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   ALL FOUR OF us had experiences as undergraduates that substantively 
involved us in scientifi c research. Those experiences made signifi cant dif-
ferences in our professional lives. We all have spent our careers at insti-
tutions that have strong traditions of undergraduate research (UR) in the 
sciences and believe that such experiences have positive educational value. 
Reviews of the literature, however, yielded scant scholarly work about 
what kinds of learning occur in undergraduate research. The literature 
revealed studies correlating undergraduate research with pursuing gradu-
ate study or careers in science and plenty of anecdotal testimonials, but 
it was essentially devoid of studies of learning. Based on our experiences 
as students, faculty members, and administrators, we believed that under-
graduate research results in high - quality student learning, but we did not 
know that with confi dence since no careful assessment had been done. 

 Grinnell College decided to look at this issue using funding from its 
National Science Foundation (NSF) Award for Integration of Research 
and Education (AIRE). At an AIRE project directors meeting, Jim Swartz, 
professor of chemistry, vice president for academic affairs, and dean of 
the college, and David Lopatto, professor of psychology, discussed this 
project and invited others to participate. Mary Allen, professor of bio-
logical sciences at Wellesley College, Jim Gentile, professor of biology and 
dean of the natural sciences at Hope College, and Sheldon Wettack, pro-
fessor of chemistry and vice president and dean of the faculty at Harvey 
Mudd College, all expressed enthusiasm, and their institutions agreed to 
engage in a pilot project in the summer of 1999. Elaine Seymour, a soci-
ologist from the University of Colorado at Boulder, attended that project 
meeting, expressed a real interest, and joined in the pilot project. Elaine 
and her research group, Ethnography  &  Evaluation Research (E & ER), had 

      Foreword        
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done seminal work in science education using ethnographic techniques to 
shed light on the issue of why excellent students leave the study of sci-
ence and had helped to assess a major pedagogical development project 
in which one of us (J.S.) was a principal. Thus we were thrilled to partner 
with a group with experience and credentials to help in the assessment 
of student learning and whose members could offer a complement to the 
quantitative research that David Lopatto was starting. 

 That fi rst summer, our AIRE funds were used to pay for surveys and 
interviews with participants in summer research projects on our cam-
puses. During the time when we were working on the pilot project, David 
and Elaine submitted a proposal to the NSF in the fi rst round of fund-
ing of the Research on Learning and Education program. The focus of the 
project was to address the question of what learning gains are achieved 
by students who engage in undergraduate research. Specifi cally, the grant 
proposal requested support to: 

  Clarify the nature of authentic undergraduate research experiences —
 and their variations — in a sample of science disciplines from the view-
points of participating and nonparticipating undergraduates (both as 
seniors and one year from graduation), faculty, and their institutions  
  Identify and categorize the essential elements of good UR experiences, 
the learning gains (cognitive, behavioral, affective, social, and profes-
sional) that they produce over time, the conditions and processes by 
which these occur, and their relative signifi cance in the achievement 
of outcomes that students and faculty value.    

 Ultimately a grant was awarded, and the project took off. Since this was 
a research project, we decided to start with a relatively homogeneous set of 
subjects — like chemists trying to use the purest reagents to study a chemi-
cal reaction. The study would examine students at liberal arts colleges who 
were engaged in full - time, ten - week summer research projects supervised 
by the faculty members at those same colleges. Our colleges were cer-
tainly not the only sites where these questions could be explored, but we 
knew there was much to learn on our campuses that would be of interest 
to us and to others — and importantly, we and our colleagues were willing to 
host the study. Furthermore, we were interested in the possibility that 
the results would help our institutions seek support from foundations and 
individuals to expand and enhance our UR programs. The colleges also 
brought the study some diversity: Wellesley is an eastern women ’ s college; 
Harvey Mudd in the West focuses on science, engineering, and mathemat-
ics; and Grinnell and Hope are midwestern colleges, with Grinnell having 
a more national and Hope a more regional student body. 

•

•
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 Foreword xv

 David and Elaine regularly gathered the four of us to talk about their 
fi ndings, coordinate surveys and interviews, and suggest directions and 
questions for the project. Three of the four of us have changed jobs since 
this project started, but we remained committed to the project. The work 
described here and in Lopatto ’ s forthcoming book,  Science in Solution , 
gives the fi ndings of this important project. The E & ER team and David 
Lopatto accomplished much more than we had imagined in those fi rst 
informal conversations. 

 The results mirror much of what we, as practitioners, intuitively 
thought were the benefi ts of UR. There are, however, some surprising 
fi ndings, in particular about the impact on student career choices and 
faculty concerns about the costs and benefi ts of UR. We not only learned 
about what students learned but also about faculty views of their work 
with students. Although the work started with summer research in sci-
ence, engineering, and mathematics at liberal arts colleges, we believe 
that much of what was learned can be extrapolated to other institutional 
types and disciplines. There is much to learn from it about how to create 
fertile environments for both students and faculty members to engage in 
what George Kuh calls a  “ high - impact ”  educational practice. We are very 
happy to see this product of the work. 

 Jim Swartz, Grinnell College, Grinnell, Iowa 
 Jim Gentile, Research Corporation for the Advancement of Science, 

Tucson, Arizona (formerly at Hope College) 
 Mary Allen, Wellesley College, Wellesley, Massachusetts 

 Sheldon Wettack, Hope College, Holland, Michigan (formerly at 
Harvey Mudd College) 

 March 2009           
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   EACH YEAR IN the summer and during academic terms, thousands of 
undergraduate science, mathematics, and engineering students  participate 
in research in U.S. university, college, and government laboratories. Some 
students attend organized programs that involve them with a cohort of 
peers and a planned curriculum of academic, career, and social  activities 
to support the research experience; others simply join a  laboratory group 
at the invitation of an individual faculty member. Millions of  public 
and private dollars are spent to provide these opportunities. Faculty and 
institutional leaders affi rm undergraduate research as a powerful form of 
experiential education, and departments track the entrance of their research 
students into graduate programs. Many scientists recall their own under-
graduate research project as a formative experience that launched them 
on a path to a scientifi c career. 

 Undergraduate research (UR) experiences in the sciences are thus a 
common practice in U.S. higher education, and their benefi ts to  students 
are nearly a matter of faith. Yet until quite recently, little evidence from 
educational research underlay this belief. In this book, we report on 
evidence gathered from a decade of research on the nature and out-
comes of UR as practiced in the sciences — using the latter term broadly 
to include the natural sciences but also mathematics, engineering, com-
puter science, and psychology, all represented in our research. Our fi nd-
ings identify the benefi ts to students in the short and longer terms and 
address the extent to which these benefi ts are uniquely derived from 
research experiences. We also describe the practices of research advisors 
who supervise students ’  work and guide their development, and the 
inherent tensions that frame that work as faculty balance their own schol-
arly goals with students ’   educational needs. Together with recent work 

                                                                                        Preface        
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from other scholars and evaluators who have examined  undergraduate 
research as an  educational and scholarly practice, our studies yield a 
body of  evidence that  elucidates and supports many practitioners ’  long -
 held beliefs,  challenges others, and provides a research basis to ground 
the  development of future  innovations. 

 While current interest in inquiry - based science education has led to 
broadened use of the term  undergraduate research  to include research - like 
activities and projects included in formal course work, this book focuses 
on the traditional and most intensive model of undergraduate research, 
where students are immersed in a multiweek, open - ended scientifi c 
project, often part of a larger, scientist - led research effort. Summer is the 
time when this intensive immersion is most readily, though not exclu-
sively, accomplished. One crucial component is the relationship of the 
novice researcher as apprentice to an experienced scientist. As the novice 
learns the intellectual craft and social practice of science by doing it, she is 
guided by advice, help, and moral support from a more experienced col-
league. Also crucial is the authentic nature of the scientifi c problem under 
study, which motivates and gives intellectual signifi cance to the investiga-
tion, but also offers a limitless supply of teachable moments that research 
advisors exploit for their deep educational value. As we shall argue, the 
participation of a faculty research advisor as both a scholar and a teacher 
is a key aspect that distinguishes this apprentice model of undergraduate 
research from course - based forms of inquiry. 

 This book is aimed at all those who are interested in undergraduate 
research in the sciences: 

  STEM faculty and other scientists, engineers, and mathematicians 
who work with student researchers, are considering it, or seek similar 
outcomes from their classroom work  
  Faculty in other fi elds where UR is less common but who seek to 
understand the fundamental nature of UR so that they can adapt it 
to the forms of scholarly and creative work practiced in their own 
disciplines  
  Academic administrators interested in the value added by UR to their 
institution ’ s programs, the costs incurred, and the choices to be made 
about whether, and in what form, UR can be supported and sustained  
  Program developers and facilitators who coordinate UR efforts on 
campuses or run UR programs for universities and laboratories  
  Policymakers and program offi cers whose organizations promote and 
support UR or are interested in the broad educational and workforce 
issues that UR is thought to address  

•

•

•

•

•
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 Preface xix

  Researchers and evaluators who seek to improve science education 
through studying or evaluating UR program outcomes or by collabo-
rating with UR practitioners.    

 We have sought to elucidate the outcomes and processes of under-
graduate research as practiced by science students and faculty. Most of 
our data come from two studies, each of which examines UR in a best - case 
scenario of a particular type. The four - college study examines apprentice -
 model UR as practiced at four liberal arts colleges with long experience 
of UR. The Signifi cant Opportunities in Atmospheric Research and Sci-
ence program, known as SOARS, serves as an exemplar of structured UR 
programs designed to recruit, retain, and support students from groups 
underrepresented in the science, technology, engineering, and mathema-
tics (STEM) fi elds. These sites are not unique in providing the student ben-
efi ts and elucidating the practices of research advisors that we document 
here, but as excellent examples of both faculty - led and structured UR pro-
grams, each offered an opportunity to study a well - defi ned and relatively 
homogeneous phenomenon. This research thus addresses the question, 
 “ What outcomes are possible from well - designed and well - implemented 
apprentice - model UR experiences, and by what means do these arise? ”  
This is distinct from the separate, and also important, question of what 
outcomes actually result from the broader set of practices encompassed 
by all the forms of UR that have arisen in diverse institutions and settings. 
Given the lack of research on UR in nonscience disciplines and on all the 
varieties of UR and similar experiences available to students, the latter 
question cannot be generally answered at this time. 

 Chapter  One  establishes our defi nition of undergraduate research and 
its crucial components of authenticity and apprenticeship. It traces the his-
tory of UR in the United States and its apparent, though ill - documented, 
growth in recent decades. The national context for the interest in UR now 
is described, and the design of our research studies is outlined to illumi-
nate the source and nature of the evidence offered throughout the book. 

 Chapter  Two  summarizes the literature that provides evidence about 
the outcomes of undergraduate research, in both faculty - led research 
efforts and structured programs, particularly those targeted to students 
from groups underrepresented in the STEM fi elds. Relatively few well -
 designed research and evaluation studies have been published, and most 
of these have appeared within the past few years. To date, the outcomes 
of these studies align well with each other and with our own fi ndings. 

 Chapter  Three  describes the benefi ts to students of conducting 
research as undergraduates, based on the evidence from interviews with 

•
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UR students, alumni, and research advisors in our four - college study. 
These benefi ts are grouped into six main categories and identifi ed in 
reports from students, alumni, and advisors. 

 Chapter  Four  addresses whether these benefi ts of UR can also be 
gained from other sources, including courses, based on data from inter-
views with a group of comparison students who did not undertake 
summer UR. Because these students participated in a variety of other 
educational experiences, we can discern alternative sources of the same 
benefi ts gained by the UR students and discuss the effi cacy of these alter-
native sources, relative to UR, in providing the benefi ts. 

 Chapter  Five  discusses the longer - term outcomes of UR that are seen 
in longitudinal data from both UR and comparison students when inter-
viewed as alumni, two to three years after they fi nished college. These 
outcomes emphasize the infl uences of UR on early career paths for 
alumni, and they reveal gains that were enhanced with the perspective 
of time as students recognized additional gains and came to value others 
more fully. 

 Chapter  Six  examines the use of UR in programs seeking to recruit 
and retain students from groups that are underrepresented in STEM 
fi elds. Because certain benefi ts of UR directly address the challenges mino-
rity students face, UR is often a centerpiece of such programs. Through a 
case study of one such program, we examine critical elements and how 
they build on, amplify, and augment general features of undergraduate 
research to address minority students ’  needs. 

 Chapter  Seven  discusses how UR advisors work with students, based 
primarily on data from interviews with faculty who were active or former 
UR advisors, and with program administrators. Advisors clearly identify 
aspects of their UR work as teaching, while also emphasizing the impor-
tance of working on unsolved problems of genuine interest in their fi eld. 
Their use of authentic projects and methods with students gives rise to sev-
eral distinct pedagogical strategies that are individually adjusted to foster 
individual students ’  development. This chapter emphasizes the strategies 
that advisors use in their everyday work with research students. 

 Chapter  Eight  examines research advisors ’  mentoring and career 
advising work. By the use of distinctive markers, they monitor and assess 
students ’  progress toward their learning objectives for students. These 
more global functions of advisors arise from their close daily work and 
observation of their research students but extend beyond it. 

 Chapter  Nine  discusses the costs and benefi ts to UR advisors of 
 conducting UR as part of their faculty work. It explores what motivates 
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and sustains faculty ’ s UR work, what they need to sustain it, how they 
balance the costs and benefi ts of undertaking UR, and how these shape 
individual decisions to participate. Central to this discussion is the dual 
role of UR as an educational experience for students and a scholarly 
 activity for faculty. Faculty report benefi ts that are largely intrinsic, but 
their costs are more concrete. Some diffi culties are inherent in conducting 
research with short - term, novice assistants, while other strains arise from 
unresolved considerations of the place of UR in the institutional mission. 

 Chapter  Ten  summarizes key fi ndings and makes arguments about 
the implications of these fi ndings for faculty, campus leaders, funders, 
and researchers, including those working in diverse institutional settings. 
Some emergent issues and issues for future study are also highlighted. 

 In order to keep the main narrative readable and engaging for those 
who do not have prior experience with social science research methods, 
we have documented in a set of appendixes the methodological details for 
the four - college study that provides the bulk of the evidence discussed. 
Appendix A describes the interview samples in detail, providing break-
outs by discipline, gender, and other key variables. Appendix B elaborates 
on the methods of the study. Appendix C summarizes the interview pro-
tocols. Appendix D provides a detailed table that includes the frequency 
counts for each student benefi ts category for all fi ve main interview 
groups. These counts underlie the discussion of quantitative evidence in 
the student - focused chapters. 

 This book is not a how - to manual for those starting new UR  programs 
or labs. For such resources, we recommend that readers consult the 
extensive publication list of the Council on Undergraduate Research. 
This research aims instead to identify the good outcomes of UR for 
 students, elucidate how and why these outcomes arise, and clarify what 
factors support or constrain UR. It can thus work in tandem with the 
wisdom of experienced UR practitioners to guide program designers and 
faculty in identifying trade - offs and making choices among approaches 
or in creating new types of programs that aim to secure similar bene-
fi ts for students. Which strategies best protect the fundamental impor-
tance of authenticity in achieving the benefi ts of UR for students? What 
 methods might begin to foster the same benefi ts in younger students or 
in more constrained circumstances? How should institutions recognize 
and reward UR as part of faculty work? Our research does not answer 
these questions, but it does provide a platform of evidence on which pos-
sible answers can be devised and tried by individual advisors, programs, 
and institutions. 
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 If our fi ndings come as no surprise to readers who are personally 
familiar with undergraduate research as students or advisors, then that 
is validation that we have gotten something right. The details of how 
research advisors work — and, to a lesser extent, how students respond —
 will necessarily vary from place to place. But we are persuaded that many 
of the UR outcomes and processes documented here can be achieved in 
other institutions and through other models of UR when those settings 
adhere to fundamental principles that are apparent in the accounts of 
research advisors and research students that we share in this book.           
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                                                                                                                                                                                                                        What Is Undergraduate 
Research, and Why Does 
It Matter?          

 CONDUCTING RESEARCH IS an important culminating experience in the 
education of many undergraduate science students in the United States. 
This book describes the outcomes of undergraduate research (UR) experi-
ences, the processes by which these outcomes are achieved, and the mean-
ing of these outcomes for both students and the mentors who work with 
them on scientifi c research projects, based on our fi ndings from a multi-
year study of undergraduate research and its role in science education. An 
overarching theme in these fi ndings is the notion of  “ real science, ”  which 
recurs throughout the comments of undergraduate research students and 
their advisors. Their work together on scientifi c research projects provides 
the experiences and observations that form the backbone of this book. The 
importance of  “ real science ”  for students ’  educational and professional 
growth is evident in their own words:   

 It ’ s kind of scary, especially at the beginning. I was like,  “ How can someone 
like me be doing this? ”  [But now] I ’ m coming up with valuable information 
and it ’ s great. I mean, actually producing data and actually doing it, I felt 
like a scientist. But you really feel more like a scientist when you have some-
thing good! (female UR student, biology) 

• • •

 Once your superiors — whom you admire and look up to as  scientists —
 start asking your opinion on a scientifi c matter.  . . .   Personally, it made me 
feel like I was actually a real physicist. (male UR alumnus, physics) 

• • •

Chapter 1

1
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 Presenting at a conference made me feel like I was a part of the  scientifi c 
community . . .  . I have been able to talk about my work and feel like an equal 
[with my advisor], and do it with other people [at my school] — but being able 
to do that with a total stranger was a really, really neat experience. It gave 
me a lot of confi dence and made me feel like I was a real  chemist! (female UR 
alumnus, chemistry) 

• • •

 A lot of things you do in school, like you do homework or whatever, and 
you never feel like you ’ re really doing something real. And this was one 
of the fi rst things that I did that, like, really encompassed everything and 
really brought things together. It was one of the fi rst times I really felt 
like I was really doing something. (male UR student, engineering)   

 Clearly, being  “ real ”  is important to students. So what makes a research 
project  “ real ” ? As we will show, real research is an investigation whose 
 questions, methods, and everyday ways of working are authentic to the 
fi eld. The research questions are well defi ned so that they can be systemati-
cally investigated, but, importantly — and unlike most questions in a class-
room — their answers are unknown. Research results may not be quickly 
forthcoming, but they constitute a genuine contribution to the fi eld if and 
when they do emerge. The research methods are ones used in the discipline 
and seen as valid by disciplinary experts. As in any other research project, 
the choice of methods may be constrained by intellectual, technical, or 
fi nancial resources. For an undergraduate research project, such constraints 
may arise from the involvement of novices and the educational mission of 
their institution — but the term  undergraduate research  does not inherently rule 
out particular approaches to the research question. Perhaps most important, 
as we shall see throughout this book, students and faculty work together 
in ways that are typical of their fi eld and authentic to the profession. Thus, 
students learn the intellectual and social practices of science by doing it. By 
engaging deeply themselves in a particular question, they begin to under-
stand more generally how scientists engage questions and construct knowl-
edge, and that this is a human activity in which they too could participate. 

 As Merkel (2001) points out, the use of the term  undergraduate research  
has not always been clear — indeed, the term  research  itself has different 
meanings in different disciplines and settings. The Council on Undergrad-
uate Research (CUR, n.d) offers a broad - based defi nition:  “ An inquiry 
or investigation conducted by an undergraduate student that makes an 
original intellectual or creative contribution to the discipline ”  (see also 
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