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U
ndergraduate students’partici-
pation in hands-on research
is widely believed to en-

courage students to pursue ad-
vanced degrees and careers in sci-
ence, technology, engineering,
and mathematics fields. SRI Inter-
national conducted a nationwide
evaluation of undergraduate re-
search opportunities (UROs) to under-
stand who participates, what effects
the experience has on them, and
what factors favor positive out-
comes. Our study included four
Web-based surveys, conducted be-
tween 2003 and 2005 and involving
almost 15,000 respondents. The
survey instruments, detailed data
tables, and analytical reports are
available online (1).

Respondents to the first survey
were approximately 4500 undergraduates
and 3600 faculty, graduate student, and
postdoc mentors who participated during
2002 or 2003 in UROs funded by any of
eight NSF programs with a substantial
undergraduate research component. Two
years later, about 3300 individuals who
were undergraduates in the initial survey
responded to the follow-up survey. 

In 2003, we surveyed a nationally repre-
sentative sample of individuals (ages 22 to
35) who had received a bachelor’s degree in
science, technology, engineering, or mathe-
matics (STEM) (n = 3400); in 2004, we con-
ducted a parallel survey of individuals who
had received a bachelor’s degree in a social,
behavioral, or economic science (SBES)
(n = 3200). Of the STEM and SBES survey
respondents, some (sponsored researchers)
knew their research to be sponsored by
NSF, NIH, or NASA. Others (nonsponsored
researchers) did research that was not (as far
as they knew) sponsored by NSF, NIH, or
NASA. A third group (nonresearchers) did
not participate in UROs.

About half of STEM and SBES survey

respondents had participated in UROs. For
about 1 in 15, this research was sponsored
by NSF, NIH, or NASA. The experiences
and outcomes reported by sponsored re-
searchers in the STEM and SBES surveys
proved to be similar to those of the NSF-
participant surveys.

Profile of Undergraduate Researchers

The efforts of NSF and other entities to
encourage the representation of groups his-
torically underrepresented in STEM fields
appear to have been effective. In all of our
surveys, undergraduate researchers were
demographically diverse, with women, blacks,
and Hispanics/Latinos represented at rates
at least equivalent to their rates in the overall
college population. Those who began their
undergraduate education at a 2-year college
were as likely to participate in research
as those who started at a 4-year college
or university. However, URO participation
rates differed across various disciplinary
fields. In the STEM survey, participation
rates ranged from 34% in mathematics and
37% in computer sciences to 72% in chem-
istry and 74% in environmental sciences.
In the SBES survey, rates ranged from 38%
in economics and political science to 63%
in psychology.

Undergraduate researchers were mainly

juniors and seniors, and they tended to have
relatively high grade point averages, reflect-
ing the competitive nature of many under-
graduate research programs. They also were
more likely than nonresearchers to expect to
obtain an advanced degree (2). The STEM
survey found that those who participated in
UROs were twice as likely as those who
did not to have pre-college expectations
of obtaining a Ph.D. (14% versus 7%) (3).
Interest in STEM was likely to have begun in
childhood: 59% of NSF researchers re-
ported that they had been interested in
STEM “since I was a kid,” and another 29%
said they became interested when they were
in high school. This suggests that an effec-
tive time to attract students to STEM may
well be while they are in elementary school
(4). In contrast, interest in SBES was most
likely to have developed during high school
or college.

Undergraduate Research Outcomes

We found that UROs increase understand-
ing, confidence, and awareness (5–8). Most
(88%) of the respondents to the NSF follow-
up survey reported that their understanding
of how to conduct a research project in-
creased a fair amount or a great deal, 83%
said their confidence in their research skills
increased, and 73% said their awareness of
what graduate school is like increased.

UROs also clarify interests in STEM
careers (9). Of respondents to the NSF
follow-up survey, 68% said their interest in a
STEM career increased at least somewhat as
a result of their URO (see figure above).

Finally, UROs increase the anticipation
of a Ph.D. (10). Of respondents to the NSF
follow-up survey, 29% had “new” expecta-
tions of obtaining a Ph.D.—that is, they
reported that before they started college they
did not expect to obtain a Ph.D., but now (at
the time of the survey) they did expect
to obtain one. In the STEM survey, “new”
expectations of obtaining a Ph.D. were
reported by 19% of sponsored researchers,
12% of nonsponsored researchers, and only
5% of nonresearchers (see figure, page 549).

Students who participated in research
because they were truly interested and who
became involved in the culture of research—

Surveys indicate that undergraduate research

opportunities help clarify students’ interest in

research and encourage students who hadn’t

anticipated graduate studies to alter direction

toward a Ph.D.

1SRI International, Menlo Park, CA 94025, USA. 2SRI
International, Arlington, VA 22209, USA. *To whom corre-
spondence should be addressed. E-mail: susan.russell@
sri.com

Raising interest. UROs often increase a student’s interest 
in STEM careers.
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attending conferences, mentoring other stu-
dents, authoring journal papers, and so on—
were the most likely to experience the
“positive” outcomes noted above, such as
increased interest in a STEM career. The
overall duration of research experiences and
the variety of research activities also were
related to positive outcomes (11). For exam-
ple, in the STEM survey, 30% of researchers
with more than 12 months of research expe-
rience reported that they expected to obtain
a Ph.D., compared with only 13% of those
with 1 to 3 months of research experience
and 8% of those with no research experi-
ence. However, some of the commonly as-
signed research activities—preparing writ-
ten final reports, in particular—tended to be
unrelated to positive outcomes. The time of
year in which the research experience took
place (summer versus academic year) also
was largely irrelevant.

We found little evidence of a relationship
between mentoring characteristics and posi-
tive outcomes in responses to our structured
(multiple-choice) questions. For example,
neither involvement in decision-making nor
perceived adequacy of mentor guidance was
very strongly related to positive outcomes.
However, in response to an open-ended ques-
tion, by far the most common suggestions
that students made about how to improve
undergraduate research programs concerned
increased or more effective faculty guidance.
We suspect that the absence of strong rela-
tionships on the structured questions reflects
the complexity of the mentor’s role rather
than its unimportance. Respondent com-
ments, as well as other research (12), suggest
that mentors who are able to combine enthu-
siasm with interpersonal, organizational, and
research skills play a large role in facilitating
positive outcomes. 

Differential Group Needs 

Among racial/ethnic groups, effects of
UROs tended to be strongest among
Hispanics/Latinos and weakest among non-
Hispanic whites, but most racial/ethnic-
group differences that were statistically sig-
nificant were nevertheless relatively small
(typically less than 10 percentage points).
Our surveys found almost no differences
between men and women on any of the study
variables, supporting observations of gender
similarities in mathematics and science (13).
Similarly, in our survey of NSF principal
investigators (PIs) and mentors, only 4%
identified differences in needs between men
and women, and only 2% specified differ-
ences by racial/ethnic group.

We also explored whether it is important

for women and minorities to have mentors
who are similar to themselves (14). We found
that women who had some female mentors or
all female mentors were no more likely than
those who had no female mentors to expect
to obtain a Ph.D. or to gain new expecta-
tions of obtaining a Ph.D. The findings with
regard to blacks and Hispanics/Latinos simi-
larly showed no statistically significant differ-
ences. Across many comparisons, all groups—
men, women, minorities, and nonminorities—
who had both male and female mentors or
both same- and different-race/ethnicity
mentors tended to have slightly “better” out-
comes (e.g., greater gains in confidence) than
did those who had either only same or only
different mentors. However, statistically sig-
nificant differences were as common among
men as among women and more common
among non-Hispanic whites than among
minorities. Thus, our findings suggest that
having a mix of mentors (in terms of their sex
and race/ethnicity) is likely to have a mildly
beneficial effect for all students, not just
women and minorities.

Conclusion

The large number and variety of students sur-
veyed represented a variety of colleges and
universities. Many types of undergraduate
research experience fuel interest in STEM
careers and higher degrees. No formulaic
combination of activities optimizes the URO,
nor should providers structure their pro-
grams differently for unique racial/ethnic
minorities or women. Rather, it seems that
the inculcation of enthusiasm is the key

element—and the earlier the better. Thus,
greater attention should be given to fostering
STEM interests of elementary and high
school students and providing UROs for
college freshmen and sophomores.
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•Increased	interest	in	science	as	a	career

•Increased	understanding	of	how	to	conduct	a	

research	project

•Increased	confidence	in	research	skills

•Increased	awareness	of	nature	of	graduate	

school



Benefits	of	long-term	UR?

CBE—Life Sciences Education
Vol. 11, 260–272, Fall 2012

Article

The Benefits of Multi-Year Research Experiences:
Differences in Novice and Experienced Students’ Reported
Gains from Undergraduate Research
Heather Thiry,* Timothy J. Weston,† Sandra L. Laursen,* and Anne-Barrie Hunter*

*Ethnography & Evaluation Research (E&ER), University of Colorado, Boulder, CO 80309-0580; †Alliance for
Technology, Learning and Society (ATLAS) Institute, University of Colorado, Boulder, CO 80309-0320

Submitted November 10, 2011; Revised April 3, 2012; Accepted April 9, 2012
Monitoring Editor: Mary Lee S. Ledbetter

This mixed-methods study explores differences in novice and experienced undergraduate students’
perceptions of their cognitive, personal, and professional gains from engaging in scientific research.
The study was conducted in four different undergraduate research (UR) programs at two research-
extensive universities; three of these programs had a focus on the biosciences. Seventy-three entry-
level and experienced student researchers participated in in-depth, semi-structured interviews and
completed the quantitative Undergraduate Research Student Self-Assessment (URSSA) instrument.
Interviews and surveys assessed students’ developmental outcomes from engaging in UR. Expe-
rienced students reported distinct personal, professional, and cognitive outcomes relative to their
novice peers, including a more sophisticated understanding of the process of scientific research.
Students also described the trajectories by which they developed not only the intellectual skills nec-
essary to advance in science, but also the behaviors and temperament necessary to be a scientist. The
findings suggest that students benefit from multi-year UR experiences. Implications for UR program
design, advising practices, and funding structures are discussed.

INTRODUCTION

Widespread investment and engagement in undergraduate
research (UR) demonstrate the vital role it is thought to play
in educating future scientists. Federal and private funding
agencies support an array of opportunities for undergrad-
uates to participate in scientific research (National Science
Foundation [NSF], 1996; National Research Council, 1999),
and the number of undergraduates participating in UR in
scientific fields appears to be increasing (Laursen et al., 2010);
however, little is known about the trajectories of students’ de-

DOI: 10.1187/cbe.11-11-0098
Address correspondence to: Heather Thiry (heather.thiry@colorado
.edu).
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“ASCB R⃝” and “The American Society for Cell Biology R⃝” are regis-
tered trademarks of The American Society for Cell Biology.

velopment in UR experiences or the differences in outcomes
between novice and experienced undergraduate researchers.

More than a decade of empirical research has demonstrated
the benefits to students from participating in UR. Engaging
in authentic, real-world research in science, technology, engi-
neering, and mathematics (STEM) fields not only socializes
undergraduates into scientific thinking and practices, it may
also play a significant role in students’ educational and ca-
reer trajectories. Many studies have demonstrated increased
interest in and awareness of science careers (Ward et al., 2002;
Zydney et al., 2002; Bauer and Bennett, 2003; Seymour et al.,
2004; Russell, 2005; Hunter et al., 2007; Laursen et al., 2010;
Thiry et al., 2011), particularly among groups underrepre-
sented in scientific fields (Nagda et al., 1998). UR has also
been argued to increase graduation rates (Nagda et al., 1998;
Kim et al., 2003) and retention in their majors for underrep-
resented minority students (Nagda et al., 1998; Jones et al.,
2010). However, the literature on the impact of UR on stu-
dents’ actual career trajectories is mixed: research on UR at
liberal arts colleges (LACS) has shown that participating in
research serves to confirm students’ pre-existing career and
educational goals (Seymour et al., 2004; Hunter et al., 2007);
other studies at non-LACS have reported that UR experiences

260
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Table 6. Frequencies of Thinking and Working Like a Scientist codes from student interviewsa

Novice students Experienced students

Code n % of novices n % of experienced students

Gains in data-collection skills 27 93 44 100
Gains in data analysis and interpretation 12 41 28 64
Gains in problem solving 13 45 42 95
Gains in figuring out the next steps of an experiment 3 10 12 27
Gains in understanding experimental design 4 14 22 50
Gains in identifying a research question 1 3 7 16

aNovice students: n = 29; experienced students: n = 44.

more intellectual benefits from prior research experience than
do sophomores. Given the disparity in mean scale scores
between novice and experienced seniors, the data suggest
that senior year may be too late for students to enter research
in order to achieve the greatest benefit. We can tentatively
conclude that students gain more intellectual benefits from
multi-year research experiences. However, further statistical
testing with larger sample sizes is needed.

Qualitative findings shed further light on the differ-
ences in novice and experienced students’ perceptions of
their cognitive development and thus begin to outline the
developmental progression of undergraduates’ intellectual
growth from research. As shown in Table 6, experienced stu-
dents in interviews were more likely to report gaining higher-
level scientific skills, while novice students were more likely
to discuss gains in mastering data-collection techniques. Al-
most all students—novice and experienced—described gains
in collecting scientific data, while only 14% of novices and
fully 50% of experienced students reported gains in advanced
scientific skills, such as understanding experimental design.

In interviews, students were asked what contributed to
their understanding of the science underlying their research
project. Many students responded that they did not have
the conceptual background to understand their project when
they first entered the research group. Early entry novice stu-
dents (typically sophomores), in particular, had not taken the
advanced courses in their major that might help them to un-
derstand the theoretical underpinnings of their projects or
the significance of their work within the broader discipline.
Novice students who regularly interacted with senior scien-
tists, participated in group meetings, and conducted reviews
of relevant literature began to develop a better understanding
of the essential concepts in their field. The following comment
is typical of how novices described learning basic techniques
and concepts from their research advisors through regular
lab interactions:

I’ve done quite a bit of molecular biology with [my
advisor], actually preparing DNA, and RNA, and mak-
ing gels. That’s really a fun experience, ’cause he’s an
excellent molecular biologist. So we just hang out, and
he explains to me all about how the DNA and the RNA
work, and how you have to be careful because you
can contaminate the room with DNA, and you can’t
ever get it out. And so I’ve been learning lots of the—I
don’t actually know all the names of them—but I have
been learning a lot of molecular biology techniques.—
Novice student

Experienced students often described a process in which
their understanding of difficult concepts or terminology had
“just clicked” at some point during their research experience.
Subsequently, they were not only able to better understand
the science underlying their experiments but also to think
about how their new knowledge might transfer to future sit-
uations. Feldman et al. (2009) describe this growth as students’
cognitive progression from novice researchers to proficient tech-
nicians, although they were applying these terms to graduate
students. The following comment is typical of the way that
experienced undergraduate students described the progres-
sion of their conceptual understanding:

I think it takes time to develop, to figure out what ex-
actly you’re studying. You get introduced to it on such
a small level that you’re like, “I don’t even know what
that is,” and so you have to read and talk about it, and
then it comes with time. It’s weird because I feel like it
just happened, and one day I was like, “Now I know
what they’re talking about!”—Experienced student

Once students had gained basic knowledge of the con-
cepts underlying their research project, they could then begin
to apply that knowledge to a research question or problem.
Mastery of key concepts and theories, and the development of
critical-thinking and problem-solving skills, were prerequi-
sites for developing more advanced scientific thinking skills,
such as determining the next steps of an experiment or de-
signing an experiment. While almost all students reported
gains in data-collection techniques, both in interviews and
on the URSSA, experienced students were more likely than
novice students to have engaged in data analysis. Fully 66%
of experienced students reported growth in this area in in-
terviews, while only 41% of novice students reported having
participated directly in analyzing and interpreting their data.
The following comment from an interview is representative
of the ways in which students described gaining data analysis
and interpretation skills:

At first [analyzing data] was hard. You could see there’s
an effect, but it was hard to see what that effect was,
or what contributed to it. But, after reading through
several times with the grant proposal, and looking at a
lot of different graphs, and then our weekly meetings—
now I can, at least within our lab, definitely look at a
graph or table, and be able to infer that there was an
effect, and what that effect was from. At first it was
hard, but now it’s definitely much easier.—Experienced
student

266 CBE—Life Sciences Education
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Table 7. Individual item means and SDs for URSSA Personal/Professional Gains scalea

Novice students Experienced students All students
Item. How much did you gain in the following areas as a result of your

most recent research experience?b Mean SD Mean SD Mean SD

Confidence in my ability to do research 2.82 1.1 3.38 0.68 3.26 0.81
Confidence in my ability to contribute to science 2.75 1.0 3.32 0.78 3.19 0.87
Comfort in discussing scientific concepts with my research mentor 3.18 0.60 3.40 0.82 3.33 0.76
Comfort in discussing scientific concepts with other research students 2.85 0.84 3.45 0.69 3.31 0.76
Comfort in working collaboratively with others 3.09 0.70 3.64 0.57 3.47 0.65
Confidence in my ability to do well in future science courses 2.98 0.94 3.26 0.79 3.19 0.83

aNovice students: n = 29; experienced students: n = 44. Overall scale mean = 3.23; overall SD = 0.72.
b1 = no gain; 2 = a little gain; 3 = good gain; 4 = great gain.

Few prior studies have reported undergraduate gains in
experimental design skills (Kardash, 2000; Hunter et al., 2007;
Feldman et al., 2009). Likewise, in this study, only the most
experienced students described engaging in these higher-
order activities. Only four novice students reported gaining
experimental design skills in interviews, and no novice stu-
dents reported a “great” gain in this area on the URSSA. In
interviews, experienced students expanded on the processes
by which they began to develop experimental design skills.
Students learned from participating in discussions about re-
search design in lab meetings or by providing input into the
design of their own project. One student had designed her
own experiment independently, while the other students re-
ported that they had designed or modified experiments in
close collaboration with a senior scientist, as described in the
following observation:

I had input [into the experimental design]. I looked
at a couple of papers that did similar work and then
brought my ideas up to [the PI and my research
advisor]. And they agreed and disagreed with a few
things, and so we changed and found what works best.
It was a joint effort. I brought up the idea and they were
just like, “Oh yeah, that’s definitely something that we
were hoping to get done.”—Experienced student

In conclusion, novice and experienced students displayed
distinct differences in the nature of their reported intellectual
gains that suggest patterns in cognitive developmental trajec-
tories as students advanced in research. Novice undergradu-
ate researchers first gained basic conceptual and disciplinary
understandings of the field and mastered data-collection
techniques, and then began to develop problem-solving skills
as they confronted setbacks and learned to troubleshoot ex-
periments. Experienced undergraduate researchers gained
further skills in analyzing and interpreting data and honed
their problem-solving skills. More rarely, some very expe-
rienced students gained advanced scientific thinking skills,
such as proposing a research question or providing input into
developing or modifying an experimental design. As we have
reported before (Laursen et al., 2010), these advanced skills
came from greater exposure and personal experience in re-
search. The social interactions within the research experience
were integral to students’ intellectual gains. Students’ regular
interactions with senior scientists and their discussions with
their mentors and research groups about their work and the
research literature helped them to gain these new skills and
understandings (Thiry and Laursen, 2011).

Personal/Professional Gains
As students became more intellectually and socially inte-
grated into their research groups, they began to gain confi-
dence in their ability to do research and to feel that they could
make a concrete contribution to the work of the group and
to their discipline overall. Differences for novice and experi-
enced researchers on the Personal/Professional Gains scale of
the URSSA were not statistically significant using Pearson’s
chi-square test, indicating that both novice and experienced
students report substantial personal and professional gains
from research. The qualitative data, however, reveal more
nuanced differences in the nature of these gains.

Unlike the intellectual gains, which demonstrate a clear
progression, the gains in the Personal/Professional Gains
scale focus on confidence and collaboration—benefits that
seemingly can be achieved much earlier in the research ex-
perience. Table 7 displays the means and SDs of the individ-
ual items on the Personal/Professional Gains scale, disaggre-
gated by experience level.

Differences between novice and experienced students
emerged when examining the data in light of students’ year
in school. A two-way ANOVA was conducted to examine
the effect of prior research experience and year in school on
students’ personal and professional outcomes. There was a
marginally significant main effect for prior research experi-
ence (F(1, 63) = 3.583, p = 0.063), a nonsignificant main effect
for year in school (F(1, 63) = 0.525, p = 0.594), and no signif-
icant interaction between the effects of research experience
and year in school (F(2, 63) = 0.229, p = 0.796). The model
may not have had enough power, as observed power was
50%, indicating the sample size may have been too small to
detect statistical significance.

Table 8, however, reveals differences in personal and pro-
fessional outcomes based on prior research experience for
students at all levels—sophomores, juniors, and seniors. The
mean difference in Personal/Professional Gains scores be-
tween experienced and novice sophomores was 0.22, while
it was 0.58 for juniors and 0.45 for seniors. Although novice
students gain confidence and team skills from research, expe-
rienced students consistently report larger gains, regardless
of their year in school. Table 8 presents the scale means and
SDs for the Personal/Professional Gains scale disaggregated
by year in school and prior research experience.

Even though novice students rated their personal gains
lower on the URSSA, in interviews, both novice and
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•Student	base:	Sophomore	to	senior	geology	majors;	largely	first	generation;	

mean	ACT	21.8	

 
Location 

College-
going 
fraction 

Adults with 
Baccalaureate  
degree only 

Adults with 
graduate or 
professional degree 

McDowell Co., WV 36.8% 4.3% 2.0% 
Mercer Co., WV (Concord U. home) 52.6% 10.7% 5.7% 
Raleigh Co., WV 48.8% 9.6% 5.8% 
Wyoming Co., WV 50.4% 5.5% 3.8% 
West Virginia average (ranks 50th) 59.3% 10.6% 6.7%  
United States average 68.3% 17.6% 10.3% 
*Source: WV Higher Education Report Card, 2010; American Community Survey Briefs, 2011; and Concord 
University McNair Scholars office  

	



Goals	of	our	project

•To	determine	how	a	multi-year,	curriculum-based	undergraduate	research	

experience	(MY-CURE)	impacts	student	learning

•CURE	model	is	scalable	and	non-selective

•Student	base:	Sophomore	to	senior	geology	majors;	largely	first	generation;	

mean	ACT	21.8	

With	respect	to	known	UR	benefits,	which	aspects	of	a	multi-year	

experience	most	directly	enhances	students’	knowledge	of	geology,	

research	process	skills,	and	communication	ability?



The	MY-CURE	model

GEOL	205	Environmental	and	Applied	Geology	(Fall)	à

GEOL	370	Earth	Materials	and	Minerals	(Spring)	à

GEOL	380	Structural	Geology	(Fall)	à

GEOL	375	Petrology	(Spring)	à

GEOL	404	Field	Camp	(Summer)



UG	Research	Project	 Seismogenic	fault	rocks	(Homestake	shear	zone,	Colorado)



UG	Research	Project	



UG	Research	Project	



UG	Research	Project	



Assessment



Assessment



Conclusion

Does	Longer	Engagement	in	Undergraduate	
Research	Lead	to	a	More	Sophisticated	
Understanding	of	the	Nature	of	Science?


