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The present study examined the reliability of student evaluations of summer undergraduate
research experiences using the SURE (Survey of Undergraduate Research Experiences) and a
follow-up survey disseminated 9 mo later. The survey further examines the hypothesis that
undergraduate research enhances the educational experience of science undergraduates, attracts
and retains talented students to careers in science, and acts as a pathway for minority students
into science careers. Undergraduates participated in an online survey on the benefits of under-
graduate research experiences. Participants indicated gains on 20 potential benefits and reported
on career plans. Most of the participants began or continued to plan for postgraduate education
in the sciences. A small group of students who discontinued their plans for postgraduate science
education reported significantly lower gains than continuing students. Women and men re-
ported similar levels of benefits and similar patterns of career plans. Undergraduate researchers
from underrepresented groups reported higher learning gains than comparison students. The
results replicated previously reported data from this survey. The follow-up survey indicated that
students reported gains in independence, intrinsic motivation to learn, and active participation

in courses taken after the summer undergraduate research experience.

INTRODUCTION

Writing for Science magazine, Jeffrey Mervis (2001) wrote,
“More and more undergraduates are working in labs and
out in the field. But what's the point?” Mervis cited statistics
indicating that the number of students engaged in some type
of research had risen by 70% in a decade. Although the value
of an undergraduate research experience was endorsed in
the literature through testimonials and anecdotes, little in
the way of systematic study of the benefits of the under-
graduate research experience was available until recently
(see Seymour et al., 2004, for a review). Qualitative research
(Seymour et al., 2004) and quantitative research (Lopatto,
2004) have since established a reasonably precise and em-
pirically supported set of benefits for students who have an
authentic research experience in the sciences. The present
study investigates the replication of the quantitative find-
ings and explores the effect of the undergraduate experience
9 mo after the experience was concluded as well as the
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possible influence of the experience on the undergraduate
student’s subsequent classroom experience.

The SURE

The Survey of Undergraduate Research Experiences (SURE)
is funded by the Howard Hughes Medical Institute as a tool
for assessing undergraduate research experiences. The re-
search program was motivated by the following three stra-
tegic questions regarding the outcomes of the undergradu-
ate experience: 1) Is the educational experience of
undergraduates being enhanced by a research experience? 2)
Are undergraduate research programs attracting and sup-
porting talented students interested in a career involving
scientific research? 3) Are undergraduate research programs
retaining minority students in the pathway to a scientific
career? In a report on the first findings of the SURE, Lopatto
(2004) presented data that supported affirmative answers to
these questions. Data from 1135 student respondents repre-
senting 41 institutions showed that students generally had a
very positive experience with undergraduate research, re-
porting large gains in technical and personal skills. More
than 87% of the respondents either began or continued to
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plan for further education in science. Only 4.5% of the re-
spondents reported discontinuing their original plan for
further education in science. Students discontinuing their
pursuit of science education showed a clear pattern of di-
minished benefits when compared with the overall cohort.
Among the majority who reported large learning gains and
a continued interest in science there were no differences
between genders, among ethnic groups, or among institu-
tional types. To test reliability of the first findings of the
SURE, an identical version of the survey was offered to
undergraduate researchers the following year. Furthermore,
a follow-up version of the survey was offered to respon-
dents. The follow-up survey asked the students to reevalu-
ate their learning gains 9 mo after their summer research
experience. In addition, the survey included questions re-
garding the influence of the undergraduate research experi-
ence on subsequent classroom experiences. Students who
reported taking additional course work in the same field as
their research experience were asked three probe questions
suggested by the literature on undergraduate research. The
questions were used to measure the degree to which re-
search experiences encourage undergraduates to be more
intrinsically interested in science, to be more independent,
and to be more active learners (Chaplin et al., 1998; see
Seymour et al., 2004 for an overview).

MATERIALS AND METHODS

Description of the Respondents

As reported by Lopatto (2004), the original 2003 SURE was com-
pleted by 1135 undergraduates representing 41 universities and
colleges. In the second year, on which the present report is based,
2021 undergraduates representing 66 institutions completed the
survey. The overall response rate was 75%. The 66 institutions
included 28 universities, 27 colleges, and 11 master’s level institu-
tions. Demographic characteristics of the respondents are given in
Table 1. In Table 1, as is true of every tabular or statistical presen-
tation in this report, there are missing cases. Students may have
failed to indicate their institution, declined to specify personal char-
acteristics, or left an evaluative question unanswered because it did
not apply to them. The distribution of men and women was uniform
across ethnic categories. The distribution of ethnic categories within
institutional types is nearly uniform, whereas between institutional
types there is higher representation of minority groups among
university students. Approximately 59% of the respondents are
women. Table 2 shows the research fields of the respondents
crossed with the sex of the respondent. As might be expected from
national trends, women outnumber men in biology, chemistry, and
biochemistry, but men outnumber women in physics, mathematics,
computer science, and engineering. Forty-eight percent of the re-
spondents reported they were in the summer before their fourth
year as undergraduates. Third-year students made up 33.7% of the
total, and second-year students made up approximately 16% of the
total. Younger respondents were rare: 1.6% of the total. About 38%
of the respondents reported no prior experience in undergraduate
research. Older students tended to report more prior experience
than younger students. Six hundred twenty-eight undergraduates
(31% of the 2004 cohort) completed the follow-up survey in the
spring of 2005. The ethnic composition of the follow-up sample
included a higher percentage of Caucasian students (70%) than in
the original cohort. Approximately 65% of the follow-up respon-
dents are women. Respondents to the follow-up survey represented
57 institutions.
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Table 1. Description of respondent characteristics

College

Ethnicity Male students Female students
African American 9 16
Asian American 10 51
Caucasian 149 279
Foreign national 16 27
Hispanic 4 14
Native American 0 1
Other 5 24
Multiracial 8 12
Total 201 (10.8) 424 (22.8)

Master’s college or university
Ethnicity Male students Female students
African American 3 3
Asian American 17 10
Caucasian 72 87
Foreign national 1 5
Hispanic 7 5
Native American 0 0
Other 1 1
Multiracial 3 5
Total 104 (5.5) 116 (6.2)
Research university

Ethnicity Male students Female students
African American 19 41
Asian American 83 97
Caucasian 248 325
Foreign national 32 28
Hispanic 32 39
Native American 0 2
Other 18 15
Multiracial 21 16
Total 453 (24.3) 563 (30.2)

Missing data result from respondents who chose not to report any
one of the variables of sex, ethnicity, or institution. Values in pa-
rentheses are percentages. Subtotal percentages are based on 1861
cases reporting all variables.

The Surveys

The SURE consisted of 44 items, including demographic vari-
ables, learning gains, and evaluation of aspects of summer pro-
grams.' Items regarding learning gains were suggested by
previous survey research. The follow-up survey consisted of 35
items, including repeated items from the original survey concern-
ing demographic variables and learning gains. In addition, re-
spondents were asked if they continued their research into the
academic year, how they communicated the results of their re-
search, and how their summer research experience affected sub-
sequent course experience in the same department. Both surveys
were located online on a server at Washington University in
St. Louis.

"Readers may access the survey at http://www.biology.
wustl.edu/suresurveys and the follow-up survey at http://www.

biology.wustl.edu/suresurveys/followup.

CBE—Life Sciences Education



Table 2. The research fields of the respondents classified by sex
of respondent

Sex

Research field Male Female
Biology 278 (34) 496 (43)
Chemistry 93 (11) 140 (12)
Physics 74 (9) 45 (4)
Earth and Planetary Science 14 (2) 35(3)
Mathematics 31(4) 28 (2)
Computer Science 38 (5) 11 (1)
Biochemistry 84 (10) 143 (12)
Bioinformatics 29 (4) 9(<1)
Neurobiology 61 (8) 100 (9)
Engineering 76 (9) 50 (4)
Education 1(<1) 3(<1)
Social Science 14 (2) 41 (4)
Humanities 1(<1) 8 (<1)
Natural Science 11 (1) 42 (4)
Total 812 1164

Values in parentheses are percentages. Percentages are based on the
column totals.

Procedure

Notices of survey availability were sent to each program director
(PD) in early July. Participating PDs were asked to specify the
number of students from their school eligible to take the survey and
the date on which they would be asked to do so. The target date for
student responses was immediately after the end-of-program sym-
posium or other “summing up” activity. Two weeks after that date
PDs were informed how many students had participated, giving the
PDs the option to contact their students to remind them to partici-
pate in the survey. Students were provided with a name and pass-
word for access to the survey. Within the survey students identified
their school and provided demographic information, but anonymity
was maintained. Student names were collected for a raffle that
awarded gift certificates to the winners, but the names were sepa-
rated from the survey material. Students answered items on the
survey by either selecting from a pull-down menu or choosing a
number on a rating scale. A “no answer” option was available. At
the end of the survey students were provided with a text box for
written comments, which were directed to the PD for that institu-
tion by e-mail. After the site closed, all PDs received the aggregate
results for their school. There were no changes in the format of the
survey over the 2 yr of its administration. The target survey popu-
lation consisted of undergraduate students participating in summer
research programs. Program directors provided general informa-
tion regarding the type and number of participants. A condition for
participation was that students engage in full-time research activi-
ties for a minimum of 6 wk. Within the survey, students identified
their institution and provided ethnographic information. A separate
file retained the students’ electronic mail address, if offered, for a
later invitation to complete the follow-up survey. The follow-up
survey was conducted in a similar manner. In April of the following
year an invitation was sent via e-mail to students who had partic-
ipated in the survey and who had volunteered for the second
survey. The format for the follow-up survey was similar to that for
the main survey, with the addition of three questions regarding the
effect of the undergraduate research experience on subsequent be-
havior in courses in the same field as the research experience. Data
from the main survey were collected in the summer and autumn of
2004, with the follow-up offered in the spring of 2005.
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RESULTS

Students reported plans they made for their postgraduate
careers. These choices for both original and follow-up sam-
ples are summarized as percentages in Table 3. Most of the
undergraduate respondents had plans for further education,
with the leading two categories being medical school and
doctoral work in biology. The overwhelming majority of
undergraduate researchers reported that their research ex-
perience either sustained or increased their interest in post-
graduate education (Table 4). Only 4.2% of the undergrad-
uate researchers changed their plans away from
postgraduate science education.

Respondents were asked to evaluate five aspects of their
experience, including expectations, research supervisor,
peers, openness to another research experience, and overall

Table 3. Respondents’ reported plans for science education beyond
the undergraduate degree

Percentage of Percentage of

Plan overall sample follow-up sample

Ph.D. in biology related field 22.2 26.2
Ph.D. in physical science 19.5 18.8
MA in life science 2.2 1.3
MA in physical science 44 3.1
Advanced degree in field 2.3 2.6

other than sciences
Medical school (M.D.) 19.5 17.3
M.D./Ph.D. 14.5 10.8
Other health professions 4.0 53
Law or business degree 1.6 1.8
Teaching 0.6 0.6
Peace Corps or similar 1.3 1.8
Work first 6.2 8.3
No school after college, 12 1.1

science career
No school after college, non- 0.4 1.0

science career

Table 4. Responses to the question about how the research expe-
rience influenced the student’s plan for postgraduate education

Percentage of
respondents

Percentage of

Response follow-up sample

Had a plan for postgraduate 622 57.3
education that has not
changed

Confirmation of postgraduate 27.1 28.4
education consideration

Research has changed prior 3.7 2.7
plan; student initiates plan
for postgraduate science
education

Research has changed prior 4.2 6.2
plan; student discontinues
plan for postgraduate science
education

Still no plans for postgraduate 3.1 2.9
education
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sense of the experience: 53.4% reported their experience was
better than expected; 81.6% of respondents evaluated their
research supervisor as above average or outstanding; 78.5%
reported that their student peers moderately or greatly en-
hanced their experience; and 93.1% of the respondents indi-
cated they would do another research experience if they
could. Finally, 84.5% of the respondents rated their summer
research experience positively. All of these proportions are
very similar to those reported in the previous year of the
survey (Lopatto, 2004).

Twenty evaluative items on specific learning gains were
presented to the respondents, who indicated the degree of
gain on a 1-5 scale. Figure 1 shows the mean gains for the
original survey group (Lopatto, 2004), the mean gains for the
current survey group, and the mean gains for the follow-up
group. The items, which are described on the abscissa, are
arranged from highest rated to lowest rated for convenience.
The pattern of ratings is very similar, both across survey
years and between original and follow-up surveys. In all
three samples, the highest rated gain is in “Understanding of
the research process in your field.” Among the two original
survey groups the ordinal position of the mean ratings is
almost completely uniform. Gains in “Readiness for more
demanding research” and “Understanding how scientists

work on real problems” are highly rated, whereas “Learning
ethical conduct” is the lowest rated gain, followed by “Skill
in science writing” and “Skill in oral presentation.” These
results suggest that the current data were a strong replica-
tion of the results from the original survey. The conformity
of the follow-up survey means with the two original surveys
also suggests high consistency. The within-survey consis-
tency of the learning gains items was calculated by use of an

a coefficient between 0 and 1. Both the main survey (0.94)
and the follow-up survey (0.93) displayed high consistency
across the items. Although specific respondents could not be
matched between the main survey and the follow-up sur-
vey, an ecological correlation, which measures the relation
between the means of the items across two administrations
of the survey, was computed at 0.97.

Lopatto (2004) reported that students who were influ-
enced by the research experience to initiate plans for further
science education rated 13 learning gains significantly
higher than a comparison group of students who were in-
fluenced by the research experience to discontinue plans for
further education in science. This pattern of higher gains
was replicated in both the main survey and the follow-up
survey. Figure 2 compares the mean learning gains for re-
spondents who changed their plans toward science with the
mean learning gains for respondents who changed their
plans away from science. Ratings of learning gains were
consistently higher for students who became interested in
further education in science. In the main survey, a multivar-

iate analysis of variance on the 20 learning gains for these
two groups yielded a significant overall difference (F,, 1,4 =
2.4; p < 0.01). The groups differed on six items, with higher
ratings for the group that initiated plans for further science
education on items such as “Readiness for more demanding
research,” “Tolerance for obstacles,” and “Understanding
how scientists work on real problems.” The overall signifi-
cant difference in learning gains persisted in the follow-up
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Figure 1. The figure illustrates the mean learning gains for each

sample of student respondents. Year 2003 data were first reported in
Lopatto (2004).
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undergraduate research experience and students who discontinued
plans for further science education as a result of their undergradu-
ate research experience. The group labeled “science” was attracted

to science, whereas the group labeled “no science” changed away
from science. FU, follow-up.

CBE—Life Sciences Education



survey (Multivariate F,,,, = 2.89; p < 0.01) despite a much
smaller number of observations. The groups differed on 12
items, with higher ratings for the group that initiated plans
for further science education. The more pronounced differ-
ence between the two groups in the follow-up may have to
do with self-selection of respondents. Nevertheless, it is
intriguing that opinions about the research experience may
polarize over time.

Because many federally and privately funded grants en-
courage institutions to recruit students—particularly stu-
dents from underrepresented groups—from other institu-
tions to share in research opportunities, it is not surprising
that 422 (20.9%) of the respondents reported having their
research experience at another institution where they were
not regularly enrolled. Among university students, the pro-
portion of students traveling to another institution was
27.8%, whereas the proportion for college students was
12.3% and for master’s institution students was 11.5%. Forty
percent of African-American students and 26.1% of Hispanic
students reported doing research at an institution other than
their enrolled institution. These proportions were higher
than the proportion for Caucasian students (17.8%) or Asian-
American students (16.2%), reflecting the trends in recruit-
ment of underrepresented groups to research opportunities.

The analysis of learning gains and overall evaluation of
the research experience revealed differences in the experi-
ences of undergraduates working at home or at another
institution. Students working at an institution other than
their regularly enrolled institution reported significantly
higher mean values for “Clarification of a career path” (M =
344 vs. M = 3.27; F) 1066 = 7.3; p < 0.01), “Skill in science
writing” (M = 3.35 vs. M = 3.0; F; 1445 = 23.5; p < 0.01),
“Self-confidence” (M = 3.62 vs. M = 3.44; F, 154, = 7.0, p <
0.01), and overall evaluation of their experience (M = 4.25
vs. M = 4.18; Z = 3.63; p < 0.01). Students working at their
home institution reported significantly higher mean values
for “Skill in the interpretation of results” (M = 3.76 vs. M =
3.65; F; 1976 = 4.2; p < 0.05), “Understanding of the research
process” (M = 4.05 vs. M = 3.89; F; 19,5 = 8.9; p < 0.01),
“Learning lab techniques” (M = 4.0 vs. M = 3.72; F, 154, =
16.3; p < .01), and performance of their supervisor (M = 4.27
vs. M = 425, F) 19,6 = 4.7; p < 0.05).

The follow-up survey included data from 523 students
who completed their research experience at their regularly
enrolled institution and 101 students who completed their
research experience at another institution. The analysis of
learning gains and overall evaluation replicated the pattern
of findings from the summer survey regarding items on
which traveling students scored higher. Students working at
an institution other then their regularly enrolled institution
reported significantly higher mean values for “Clarification
of a career path” (M = 3.51 vs. M = 321; F, ¢, = 6.4, p <
0.05), “Skill in science writing” (M = 3.46 vs. M = 3.12;
Fi 503 = 6.9; p < 0.01), “Self-confidence” (M = 3.76 vs. M =
3.31; Fy 400 = 13.6; p < 0.01), and overall evaluation of their
experience (M = 4.56 vs. M = 4.29; Z = 2.35; p < 0.05). On
the other hand, students working at their home institution
did not report significantly higher mean values on any
learning gain in the follow-up survey.

In the follow-up survey students were asked if they com-
pleted their research project during the summer experience.
Among students working at their home institution, 41.8%
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reported finishing their project, whereas 77% of students
working at another institution reported finishing their
project. Students who reported not finishing were asked if
they continued to work on the project during the subsequent
academic year. Among students working at their home in-
stitution, 88% continued to work on their project, whereas
26% of students returning from another institution contin-
ued to work on their project during the academic year.

Student respondents were asked to evaluate seven pro-
gram components common to summer undergraduate re-
search experiences. Students evaluated their experience of
these components on a scale of 1 (not useful) to 5 (terrific).
The components and the mean evaluations are presented in
Table 5. Several of the program components, such as a
discussion of ethics, may have a direct relationship with
those learning gains, such as “Learning ethical conduct in
your field,” that bear on the same topic. To explore these
relations, multiple linear regression was used, with the rel-
evant learning outcome as the dependent variable and the
program components as candidate predictors. Three learn-
ing gains were analyzed: learning ethical conduct, skill in
giving an oral presentation, and skill in science writing. One
program component, instruction and discussion in ethics,
correlated significantly with gains in learning ethical con-
duct (r = 0.42; p < 0.01). One program component, giving a
final presentation of summer’s work, correlated with skill in
giving an oral presentation (r = 0.38; p < 0.01). The same
final presentation component also correlated with skill in
science writing (r = 0.34; p < 0.01).

In an attempt to summarize the relationship between pro-
gram components and reported outcomes, a multiple linear
regression analysis was performed in which the predictor
variables were the program components, evaluation of su-
pervisor, and evaluation of peers, and the dependent vari-
able was “evaluate your overall sense of summer research as
a learning experience,” with a provided scale ranging from
1 (Waste of time—I didn’t learn much) to 5 (Fantastic—this
is the way to learn what science is about). One program

Table 5. Students rated seven program components often
found in summer undergraduate research programs
No. of

Program component responses  Mean

Preparing an application or writing a 1459 (72) 3.54
proposal at the start of the project
Seminars at which local or visiting
scientists talked about their research
Seminars on safety in the laboratory 1495 (74) 2.73
Instruction and discussion in ethics 1196 (59) 3.21

(
(
A program of social activities 1544 (76) 3.71
(
(

1520 (75)  3.82

Housing/food provided on campus 1400 (69) 3.73
Final presentation of summer’s work, 1783 (88) 4.12
either a written report, platform
presentation, or poster presentation

The scale provided ranged from 1 (not useful or enjoyable) to 5
(terrific). Resulting means and medians are reported. Sample size is
reported as some students did not have the program component
and could not evaluate. Values in parentheses are percentage of
cohort.
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component, giving a final presentation, correlated with the
overall evaluation (r = 0.29; p < 0.01). Two other variables
beyond program components, however, also related to over-
all evaluation. Evaluation of “your direct supervisor” and
evaluation of “the undergraduate students you worked
with” (both evaluated on a 1-5 scale) were both related to
the overall evaluation. Supervisor evaluation emerged as the
strongest predictor of overall evaluation (r = 0.39; p < 0.01),
followed by final presentation and by peer evaluation (r =
0.17; p < 0.01).

As previously mentioned, women constituted ~59% of
the summer survey respondents and ~65% of the follow-up
survey respondents. Lopatto (2004) reported that men and
women did not differ on research experience or overall
plans to continue their education. In the first summer survey
women reported significantly higher gains on 14 of the 20
learning items. In the second summer women reported sig-
nificantly higher gains on only three learning items, with no
interpretable pattern of differences. Men did not report sig-
nificantly higher gains than women in either year. Data from
the follow-up survey did not reveal any consistent pattern of
differences between women and men on learning gains.

As with previous research, the issue of retention of mi-
nority students was addressed by analyzing the survey re-
sponses of minority students. Survey participation by Asian-
American students (14.2% of the sample), Hispanic students
(5.4%), and foreign-national students (5.8%) was comparable
to the previous year. Survey participation by African-Amer-
ican students decreased (5.0%), although there is nothing in
the data to suggest an explanation for the decrease. Ethnic
groups did not differ in their distribution of women and
men, with women constituting the majority in every group
for the second consecutive year. Ethnic groups did not differ
in research field or prior experience. Consistent with previ-
ous findings, Asian-American respondents indicated greater
interest in medical school (26%) than comparison groups.
Also consistent with previous findings, the influence of the
summer research experience on future plans did not vary
across ethnic groups. An analysis of the five general satis-
faction questions revealed no differences among ethnic
groups in their expectations of summer research being met,
their evaluation of their supervisors, their evaluation of their
student coworkers, their inclination to have another research
experience, or their overall sense of research as a learning
experience. Analysis of the 20 learning gain items revealed
few differences among ethnic groups. Caucasian students
rated four gains lower than other groups, including “Under-
standing that scientific assertions require supporting evi-
dence” (M = 3.48), “Learning ethical conduct” (M = 2.91),
“Skill in oral presentation” (M = 3.21), and “Skill in science
writing” (M = 2.98).

Following the lead of the National Science Foundation
(NSF), it is conventional to use the term “underrepresented
groups” to include African-American, Hispanic, and Native
American students. Grouped in this way, data from 195
respondents (10.4%; see Table 1) were compared with the
data from other respondents. Underrepresented groups did
not differ from the comparison group on their evaluation of
their immediate supervisors, peers, or overall experience.
Underrepresented respondents did, however, generally rate
their learning gains higher than the comparison group (Mul-
tivariate F,3 1145 = 2.78; p < 0.01) Further examination with
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univariate statistics on the 20 learning gains revealed that
members of underrepresented groups averaged higher
learning gains on 13 learning gain items (Table 6). As indi-
cated in Table 6, four of these differences were replicated in
the follow-up survey.

Additional Findings from the Follow-up Survey

The data from the follow-up survey respondents approxi-
mated the main summer survey on both demographic char-
acteristics and evaluation of learning gains. Figure 1 illus-
trates the close match between summer survey learning gain
means and follow-up learning gain means. The follow-up
statistics match the pattern of original results, showing sim-
ilar numerical values and maintaining similar relative posi-
tion of each item mean to other item means. The data indi-
cate that the student evaluations of the summer research
experience remain stable approximately 9 mo after the ex-
perience.

Two hundred sixty-nine students (47%) reported that they
finished their research project in the summer. Sixty-two
respondents worked on a project for one additional semes-
ter, whereas 182 worked for two semesters. Students wrote
comments in an optional textbox, contributing statements
such as “still at it,” “it’s still going on,” “plan to finish this
summer,” and “one month while new people were trained.”
The follow-up survey asked students to mark which of 10
opportunities for scientific communication they engaged in.

Table 6. Learning gain items on which members of the under-
represented group showed significantly higher mean gains than
the comparison group

Underrepresented Comparison

Item group? group®
Ability to integrate theory and 3.84 *0.98 3.69 *0.99
practice
Understanding that scientific 393 +1.1 357 +12
assertions require supporting
evidence®
Ability to analyze data 391 1.0 3.69 = 1.0
Understanding science® 3.84 = 0.99 348 + 1.1
Learning ethical conduct® 349 =12 299 =13
Learning lab techniques 41311 392+12
Ability to read primary 3.78 = 1.0 348 1.2
literature
Skill in how to give an effective 370 £ 1.2 331*+13
oral presentation
Skill in science writing 348 = 1.1 3.05*+12
Self-confidence 368 1.1 346 + 1.1
Understanding of how scientists 3.71 = 0.98 3.50 = 1.0
think®
Learning to work independently 3.99 £ 1.0 37411
Becoming part of a learning 3.95+ 1.0 3.67 +1.1

community

Values are means = SD. The comparison group did not show
significantly higher means on any learning gain.

* African American, Hispanic, or Native American.
b Caucasian, Asian American, foreign national, and other.

¢ Statistically significant difference also found in the follow-up
survey.
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Table 7 shows the frequencies of the kinds of communica-
tion students engaged in. In some cases students gave mul-
tiple responses. Posters and talks were more frequent vehi-
cles for communication than papers written for the research
mentor. Manuscripts prepared for professional journals
were less common.

Taking advantage of the passage of time since the summer
research experience, the survey asked if the students had
subsequently taken courses in the same department as their
summer research. Four hundred eighty-four students an-
swered “yes.” The question was followed by a second ques-
tion that asked if the student’s research experience had
affected their behavior in these courses. Three hundred six-
ty-two students answered “yes.” The three specific ways in
which behavior may have changed—more independence of
thought, more intrinsic motivation to learn, and more active
learning—were rated on a scale of 1 (no change) to 5 (very
large change). The following were the three items: “I feel
that I have become better able to think independently and
formulate my own ideas,” “I feel that I have become more
intrinsically motivated to learn,” and “I feel that I have
become a more active learner.” The results of these questions
are shown in Figure 3. Slightly more than 85% of the stu-
dents who answered the question reported at least a mod-
erate improvement in independence, 76% reported at least a
moderate improvement in intrinsic motivation, and 82%
reported at least a moderate improvement in active learning.
There were no differences in gender or ethnicity on the
course behavior questions. Intuitively, characteristics such
as independence might be thought of as components of
self-confidence, so the relation between course behavior and
self-confidence was examined. Analyzed together as three
predictors of “self-confidence” using a multiple regression
procedure, the combination of the three variables are signif-

Table 7. Frequency of reported communication activities after
a summer undergraduate research opportunity

Follow-up survey

Communication activity responses

An academic paper read by your 286 (45.5)
research mentor

A poster on campus 387 (61.6)

A poster at a conference or 170 (27.0)
professional meeting

A talk or colloquium on campus 317 (50.0)

A talk or colloquium at a conference or 85 (13.5)
professional meeting

A manuscript intended for a 125 (19.9)
professional journal

A manuscript intended for a technical 28 (4.5)
report

A manuscript intended for a student 27 (4.3)
scientific journal

A performance or demonstration 65 (10.3)

A web site or Internet presentation 30 (4.7)

Values in parentheses are percentages of the samples. Percentages
do not sum to 100 because some students engaged in more than one
activity.
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Figure 3. The bar chart shows the percentage of respondents who
reported their behavior in courses in their field after the completion
of a summer undergraduate research experience. The three items
were as follows: “I feel that I have become better able to think
independently and formulate my own ideas”; “I feel that I have
become more intrinsically motivated to learn”; and “I feel that I
have become a more active learner.”

icantly related to the self-confidence measure (multiple R =
0.46; p < 0.01).

DISCUSSION

The SURE research is driven by three questions. In answer to
the first question we can conclude from the data that edu-
cational experience of undergraduates is enhanced, as mea-
sured by learning gains and satisfaction. The first findings
(Lopatto, 2004) were strongly replicated. Learning gains re-
lated to the research process, scientific problems, and lab
techniques were rated highly. Students also reported per-
sonal gains such as tolerance for obstacles and working
independently. Field of research, gender, ethnicity, and in-
stitutional type do not obscure these findings. The positive
evaluations made by most of the respondents are consistent
with other reports. Mabrouk and Peters (2000) surveyed 320
undergraduate research students in biology and chemistry.
They found that 98% of the respondents viewed undergrad-
uate research favorably enough to recommend the experi-
ence to a friend. Seymour et al. (2004) interviewed 76 under-
graduate researchers from four liberal arts colleges about
their research experience and found that 91% of student
observations were positive. Russell et al. (2007) surveyed
approximately 4500 students who had participated in the
NSF programs. They found that 68% of the respondents
reported an increase in interest in a science, technology,
engineering, and mathematics (STEM) career, and 83% re-
ported an increase in confidence in their research skills.
Although these studies agree on the positive influence of
undergraduate research experiences on student learning,
they differ slightly on the influence of the faculty mentor or
supervisor on the student’s experience. Russell et al. (2007)
reported finding little evidence of a relationship between
mentor characteristics and student-reported outcomes. They
did report that students suggested that undergraduate re-
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search programs may be improved by more effective men-
toring. Pfund et al. (2006), writing about a program for
mentor training, reported a lack of a significant difference in
student evaluations of mentors who were or were not
trained in the program. In the current SURE data, student
evaluations of their supervisors moderately correlated (0.39)
with their overall evaluation of their experience. Examples
of the importance of mentoring emerged in the follow-up
survey, in which respondents were free to volunteer re-
marks. Twelve students wrote about their mentors. The 10
positive comments included the following: “The most im-
portant part of my summer research experience was my
amazing mentor. She guided me through the planning, ex-
ecution, and analysis of my work while allowing me enough
space to work independently.”

The two negative comments included the following: “My
professor seemed to forget how to relate to undergrads and
even tended not to give us as much work. When deadlines
didn’t allow for even the slightest mistakes, I pretty much
did menial tasks or just sat around reading papers and such
while a grad student did the work.”

Mentoring is clearly a significant feature of the under-
graduate research experience, although more research needs
to be performed to specify which mentor characteristics
enable student learning. The response to the second research
question, are undergraduate research programs attracting
and supporting talented students interested in a career in-
volving scientific research, is more cautious. Although most
of the students report a continuation with a plan to go on in
science, relatively few students are attracted to begin this
plan (although Russell ef al. (2007) report a follow-up survey
in which 29% of the respondents indicated a “new” interest
in graduate education). The SURE data show a preponder-
ance of respondents in their third or fourth year of their
undergraduate education. By the third year many students
have already declared a major and have made a plan for
their future. Most of the cohort is not experiencing an initial
attraction to science as a result of the research experience.
Rather, the experience has continued or confirmed their
interest in science. As Seymour et al. (2004) wrote, “it is
important to distinguish between claims that the undergrad-
uate experiences can prompt undergraduates to choose a
graduate school career path, and more qualified claims that
the experience can clarify, refine, and reinforce such a choice.”

The third research question concerned research programs
retaining minority students in the pathway to a scientific
career. About 38% of the respondents to the 2004 survey
were minority respondents. There is no evidence that mi-
nority students had a different experience than other stu-
dents, no difference in rates of discouragement or leaving
science, and no differences in the pattern of learning gains or
satisfaction. When the data are aggregated to analyze the
experience of members of an underrepresented group (Af-
rican American, Hispanic, and Native American), the results
indicate that the group reports learning gains as high or
higher than comparison students. This finding is not simple
to interpret, as the grouping of the students is confounded
by the type of institution, research field, and research site.
Fully 38% of the underrepresented group performed sum-
mer research at an institution other than the one in which
they were enrolled. Grant-funded undergraduate research
programs often have the expressed goal of attracting mem-
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bers of underrepresented groups to science. Efforts to reach
the goal include recruitment of students from other cam-
puses. This recruitment strategy supports the assertion that
undergraduate research programs are retaining minority
students in the pathway to a scientific career. A potential
drawback of this mobility, however, is the difficulty of con-
tinuing the research project when the summer is over. Stu-
dents who worked at another institution were much more
likely to finish a project and much less likely to continue
working on the project during the academic year.

Contributions of the new survey data are the strong reli-
ability of the results, the possibility that evaluations of ex-
perience polarize over time, and the evidence that the influ-
ence of the undergraduate research experience persists and
influences classroom behavior (Chaplin et al., 1998; Ward et
al., 2002). Nine months after their experience, students who
had become discouraged with science still appeared to be
discouraged and, in fact, the negative attitude may have
increased. Intensification of attitude after the experience has
been demonstrated in experiments on cognitive dissonance
(Brehm, 1956; Arkes and Garske, 1977). It may be that stu-
dents who have a discouraging research experience are mo-
tivated to remain consistent in their later views of that
experience, and it may be difficult to reverse that decision to
discontinue science education. It is important that negative
research experiences be minimized. A positive experience,
on the other hand, may produce a better student in the
classroom as well as person interested in a science career.
Students who took subsequent courses in the same depart-
ment as their summer research area reported gains in inde-
pendence, motivation, and active learning. Although these
data are based on self-report, it should be noted that the
reports are of reflections on past experience, not estimations
of future behavior.

The consistency of the survey in general and the differen-
tial results for subgroups, such as those who move away
from a plan to go on in science, support the reliability and
sensitivity of the instrument. The study lacks, however, the
potential for a classic experimental comparison to a de-
signed control group. The lack of control groups for com-
parison to undergraduate research groups is a common
problem (Lopatto, 2004). The report of the Academic Com-
petitiveness Council (U.S. Department of Education, 2007)
reviewed studies relating to the success of STEM education
programs and concluded that only 10 of 115 evaluations
were “scientifically rigorous” by including appropriate con-
trols. Practical difficulties in the creation of the proper con-
trols are legion. For example, one might select for the control
group students who applied for, but were not selected for,
an undergraduate research experience. The same selection
process that differentiated between these groups, however,
may introduce confounds based on student ability or expe-
rience. A traditional method of creating a control group,
such as random assignment of students to undergraduate
research group and control group, would be unlikely to
meet ethical and fairness concerns.

Despite the lack of a comparison group, we might still be
impressed with the proportion of undergraduate researchers
who reported learning gains and intentions to continue in
science. The impact of these data depend on accepting the
validity of student responses. Researchers distinguish be-
tween reliability, or consistency of the measure, and validity,
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“an approximation to the truth” (Cook and Campbell, 1979,
p- 37). A common method for establishing validity is to find
agreement between two attempts to measure the same con-
struct through different methods (Campbell and Fiske,
1959). For some self-reports, it may be possible to correlate
these data with observations made by experts (Bandura,
1982, 1989; Kardash, 2000). For example, Kardash (2000)
asked undergraduate researchers to self-evaluate on 14 skills
related to research, such as “Design an experiment or theo-
retical test of the hypothesis” and “Observe and collect
data.” She also solicited faculty mentor ratings of the same
undergraduate researchers. Student and mentor ratings did
not statistically differ on 11 of the 14 skill evaluations. On a
broader scale, a meta-analysis of 31 studies in higher edu-
cation in which student and teacher evaluations of student
achievement were both collected, the average correlation
between student self-assessment and teacher assessment of
students was 0.39 (Falchikov and Boud, 1989). The validity
of student reports seems modest but not trivial

In the current research the student respondent was prom-
ised anonymity, precluding the matching of student survey
responses with information from other sources. Beyond the
tactical difficulties of identifying student responses or re-
cruiting observations from supervisors, however, the chal-
lenge of validity is complicated by the concept of the “direct
measure.” Within the standard science curriculum, a direct
measure is often equated with an exam or laboratory exer-
cise in which the student demonstrates memory for and skill
in the use of the disciplinary information taught by an
instructor. Other measures, such as the student’s self-reflec-
tion, are considered “indirect.” Skeptical of indirect mea-
sures of course behavior, researchers often demand that the
indirect measure be validated with the direct measure.
Within the undergraduate research experience, however,
there are learning and experience goals that may be most
directly measured by student report. Estimates of personal
development, including tolerance for obstacles, readiness for
more research, and self-confidence, are best made by the
person who has direct access to these estimates. Estimates of
the student’s likelihood to continue with science education
and a science career can only be forecasts, and the person
best positioned to make the forecast is the student. Some of
the most desirable outcomes of an undergraduate research
experience, including maturity, positive attitude toward sci-
ence, and an intention to continue in the field, are most
directly measured by student report. In short, the require-
ment for a direct measure needs to be clarified by posing the
question, “The direct measure of what?”

The assessment of the impact of undergraduate re-
search experiences may benefit from an analogy to the
assessment of other human endeavors undertaken in situ.
In the field of clinical psychology, for example, a nonran-
domly selected group of people experience a variety of
therapeutic techniques in a variety of environments. The
assessment of therapies has been undertaken by employ-
ing both effectiveness and efficacy studies (Nathan and
Gorman, 2002). Evidence for the effectiveness of therapy
is provided by nonexperimental studies in which therapy
clients evaluate the impact of the therapy via surveys or
interviews. Evidence for the efficacy of therapy is pro-
vided by volunteers who participate in randomized ex-
perimental trials that result in expert assessment of im-
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provement. Effectiveness studies alone may be criticized
for not establishing causal variables (internal validity);
efficacy studies alone may be criticized for lacking au-
thenticity (ecological validity). Together, the two ap-
proaches contribute to the understanding of this impor-
tant human enterprise. By analogy, a promising method
for understanding the impact of undergraduate research
experiences may be to link these two approaches. Surveys
such as the SURE record the experience of student re-
searchers, who may be reporting their perception of a
molar and multidimensional experience of research just as
therapy clients report their perception of the multidimen-
sional experience of therapy. Concurrently, relevant
learning constructs may be studied experimentally to test
their efficacy. For example, How People Learn (National
Research Council, 1999) describes the role of memory and
transfer of training in science learning. These are con-
structs that have been studied by cognitive scientists in
the laboratory. The effectiveness of undergraduate re-
search experiences and the efficacy of the learning con-
structs they employ could be reasonably integrated to
further the understanding of this popular pedagogy.
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