate key skills that will gain them entry into graduate programs or jobs in the field. Pairing opportunities for research and neuroscience-related internships with ePortfolio and resume building in the fourth-year Neuroscience Seminar, students receive training in creating career-focused materials while purposefully integrating neuroscience knowledge.




Discussion

In developing AU's neuroscience major, we asked whether core concepts (Chen et al., 2023) could be effectively deployed to design an interdisciplinary neuroscience curriculum in a primarily undergraduate institution. We found that the core concepts were the most readily deployed in a neuroscience degree with a substantial biology focus. Psychology-focused students receive much less instruction in the areas that were viewed by respondents in the Chen et al. study as less necessary to a neuroscience education (namely, evolution and genetics). To give students a more broadly interdisciplinary education—and possibly to address the views of more psychology-focused neuroscience educators—we propose including human behavior as a core concept. This concept borrows from psychology's biopsychosocial and cultural approach to understanding the relationship between complex human behavior and the brain—framing human behavior as a “foundational principle” that “organizes fundamental facts” across subdisciplines in neuroscience education (Chen et al., 2023). Moreover, this additional core concept creates an opening for programs on diversity, equity, and inclusion in neuroscience, a recent focus among educators (Basu et al., 2021; National Academies of Sciences, Engineering, and Medicine, 2021). Notably, we are able to extend the core concepts because of the cross-departmental nature of our program: a neurobiologist of disease in the Biology Department has partnered with a cognitive neuroscientist and an aging neuroscientist in the Psychology Department. By the same token, we found that expanding the core competencies was necessary to build a neuroscience major that prepares students for an array of post-graduate goals and interests. For example, adding ethical reasoning emphasizes that our students will need both an ethical mindset and a critical understanding of neuroscience to navigate professional and societal contexts in the future, even though these contexts might differ widely; further exploration of ethical reasoning in neuroscience education is merited, as it does not fit neatly into the definition of a core concept or competency (Chen et al., 2023).

Moving forward, we will need to assess whether the core-concepts orientation of our program does, in fact, build mastery. To do so, we will require both the continued development of the core concepts and the development of instruments for assessing student learning. Mapping a course's content to a particular core concept or core competency—which we sometimes found challenging, even with the community-derived definitions provided—will require a further fleshing out of what each core concept means to various subdisciplines. While some of this work is already being done by Chen and colleagues here, it may be useful to also develop tools that help instructors see how these core concepts fit both into individual courses and across a curriculum [like the BioCore Guide associated with Vision and Change (Brownell et al., 2017)] or assess concept mastery [like concept inventories that are present in physics and many fields of biology, but not in neuroscience (Smith and Tanner, 2017), or assignment rubrics, as have been previously suggested (Kerchner et al., 2012)]. While we are reasonably confident that our existing courses build toward the core concepts based on our mapping, we can imagine that developing new courses would be greatly facilitated by having these design tools. We also agree with Chen and colleagues that having such tools will make it easier to start developing the assessments needed to determine whether a core concepts-oriented curriculum does, in fact, improve student outcomes (Smith et al., 2019).

Overall, the community-derived core concepts were useful in developing a new neuroscience major. They lend themselves to the development of a biology-focused neuroscience major, but with the addition of a human behavior core concept the major can be both more interdisciplinary and can provide students on a biology-focused path with more exposure to neuroscience as it affects humans and society. We agree with Chen and colleagues that the core concepts do not provide a framework for a neuroscience curriculum on their own, but are effective in conjunction with a set of core competencies (Ramirez, 2020) to build a diverse set of skills by the end of a neuroscience degree. The new, interdisciplinary neuroscience major at Augustana University challenges students to go beyond the traditional silos of biology and psychology to understand the brain and the mind. Within a liberal arts context, the program prepares students to understand what neuroscientists know now while also acknowledging that our knowledge will almost certainly change, with repercussions inside and outside the laboratory. As the program progresses, we will seek to include and evaluate best practices like the core concepts in order to maximize student learning and preparation.
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