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Praise for Course-Based Undergraduate Research

“Edited by Nancy H. Hensel, a noted scholar and leader in the international undergraduate research movement and a former executive officer for the Council on Undergraduate Research, this book provides a timely window onto the rapidly evolving landscape of course-based undergraduate research, particularly in early college settings. This is an essential resource for faculty members who are looking to orient themselves to course-based undergraduate research theory, practice, and assessment.”—Elizabeth L. Ambos, Executive Officer, Council on Undergraduate Research

“This book is an excellent primer for the use of course-based research to expand content knowledge and develop skills required in the twenty-first-century workplace.”—Brent Cejda, Professor of Educational Administration, University of Nebraska-Lincoln

“Nancy H. Hensel’s comprehensive collection of case studies and current pedagogical and curricula practices provides a revealing and robust introduction to the many benefits of undergraduate research experiences. More importantly, her edition illustrates how to embed these experiences into existing first- and second-year courses so that all students can participate in this dynamic learning environment. And because of this focus on the first and second years of the postsecondary curriculum, Hensel is able to document the innovative teaching and learning in the community college sector, institutions that educate half of all American undergraduates. This collection also offers persuasive and ample evidence that undergraduate research opportunities can be embedded in all academic disciplines, in courses, for example, as diverse as biology, theater studies, history, and remedial study skills.

Each chapter, while documenting a specific pilot or course innovation, offers some well-defined common themes and shared outcomes. The contributors, all seasoned teachers of first- and second-year undergraduates, assert the benefits of course-based research, describe the challenges of adopting such a pedagogy, summarize the essential components of the learning/research experience, and assess the learning outcomes. The benefits are well-documented: richer learning outcomes, enhanced critical reading and thinking skills, deeper engagement, and increased collaboration. The challenges of implementation—especially at the community college—are obvious, yet all the contributors manage to overcome multiple barriers. All of these course-based research opportunities allow students to improve their observational skills, to pose audacious questions, to make interdisciplinary connections, to use evidence, and to make public their discoveries. The assessments suggest improved noncognitive skills and deeper learning outcomes.

In short, Hensel’s collection is a timely and impressive reminder of what we can achieve. These easily accessible and always engaging essays will appeal to teachers and administrators alike. They remind us of the craft of pedagogy—of the joy of teaching—and of the scholarly journeys we can imagine for our students.”—Michael J. McDonough, President, Raritan Valley Community College

“If you are an educator who believes in the importance of all students engaging in undergraduate research as a way to develop the competencies needed to thrive in an innovation-driven economy, then this book is a must-read. Course-Based Undergraduate Research provides practical, equitable, and inclusive strategies for making undergraduate research accessible and engaging for every student.”—Tia Brown McNair; Vice President; Office of Diversity, Equity, and Student Success; Association of American Colleges & Universities
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This book is dedicated to those who integrate undergraduate
research into first- and second-year courses in order to support
educational equity.
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FOREWORD

The other day I happened upon a pedagogical discussion unfolding on a friend’s Facebook Timeline, a place where I often find myself engaging in interesting discussions about how we teach and learn. The colleague posted that in his first-year course in information literacy, one of his students insisted that “no one uses books anymore” and that “everything is now available online.” She simply would not believe him when he tried to tell her otherwise. As happens on Facebook, a long discussion of this incident ensued, some of it serious, some of it snarky, where several colleagues commiserated with the frustrated professor (“The problem with students today . . .”) while others offered useful books or articles that the professor could assign to this intransigent student to convince her of the error of her assertion. I offered a different solution:


Why not give all the students in the course an assignment where they go to the library and locate resources that are not available online—books, archival materials, journals, newspapers? Have students create a formal bibliography, in proper form, of the undigitized sources they discover. Offer extra credit to anyone who comes up with more than, say, 25 such titles. Let them lead the next class so they can share their discoveries.



Discovery. That was the key word in the informal Facebook discussion, and it is also a key word in this important volume on the importance of including research in introductory courses across the curriculum. As we learn from this volume, the key difference between telling a student she’s wrong (whether directly or indirectly by offering her scholarly studies with counter-evidence) and having that same student explore the topic for herself is agency: in the latter case, the student sets out on an intellectual journey, finds her way through sources, happens upon the best methodology for finding evidence to support her argument, and then claims the final result—her discovery—as her own. That is not only an ideal learning experience; it provides, as the essays in this volume amply attest, an important conceptual and pedagogical breakthrough where the student learns to take responsibility for her own learning and begins to understand that she has the skills to learn again in any situation, in college and beyond.

When we provide our students with opportunities for discovery in the form of course-based research, we change not only what they learn but how. We offer them an invaluable tool that they can apply to learning anytime, anywhere. Telling the student who is convinced “everything is now available online” that her assertion is incorrect won’t convince her. It won’t disabuse her of erroneous notions and will most likely convince her that her professor is out of touch. In the worst situation, she’ll pretend she believes him in order to earn the A and become one degree more cynical about the purpose of education. In other words, the one-way transmission method of learning entrenches the worst binaries of formal education: obedience on the one hand and resistance on the other. Neither results in actual learning.

Moving from telling the student what to think to offering the student an opportunity to discover for herself results in another paradigm shift. This one pertains to the professor. By offering the student a chance to gain her own expertise, a professor doesn’t give up the responsibility to teach; rather, the professor gives up the assumed authority to be the expert in the room on the topic at hand. When our students take the opportunity to do research, when they are fired up by the chance to investigate some topic, they often supersede our own knowledge of that subject. They become the class experts. This is a great breakthrough, but it often leaves professors feeling uncomfortable and insecure.

When the entire reward system of academe is based on impressing one’s advisers and being reviewed by one’s peers, it is not easy to throw off the mantel of hierarchy in the classroom. It’s not easy to step aside from the role of the established authority in order to scaffold students’ progress toward their own authority. Revising one’s status in one’s own classroom requires that we stray from the norms of the reward, recognition, status, and hierarchy structures upon which success in the academy is based.

The 18 essays in this volume help us to do this. They give us extensive qualitative and quantitative evidence of the efficacy of course-based research. By describing in detail how conventional courses can become sites for student research, they help us, as professors, to make the transition to a new pedagogical paradigm. Even when they focus on student outcomes, they give us structure and justification for experimenting in our own courses—whether we teach theater, earth sciences, biology, or business. They provide pathways and offer us models to emulate. In short, they scaffold our own learning of new pedagogical approaches.

Course-based research gives us, as professors, a way of translating the methods and insights of our own specialized scholarship into the introductory classroom. It allows us to not only be the expert in the room but also help our students understand the mysterious journey we took to become experts. In turn, that helps students understand how they can become experts, how one learns to be confident in one’s own research, assertions, and arguments. In this, course-based research promotes a better alignment of professors and students. Too often, in the present reward structure of the academy, teaching is almost an impediment to one’s work. In the course-based research model, sharing the components of what constitutes the highest standards of one’s work also lets students set the bar higher than if we set that bar for them.

As we see in the essays in this volume, we have an extensive body of work on the way students’ own research helps to empower them. As Nancy H. Hensel shows in chapter 1, “Crazy Observations, Audacious Questions,” course-based research helps students develop their own perspective and voice, learn how to construct an argument based on their own exploration of a topic, become more adept at distinguishing evidence from “fake” information, work both independently and collaboratively, develop critical and creative thinking skills, and improve communication skills. These are the deep learning skills that will continue to help our students long after they have forgotten the details of content on which we have lectured them and far beyond the questions they aced on a final exam. Truly, this is the most precious learning of all, the self-directed learning that lasts a lifetime.

Cathy N. Davidson
Distinguished Professor and Founding Director,
The Futures Initiative, Graduate Center,
City University of New York
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CRAZY OBSERVATIONS, AUDACIOUS QUESTIONS

Nancy H. Hensel

Making a discovery, whether in the laboratory or library archives, about something that no one else in the world knows at a particular time is a heady experience for an undergraduate student. College students who have the opportunity to participate in undergraduate research can experience this thrill of discovery. They may identify a new bacterial strain, make a connection between previously separate concepts, or uncover long-forgotten archival documents that lead to a new understanding of an issue. Nearly every U.S. college and university includes undergraduate research experiences in the learning opportunities offered to students. Institutions of higher education of all types are implementing a number of creative approaches to facilitate innovation, problem-solving, and discovery. They see undergraduate research as a critical vehicle for achieving these objectives.

Benefits of Undergraduate Research

Numerous studies have indicated that undergraduate research benefits individuals, institutions, and society. Many researchers (Harrison, Dunbar, Ratmansky, Boyed, & Lopatto, 2011; Hunter, Laursen, & Seymour, 2007; Lopatto, 2003, 2010; Nagda, Gregerman, Jonides, von Hippel, & Lerner, 1998; Russell, Hancock, & McCullough, 2007; Seymour, Hunter, Laursen, & DeAntoni, 2004) have described the following benefits to students who participate in an undergraduate research experience:


• Learning a topic in depth

• Learning to work independently

• Building tolerance for obstacles faced in the research process

• Transforming the student/teacher relationship

• Developing critical thinking and problem-solving skills

• Developing self-confidence

• Clarifying career goals

• Improving oral and written skills



These benefits are in close alignment with skills identified by employers surveyed by Hart Research Associates (2013) for the Association of American Colleges & Universities.

Course-Based Research

Course-based research is the inclusion of research projects in the curriculum, and it expands research opportunities to all students. The focus of this book is course-based research in the first two years of college across all disciplines. Course-based research (including scholarship and creative activity) in the first two years typically includes the following criteria:


• Research is embedded into the course curriculum.

• All students engage in the research project.

• Students work collaboratively on the project.

• Research projects introduce students to the research methodology of the discipline.

• Outcomes of the research are unknown.

• Student outcomes of the research are communicated in some manner.



Exposing students to research in the first two years of their undergraduate education has been shown to be effective in increasing retention of students in science, technology, engineering, and math majors and careers. The National Academies of Sciences, Engineering, and Medicine (2015) found the following:


• Course-based research can provide many benefits for students from first year to senior year and also to underrepresented students.

• Many faculty members are not familiar with course-based research or are not aware of local and national models that already exist.

• Well-designed course-based research projects use many of the “best practices” identified by pedagogical research. (pp. 7–8)



Students will benefit from an early introduction to research by learning to think critically about existing knowledge, developing the ability to ask researchable questions, exploring possible solutions, and using evidence as they analyze the results of their work. Developing these skills can and should begin in the first year of college, and all students should have the opportunity to engage in undergraduate research.

Course-Based Research for Educational Equity

The traditional approach to undergraduate research is for a few students, typically juniors or seniors, to work closely with a professor on a research project outside of class in the academic year or over the summer. Students who participate in summer research projects or have the opportunity to work closely with a professor in what is often called the “apprentice model” are more likely to receive the benefits of undergraduate research than students who do not have the opportunity for such experiences. Colleges and universities do not have sufficient personnel to engage every student in research using the apprentice model. The only way to provide all students with an undergraduate research experience is to embed research into the curriculum through course-based research.

Ensuring that all students have the opportunity to engage in undergraduate research is an issue of educational equity. In their report, “Separate and Unequal: How Higher Education Reinforces the Intergenerational Reproduction of White Privilege,” Carnevale and Strohl (2013) suggest that although access to higher education has improved, pedagogy has not changed to be sufficiently inclusive for first-generation and underrepresented students. The traditional approach to undergraduate research assumes that students have the time and financial resources to engage in research outside of class and in the summer. Many do not. In addition to financial constraints, Bangera and Brownell (2014) suggest that first-generation students may not be aware of potential educational and career advantages of undergraduate research. First-generation students may not understand academic culture and how to access faculty and support services. Pyles and Levy (2009) found that students at East Tennessee State University were intimidated by the idea of research. They suggest that early exposure to research can “demystify” research and help students to clarify their interests and see themselves as researchers and scholars. The inequities of the traditional approach to undergraduate research can be addressed by course-based research.

Challenges of Course-Based Research

Implementing course-based research is not easy. There are logistical and attitudinal challenges in developing a successful course-based research program. Brownell and Tanner (2012) suggest that, in addition to lack of training, time, and incentives as barriers to pedagogical change, a scientist’s professional identity as a researcher rather than as a teacher might be a hidden barrier. Reframing the concept of undergraduate research from the apprentice model to a concept that includes working with a whole class and seeing the acquisition of research skills as a developmental process is needed for course-based research. Adapting authentic research to the developmental needs of first-year students is a demanding endeavor. Course-based research requires significant planning time and knowledge about how students learn. It is essential to identify a project that is appropriate for the developmental level of first- and second-year students and introduces students to the research methodology of professionals in the field. Resource issues must also be considered in course-based research. Successfully replicable course-based science projects use materials that are inexpensive, readily available, and straightforward to train students to use. Social science research must be scalable in terms of numbers of subjects and complexity of the statistical design. Humanities research projects must have access to appropriate archives and other resources.

The logistical challenges of time, curricular design, and identification of projects and tools can be supported by a network of colleagues who are also implementing course-based research. Lopatto and colleagues (2012) found that a major barrier to implementing course-based research was the lack of colleague support. Course-based research is more likely to be successful when it fits within the curriculum of the department or college. Implementing course-based research across the general education program can provide a supportive campus network. A community of practice network provides support for troubleshooting, sharing information about pedagogy and use of resources, obtainining technical support, and accessing the expertise of others in the network. It also provides opportunities to share curricular ideas and pedagogy for short-term projects.

Developing Course-Based Research for the First Two Years

What would research in the first year look like? A good place to begin is to look at what aspects of the research process might be appropriate for first-year students. Some elements of research are common to all disciplines and can be integrated into first- and second-year courses. Some of these common elements, although implicitly part of research, may not be explicitly taught. Observing, questioning, making connections, and using evidence are examples of essential research and life skills that may not be explicitly part of the instructional process.

Observing

“All research starts with one crazy observation,” said Tom and Ray Magliozzi, also known as the Tappet Brothers, who hosted the National Public Radio program, Car Talk. Research does begin with observation and a sense of curiosity and asking questions. Good researchers are skillful observers. In 1854, Louis Pasteur said, “Chance favors only the prepared mind” (in Beveridge, 1957). In his 1957 book, The Art of Scientific Investigation, Beveridge describes observation as an active mental process.

John Stilgoe, Harvard professor of landscape history, takes his students on walks, encouraging them to engage in what he calls “acute observation” (Gibson, 2016) where they begin to notice things in their environment that may have been previously overlooked.

Amy Herman (2016), an expert in visual perception, takes her clients to the Metropolitan Museum of Art to increase their observation skills by looking carefully at paintings and describing what they see. She has taught doctors to become better observers of their patients and police to be more meticulous observers of crime scenes.

Success in other areas can also be enhanced by strong observation skills. Constantin Stanislavski (1989), author of several books on acting, suggested that actors should carefully observe things in daily life and then create imaginary backgrounds for what they saw. Remembering the observation can be used to bring forth the emotions of a character they might be portraying. Anne Lamott (1994), a best-selling author, talks about the importance of observation for writers. She urges writers to carry a notebook at all times and to sometimes just sit and observe what is going on around them. She suggests that it is the observation of details that gives life to fiction writing. Leonard and Rayport (1997), Harvard business professors, talk about the importance of observation in a product development strategy called empathic design. By observing how customers use and adapt products, product developers can improve their company’s products.

Jennifer Landin (2015), assistant professor of biology at North Carolina State University, incorporates drawing into her biology courses because strong observation skills are crucial for research. She suggests that drawing enhances biological knowledge and helps students to focus more carefully on the details of the species they are studying and to look at objects without bias.

The ability to focus carefully and intensively is an important skill for scholars as well as professionals in any field. Deeper learning is more likely to occur when students have “prepared minds” developed from the active mental process of acute observations.

When Stilgoe (1998) takes his students for walks, their acute observations often lead to questions. For example, one group noticed an apparent shift in iron founding from Worcester to Pittsburgh when they looked at the dates on fire hydrants, questioning, “Why did this happen?”

Questioning

“Research is about the audacity of the question,” according to Andrew Velkey, former director of undergraduate research at Christopher Newport University (personal communication, October 14, 2010). The ability to frame a researchable question is a fundamental skill for undergraduate research. Students often need assistance in learning how to ask good and possibly audacious questions.

Asking a question suggests that something is unknown and it is curiosity about the unknown that drives research. Students’ questions are frequently not about the unknown but rather a question that can easily be answered by a Google search. Asking probing questions that encourage analysis, speculation, and creative thinking is a skill that can be developed. Warren Berger (2014), author of A More Beautiful Question, defines the type of question that we want our students to ask as “an ambitious yet actionable question that can begin to shift the way we perceive or think about something—and that might act as a catalyst to bring about change” (p. 8).

Teaching students how to ask actionable questions is a valuable pedagogical objective. Matthew Bowker (2010) uses a question-centered pedagogy in his courses that he believes helps students to “understand how the answers we have come to accept are connected, contingent, and contextual, how they rely on, imply, and beg additional questions” (p. 127). Developing analytical, reflective, and open-ended questions that ask “why, what if, and how” rather than “what” encourages critical and creative thinking to challenge current assumptions or dig deeper into a topic. When framing questions, students can be encouraged to think about the hidden assumptions or bias in the question. What perspective does the question reflect? Would a woman sociologist ask the question in a different way from a man, for example? Students’ initial questions are often too broad to clearly seek information or too narrow to expand ideas and creativity. Bowker (2010) opens each class by saying that they will begin with answers and end with questions. This approach encourages students to question assumed knowledge and further develop their curiosity about a topic. The ability to frame actionable questions is a skill that will serve students well in their studies and throughout their life. The basis for good decision-making is often asking a good question. Successful actions are more likely when the decision maker can be confident that the right questions have been articulated and considered.

Connecting

Observations and questions become more useful when connections can be made among various ideas, concepts, and pieces of knowledge. The late Stephen J. Gould, a recipient of the McArthur Genius Award, attributes his success to his unique ability to see connections. In an interview with Denise Shekerjian, he said, “My talent is connectivity. I can sit down on just about any subject and think about twenty things that relate to it and they are not hokey connections. They are real connections that you can forge into essays or scientific papers” (Shekerjian, 1990, p. 5). The ability to make connections among disparate pieces of information and connect them to a new idea, concept, or product can lead to breakthrough discoveries. Professors hope that our students will make connections between what they are learning in one class to what they are learning in another class, but this does not happen for many students. While campuses intentionally integrate the curriculum to make connections, foster connectivity, and integrative thinking, professors can also encourage connectivity in their classes. Referencing what students are learning in another class can help students see how knowledge develops and is connected. A biology professor, for example, might link the discovery of the cause of malaria to the challenges in constructing the Panama Canal. Connecting course topics to outside events can add relevance to the course topics and help sustain and expand student interest. How does a trending social media story relate to the research project of the course?

Steven Johnson (2010), author of Where Good Ideas Come From, talks about the importance of connectivity in innovation. In discussing innovation, he said there are two essential elements: “First, a capacity to make new connections with as many other elements as possible. And second, a ‘randomizing’ environment that encourages collisions among all elements in the system” (p. 51). Making connections requires an open and prepared mind. Students can be encouraged to read outside their discipline, listen to new kinds of music, or see movies they wouldn’t ordinarily watch. Faculty can share how they seek new experiences and the connections they might make from those experiences. Connections are the result of acute observations, the questions that might follow, and reflection on the experience.

In addition to observing, questioning, and connecting, first- and second-year students can also learn how to use evidence in drawing conclusions and making decisions, and how to apply the research methodology of a discipline.

Use of Evidence

“What is the evidence to support your conclusion?” should become a routine question to help students understand the necessity of credible evidence in this age of misinformation and mistruths. Understanding the importance of reliable evidence in making decisions, formulating ideas, and drawing conclusions is an important life skill. Verifying a reliable source, however, can be challenging. Developing the ability to recognize what information is credible and what information is not reliable is an important objective for course-based research and can be addressed through the inclusion of information literacy instruction in first- and second-year courses.

The Association of College and Research Libraries (ACRL) released a new framework for higher education information literacy in January 2016. The document reflects both changes in widespread availability of information and the increased role that students have in generating new knowledge through undergraduate research and scholarship. The ACRL (2016) defines information literacy as, “the set of integrated abilities encompassing the reflective discovery of information, the understanding of how information is produced and valued, and the use of information in creating new knowledge and participating ethically in communities of learning” (p. 3). Course-based research acquaints students with the process of producing and disseminating new knowledge. They also need to know how to determine the authority of new knowledge and understand that information may have different sources of authority, including expert authority but also sometimes personal experience.

A literature review is often the first step in a research project and is an excellent way to begin to develop an understanding of reliable evidence. Reading articles for their literature review allows students to see who is making a claim and to consider whether the author has the recognized expertise to make such a claim. Learning to analyze the source to determine what the authors are claiming, considering the facts the authors use to support their claim, and asking whether the facts presented are relevant to the claim are skills that can be introduced to first- and second-year students. Asking whether other evidence supports the information, whether it is new information, or whether previous information would lead to the claim the authors are making now can become routine questions for students. Students can also ask about any assumptions of the claim and whether those assumptions are based on a particular point of view or school of thinking. Engaging students in discussions of articles that pass the credibility test and those that do not will help students to internalize the skill of questioning the evidentiary basis of information. Evidence, of course, is different for different disciplines. In the sciences and social sciences, the quality of the experiment or survey can be questioned, whereas in literary analysis, the text is the source of evidence. Strategies for learning to question the evidence and make a determination of its credibility are similar, however, for all disciplines.

General Education

Incorporating research into general education courses may be the most effective way to ensure that every student has the opportunity to engage in undergraduate research and reap its benefits. The skills of observing, questioning, making connections, and using evidence can be introduced into first- and second-year courses and engage students in strategies that will enhance their learning experience throughout their college career. If research is included in introductory courses that all students take, an added advantage is that students learn a diversity of thinking skills. Learning to think in a particular discipline is a necessary skill in learning how to do research in the discipline. Learning to think across disciplines has the possibility of encouraging deeper learning and ways of knowing. History, for example, is a way of understanding people’s relationships and the interconnections of events in the past. An introductory course in history might help students to understand cause and effect in particular events, the concepts of change and continuity, and how actions and decisions affect future choices. History research involves the skills of formulating an idea, developing a plan on how to gather information, analyzing information to identify patterns, using primary sources and archival information, determining the reliability of sources, and developing a narrative based on evidence.

An introductory course in sociology might encourage students to recognize assumptions as opinions and to think beyond commonly held assumptions. Sociological research can develop an understanding of the complexity of social behavior and encourage careful observation and openness to different perspectives. An important aspect of literary research is the understanding that there are not always right answers but perhaps several possible answers. Literary research can develop cultural and social understanding as well as open the mind to new points of view. Professors teach their students to think like scientists, historians, sociologists, or literary critics. Providing students with the ability to apply ways of thinking in various disciplines will prepare them to more effectively address problems and issues they will confront in their careers.

Conclusion

Incorporating research into first- and second-year courses allows students to gain the benefits of research by learning to become good observers, frame actionable questions, explain and defend their ideas, develop tolerance for uncertainty, use evidence, and work collaboratively. The inclusion of course-based research in first- and second-year general education courses is an issue of equity and social justice. Course-based research that is authentic and accessible can provide every student with the intellectual benefits of undergraduate research. Our communities will benefit when all graduates can apply their research skills and knowledge to the important questions in their professional and community lives.
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COMGEN

Developing the Pedagogy for Classroom-Based Undergraduate Research Experience Courses

M. Gita Bangera, Kim Harrington, and Jason Fuller

In the twenty-first century, community colleges (CCs) are emerging as the mainstay of higher education in the United States. Nearly half of all undergraduates start their education at CCs, and the percentage is even higher for groups underrepresented in the academy. Therefore, if one has the aim of democratizing research, the process must start at these institutions of higher learning. Although opportunities for undergraduate research have become increasingly available at many research institutions across the country, they are not yet widely available in the nation’s CCs. The average CC student may be unaware of or unable to take advantage of programs such as the National Science Foundation (NSF) research experiences for undergraduates (REU) or find the prospect intimidating. Many are place-bound for family or economic reasons and cannot travel to universities with REU funding.

As a general rule, CC faculty recognize the importance of research to student learning, but typically they face substantial challenges providing these experiences. Research is not part of the tenure and promotion requirements for faculty members at most CCs and therefore has not been traditionally a part of their culture. Faculty members who would like to provide these experiences are faced with the lack of time (because of heavy teaching loads), exposure to recent research experiences, collaborations with research institutions, and professional development opportunities. There is, therefore, a critical need for projects that will help CCs to institutionalize a culture of research to provide students with authentic research experiences (AREs).

The standard format for undergraduate research has been the apprenticeship model, where an individual faculty member mentors one or a few students in his or her research laboratory, limiting the number of students who can be impacted. Even if such opportunities are available at a CC, it is unlikely to reach students from groups traditionally underrepresented in research as long as students have to seek out these opportunities themselves. In this case, the benefits will stay with those with the financial wherewithal and social capital to avail themselves of these opportunities. The only way to reach first-generation, minority, and other students who are rarely seen in the research world is to embed the research experience within the normal course work sequence. Therefore, classroom-based undergraduate research experiences (CUREs) are crucial to bringing diversity into the research establishment (Bangera & Brownell, 2014).

ComGen: The Community College Genomics Research Initiative, an NSF-funded program, is a model for how to bring AREs to a wider student audience by embedding research into the curriculum of CCs. In this chapter, we describe the process of developing the curriculum for the CUREs within ComGen, identify the challenges we faced during their development, and describe the strategies we employed to overcome those challenges. The importance of CUREs and the challenges in developing their curricula are widely acknowledged, and many groups across the country have developed solutions. This chapter does not seek to discuss those solutions but rather to chronicle our method of addressing the issue.

Defining Undergraduate Research

It was critical at the beginning of the project to define the term undergraduate research. Definitions put forward have ranged from “If it is new to the students, then it is research” to “It is not research unless it is published in a peer-reviewed journal.” The first definition is clearly too broad and waters down the concept of research beyond recognition, whereas the second definition is too stringent. Much work done in research universities around the world never makes it into a peer-reviewed publication. However, the information from that research is typically disseminated by other means (posters, conference presentations, personal communications, or submissions to databases) and does become available for the community of scientists to use. We understand research to be purposely structured activity that results in the generation of noteworthy data that did not exist before, the analysis of that data leading to specific inferences/conclusions, and making these results available to a community of scientists able take advantage of those data. Clarifying this concept and analyzing the limitations of the traditional higher education paradigm allowed us to develop the ComGen ARE teaching model.

ComGen ARE Teaching Model

The teaching philosophy embodied in the ComGen ARE courses is best described as “hands on/hands off”—hands on for students, hands off for faculty. Hands off for the faculty member does not mean absence from the scene of learning; the instructor is definitely involved but is more an adviser/facilitator than a hovering presence or distant source of expertise. The four key aspects of the teaching philosophy are:


1. High expectations are set on the first day of the course. The instructor needs to “unlearn” the reflex to quickly smooth over any student difficulties and allow the students to struggle productively.

2. Respect for the students is shown by the instructor’s clear indication that she or he believes that the students are capable of performing the research, engendering in students a belief in their own abilities.

3. A safe environment is created where the students feel comfortable enough to risk failure. In fact, the permission to “fail” is a hallmark of this teaching method. For example, early on in the term, the faculty member encourages students to “fail” at simple lab techniques. Students feel free to explore knowing that the instructor is available as a safety net and a resource. As students gain independence, they stop asking for trivial help and use the wider knowledge base of the instructor to ask deeper questions.

4. Communication is key. Students will go through some anxiety, especially in the initial stages, and it is critical for the instructor to communicate clearly and often about why they are being asked to go through this often stressful process.



The First ComGen Research Course: The Graduate School Experience

In the first CURE developed within ComGen, students at Bellevue College enrolled in a stand-alone research course. This pedagogical model goes beyond bringing undergraduate research experience into the classroom and really provides what we have dubbed a “one-quarter graduate school experience.” In the traditional educational paradigm, students get exposed to the day-to-day life of a professional scientist only when they enter their graduate program. Assessing one’s own progress in the absence of regular “grading,” being self-motivated without short-term external deadlines, and developing time and project management are all skills that graduate students slowly develop over time. We developed our pedagogical model to reflect these non-cognitive aspects of research as well as the ambiguity of “not knowing the right answer,” which is the key difference between “cookbook” experiments and authentic research.

To make this course feasible, it was important to identify a research project that allowed a single faculty member to oversee the research conducted by more than a few students but also allowed each student to have an individual project over which she or he felt ownership. Genome sequencing, other molecular biological discovery projects, and bioinformatics projects are ideal for this type of pedagogy. Our research project involved sequencing the genome of a bacterial species important for controlling a serious root disease of wheat. We picked genome sequencing as our project and designed a process whereby a single faculty member can train a large number of students in the same techniques (DNA isolation, quality control, sequencing, and sequence analysis) but make the experience unique to each student by making each student responsible for the sequencing and sequence analysis of a unique set of clones. As part of the graduate school experience, students maintained a laboratory notebook, attended lab meetings and journal clubs, presented their research in poster form, and produced a manuscript based on research journal submission criteria. The research project that students embarked on was a collaboration between Bellevue College and the Root Disease and Biological Control Research Unit of the U.S. Department of Agriculture–Agriculture Research Service (USDA–ARS). The USDA–ARS scientists provided the DNA library, technical advice, and periodic class visits.

The following are key aspects of ARE included in the stand-alone ComGen Research Course:


• Building on previous work reflects the reality that a beginning scientist often works on a project already underway, and that scientists build on the results of previous and concurrent work being done by colleagues in the same laboratory.

• Self-direction is a new experience for CC students accustomed to highly structured curricula with designated textbooks and detailed syllabi. The ComGen ARE syllabus provides broad guidelines and encourages students to develop their own project management skills.

• Self-assessment tools provide students with opportunities to learn and strengthen metacognitive skills.

• Structured critical thinking activities

[image: image] Journal club (where students analyze original research articles) is one of the most challenging tasks required of the students, and it trains students to critically analyze original work.

[image: image] Troubleshooting day-to-day laboratory problems as they arise—on their own, in discussion with other students, or in laboratory meetings—provides students with opportunities to learn and practice critical thinking in a lab group setting typical of scientific research operations.

• Collaboration is a key component in all aspects of ARE projects because the instructor acts mostly as a facilitator. Students have access to the laboratory after class time, which helps to build a sense of belonging and community.

• Teaching is empowering and leads to deeper knowledge. ComGen students get teaching experience as teaching assistants for ComGen ARE laboratory exercises presented in lower level classes.

• Interaction with scientists, as either visits to laboratories or attendance at mini-symposia, help reinforce the broader impact of the students’ work. Students gain a sense of belonging to the scientific community, and the researchers gain an appreciation of the students’ level of understanding and enthusiasm.

• Presenting research at conferences is one of the most empowering components of ARE. When possible, research collaborators arrange to have conference registration fees for students waived. ComGen students present their research at national and international conferences, gaining firsthand knowledge of interactions among scientists and challenging negative stereotypes that often prevail among students about scientists.

• Social interactions are important components in building research communities. Students participate in a social networking site (Facebook) and are encouraged to interact off campus. Including food and beverages in the journal club, lab meeting, and mini-symposium activities also promotes such social interaction.



Synergistic Learning Experience

The mastery of laboratory techniques, the intellectual challenge of penetrating the content and articulating the essence of primary scientific literature to other students, and the sense of acceptance in the community of science create a synergistic learning process that often transforms the learner into a confident and self-motivated student. Students undergo a level of uncertainty as they initially learn how to conduct themselves in a research setting. The process of facing and overcoming this uncertainty facilitates a new confidence in their innate abilities and capacity for further learning. Scientific research is demystified in the process, and the learners come to see themselves as a part of the scientific community. In addition to positive impacts on career aspirations, many students emerge from the ARE experience with an increased sense of accomplishment, self-esteem and motivation to pursue scientific learning, and a strong sense of community.

Developing the research project and pedagogical model unearthed a few challenges. The initial set of challenges involved obtaining the resources needed to get the project going, including purchasing a sequencer and securing an appropriate dedicated laboratory space. Identifying key allies in the administration and clearly articulating the vision of the project’s impact on both student learning and stature of the institution were equally important in obtaining the necessary resources. Most CCs struggle with funding issues and do not tend to have large reserves or endowments to provide faculty release time to support the development of a new course where enrollments could be low. Obtaining NSF funding helped to free up faculty time to develop both the curriculum and assessment tools essential for the program.

Developing this pedagogical style challenged faculty members to move away from traditional instructor-centered teaching models and develop comfort with the loss of the usual control over the classroom setting. Further, faculty members had to develop strategies for managing student expectations to ensure that student anxiety associated with this new pedagogy did not result in negative student evaluations. The solution to this particular challenge, in fact, resulted in the development of specific student support and guidance strategies that were built into the training for faculty, making use of the ComGen ARE teaching model.

Assessment of student learning is of course crucial for building the credibility of any new pedagogical tool and presented its own challenge. Assessing student learning in the stand-alone research course with 6 to 13 students (which is larger than the usual 1 or 2 students in individual research laboratories) was challenging without breaking away from the authenticity of the quasi-graduate school experience being sought. However, this smaller than usual class size (compared with standard undergraduate courses) allowed the instructor to provide ongoing, day-to-day individual support for student self-assessment documentation. In addition to using the available assessment instruments (Lopatto et al., 2008), we developed self-assessment tools that taught students to reflect regularly on their learning and to gain confidence in their own abilities.

The stand-alone course approach was successful and garnered national attention, ranging from being featured in Science (McCook, 2011) to drawing an invitation from the Obama administration to engage in a pledge to increase the number of students in science, technology, engineering, and math (STEM) fields. However, we faced two major challenges as we attempted to disseminate this pedagogical tool. First, as mentioned previously, this elective course was not reaching students from underrepresented groups.
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