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The current study examines the trajectories of student perceived gains as a result of time spent in an
undergraduate research experience (URE). Data for the study come from a survey administered at
three points over a 1-yr period: before participation in the program, at the end of a Summer segment of
research, and at the end of the year. Repeated-measures analysis of variance was used to examine the
effect of time on perceived gains in student research skills, research confidence, and understanding
of research processes. The results suggest that the students experienced different gains/benefits at
developmentally different stages of their UREs. Participants reported gains in fewer areas at the end
of the Summer segment compared with the end of the yearlong experience, thus supporting the
notion that longer UREs offer students more benefit.

INTRODUCTION

The benefits of undergraduate research experiences (UREs)
cannot be overstated. Research and evaluation studies con-
tinue to show that UREs are effective for enhancing student
overall baccalaureate experience and for recruiting, retaining
and graduating students, especially underrepresented mi-
norities, in science, technology, engineering, and mathematics
(STEM) majors (Hernandez et al., 2012). For example, Bauer
and Bennett (2003) found that University of Delaware alumni
who participated in URE programs reported higher satisfac-
tion with their overall undergraduate education experience
and were more likely to pursue graduate education than their
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counterparts who did not participate in URE programs. URE
participants in a study by Korkmaz and colleagues (2011)
reported higher levels of academic engagement and student–
faculty interaction. A recent study by Slovacek and colleagues
(2012) also reported that participants in the Minority Oppor-
tunities in Research programs at California State University,
Los Angeles, had lower dropout and higher graduation rates
and were more likely to pursue graduate or professional ed-
ucation than a matched sample of nonparticipants. Similarly,
Nagda et al. (1998) reported that participation in the Uni-
versity of Michigan’s Undergraduate Research Opportunity
Program increased retention rates of minority students, in
particular, low-achieving African-American students.

UREs have also gained popularity for their role in enhanc-
ing student research skills, research self-efficacy, and under-
standing of research processes (Lopatto, 2003, 2004). Hunter
and colleagues (2007) reported that student participation in
UREs resulted in enhanced research skills (i.e., abilities to per-
form techniques required for laboratory and research work),
understanding of science literature, and ability to find and
retrieve scientific literature. Hunter et al. (2007, p. 64) also
reported that “nearly half the gains in particular skills dis-
cussed by faculty and students concerned communication
skills.” In a similar study focused on undergraduate research
experiences at a research university, Thiry and Laursen (2009)
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reported that student outcomes were remarkably consistent
with those found by Hunter and colleagues in the previ-
ous 2007 study. In the study by Bauer and Bennett (2003),
alumni who participated in URE programs reported signif-
icantly higher ability to carry out research and greater en-
hancement of communication skills than their counterparts
who did not participate in URE programs.

In recent years, researchers have begun to address the is-
sue of whether or not the length or intensity (e.g., Summer
only vs. full- or multiyear experiences) and entry time (e.g.,
first year vs. later in one’s undergraduate career) influence
the benefits of UREs to participants (Thiry et al., 2012). Some
studies have documented positive correlations between the
length of time spent in URE programs and the benefits to
students (Bauer and Bennett, 2003; Russell et al., 2007; Jones
et al., 2010). In their evaluation of the impact of University of
Delaware undergraduate research programs, Bauer and Ben-
nett (2003) conducted a survey of alumni and found a positive
link between the numbers of semesters spent in UREs and the
level of self-reported benefits. Similarly, in their study of the
importance of URE for minority persistence and achievement
in biology, Jones and colleagues (2010) found a strong positive
correlation between the number of terms spent in URE and
persistence and performance in biology, as well as a positive
correlation between longevity in research and college reten-
tion. Russell and colleagues (2007) reported positive effects
of participation duration on aspirations for graduate edu-
cation and research careers. Although these studies suggest
that URE duration influences student self-reported outcomes,
questions regarding the trajectories of student development
in URE programs remain.

Using data from participants in two similar URE programs
administered by a research center at a midwestern research
university, Adedokun and colleagues (2012a) compared pro-
gram outcomes between Summer URE participants and three
other groups: academic-term participants (i.e., students who
participated in either a Fall or Spring semester); two-term
participants (i.e., students who participated in a Fall and a
Spring semester); and full-year participants (i.e., students
who participated for 12 mo). Their analyses revealed no sig-
nificant differences in outcomes between the Summer and
single-semester groups. However, they found that the stu-
dents who participated for two academic semesters reported
higher levels of awareness of available research career op-
portunities and higher skills in writing research papers for
publications than did Summer participants. Adedokun and
colleagues (2012a) also found that participants in yearlong
experiences reported greater understanding of research pro-
cedures; awareness of available research career opportuni-
ties; and research skills, including organizing research ideas
in writing, working independently on research projects, con-
ducting literature searches, writing literature reviews, writing
research papers for publications, and overall research skills.

In summary, the studies reviewed above suggest that
longer-term UREs produce higher gains. However, the tra-
jectories of student development in URE programs remain
unclear. Although there are some indications that students
experience different URE benefits “at developmentally dif-
ferent stages of their academic careers” (Hernandez et al.,
2012, p. 14), little is known about student development within
these programs. As noted by other researchers (e.g., Sadler
et al., 2010; Adedokun et al., 2012b), a major limitation in

URE research and evaluation is that the focus is often on pro-
gram outcomes, with little to no focus on the processes and
conditions under which the goals or outcomes are achieved.
There is the need for research to clarify and understand how
students develop in URE programs, and what outcomes are
achieved at what time. Although some recent studies (e.g.,
Hernandez et al., 2012) have examined the longitudinal ef-
fects of UREs, more studies are needed on the trajectories of
student development in URE programs, in particular, how
program duration might influence student achievement of
expected program outcomes.

The purpose of the present study was to examine the effect
of time on students’ perceived gains (e.g., student awareness
of research careers, understanding of research processes, and
various research skills) from a URE. The key question guid-
ing the study is: Do students report higher levels of perceived
gains as they spend more time in the program? That is, do
student self-reported scores on outcome variables differ sig-
nificantly across time?

Although Bauer and Bennett (2003) examined the relation-
ship between program duration and reported outcomes, the
current study differs in two regards. First, participants in the
Bauer and Bennett study included graduates drawn from a
database that contained “records of individuals who were
known to have conducted undergraduate research and to
have received some service from the [undergraduate research
program], ranging from an initial advisement meeting, to
funding, to production of a senior thesis” (p. 218), suggesting
that the participants were in a variety of URE models that
could differ in program components and dynamics. The cur-
rent study, on the other hand, uses data from students who
participated in the same URE program and experienced simi-
lar program components and dynamics. Second, while Bauer
and Bennett used data collected at a single point in time (i.e.,
postparticipation) to examine the relationship between pro-
gram duration (i.e., number of semesters spent in URE) and
perceived benefit, the current study focuses on trajectories of
student development of outcomes and uses data collected at
three points (i.e., pre-, mid- and postparticipation) to examine
whether students reported higher levels of outcomes as they
spent more time in the program.

METHODS

Participant Description
To address our research question, we collected data from
participants in a URE—Purdue University’s Cancer Preven-
tion Interdisciplinary Education Program (CPIP). The goal
of the CPIP program is to prepare students for future ca-
reers in interdisciplinary cancer prevention research. CPIP
aims to provide students with the knowledge, experiences,
and professional networks that will support them in con-
ducting research across disciplines and in diverse contexts.
The program is a 12-mo, multifaceted training model that
includes experiential components in research and service, a
traditional course-based component covering current knowl-
edge in cancer prevention research across disciplines, and
mentoring components that provide each student with mul-
tiple mentors from multiple disciplines and career stages.
CPIP undergraduate interns participate in four programmatic
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Table 1. Characteristics of participants (n = 27)

Description Frequency Percentage

Gender
Male 13 51.85
Female 14 48.15

Academic standing
Sophomore 9 33.33
Junior 9 33.33
Senior 9 33.33

Academic major
Engineering and technology 8 29.63
Science 11 40.74
Agriculture and liberal arts 2 7.41
Health sciences (including pharmacy) 6 22.22

Ethnicity
Caucasian 23 85.19
Asian 1 3.70
International 1 3.70
Other (e.g., Native American and
mixed)

2 7.41

Cohort
Cohort 1 8 29.63
Cohort 2 9 33.33
Cohort 3 10 37.04

components: 1) yearlong research experiences (i.e., Summer
to Spring semesters); 2) a seminar class to learn basics of can-
cer biology and cancer prevention; 3) discussion sections to
learn more about communication of research, career goals,
and research in cancer prevention; and 4) service learning to
understand the social relevance of their research. The CPIP
program is described in detail in Teegarden et al. (2011).
Briefly, the selection process begins with the submission of
cancer prevention research projects from faculty. Research
projects involve faculty from science, engineering, and be-
havioral sciences. Each submitted project must be interdisci-
plinary and involve faculty mentors from at least two disci-
plines. Undergraduate students, who must have a cumulative
grade point average of 3.0 or higher, are recruited to work on
these projects. Faculty members review applicants and se-
lect students for their project through an interview process.
Students represent disciplines from across campus (includ-
ing science, engineering, health sciences, behavioral sciences,
and liberal arts). Data for the current study come from par-
ticipants in the first three cohorts of the program. Of the 32
participants in the first three cohorts of the program, 27 com-
pleted the three surveys. Table 1 describes the academic and
demographic characteristics of the students.

CPIP Program Components
A cornerstone of the CPIP program is participation of un-
dergraduate students in research focused on cancer preven-
tion. Undergraduate interns devote a minimum of 400 h of
research during the Summer months and continue their re-
search during the academic year on a part-time basis. Stu-
dents are required to present posters communicating their
research at a minimum of three on-campus symposia. Sep-
arate preparations of material for the poster sessions afford
students the opportunities to practice their research and pre-
sentation skills, including analyzing and summarizing data,

documenting research procedures, writing results of experi-
ments, and orally discussing findings.

In addition to conducting interdisciplinary research
projects, students work in teams to design and conduct a
service activity in the local community. This activity must be
related to cancer prevention and can involve, but is not neces-
sarily limited to, educational, public health, or philanthropic
efforts. Students are mentored by faculty, staff, and gradu-
ate students in this effort; however, the determination of the
domain and scope of the projects remains the responsibility
of the students. These research and service experiences run
throughout the full year of the students’ participation in the
program. Students are required to complete reflective jour-
naling assignments that prompt them to think about their
personal and professional growth and their perceptions of
interdisciplinary research.

Moreover, the interns participate in a one-credit course
focused on interdisciplinary approaches to cancer preven-
tion research during the academic year. The goals of this
course are to introduce students to the diversity of can-
cer prevention research and to assist them in developing
as researchers. Through presentations by cancer prevention
researchers working in multiple disciplines and contexts,
students learn about a wide range of ongoing research and
career options in cancer prevention. Sessions include speak-
ers from a wide variety of disciplines (biology, communica-
tions, engineering education, nutrition, pathology, psychol-
ogy, and statistics) and research settings (laboratory, clinical
setting, and community) and include discussions with can-
cer survivors and oncologists that demonstrate the human
face of cancer and the importance of cancer prevention.
The seminars also provide students with the opportunity
to interact and network with researchers from various dis-
ciplines. Additionally, students work together in pairs to
plan an interdisciplinary research study and discuss what
skills and resources are required to work in interdisciplinary
teams.

Throughout the year, CPIP interns also participate in pro-
fessional development activities including seminars on gen-
eral topics, such as communication of research findings, re-
search funding sources, interpreting primary literature, and
the expectations of graduate school. Interns also participate in
informal discussion groups to foster the exchange of research
ideas and the development of a learning community. Dur-
ing these meetings, students practice oral research commu-
nication and receive feedback from their mentors and peers.
These events allow participants to become comfortable dis-
cussing their own research, to reexamine their research goals
and strategies, and to learn about the research interests and
work of participants from different disciplines. This venue
also allows for informal discussion of research with partici-
pants, which enhances research skills, professionalism, and
an understanding of interdisciplinary research efforts. Fi-
nally, the CPIP program provides opportunities for social
networking with faculty mentors and fosters the creation of
multiple mentor–mentee relationships. Students are paired
with primary and secondary research mentors from different
disciplines for their interdisciplinary research project. In ad-
dition to these research mentors, the leadership faculty and a
small group of cancer prevention graduate researchers form
a network of additional mentors and role models for stu-
dents (interested readers should see Teegarden et al. [2011] for
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further descriptions of the structures and processes of the
CPIP program).

Instrument Description
Data for this study come from a survey designed to examine
the impact of the program on student research skills, research
confidence, and understanding of research processes. This
survey was administered to the students at three separate
times during their participation in the yearlong program. The
first measurement (hereafter termed “pre”) was taken imme-
diately before their participation in the program (i.e., at the
start of the intensive 10-wk Summer research program); the
second measurement (hereafter termed “mid”) occurred at
the end of the 10-wk intensive Summer research experience;
and the third (hereafter termed “post”) occurred during the
last week of the program (i.e., the end of the Spring academic
semester, roughly 1 yr after the preparticipation measures).
The survey items were adapted (or modified) from Bieschke
et al. (1996), Kardash (2000), and Russell (2006). We conducted
reliability analysis to examine the internal consistency of the
survey items. The overall reliability estimate, as measured by
Cronbach’s alpha was 0.94, 0.93, and 0.92 for the pre-, mid-,
and postsurveys, respectively. However, the limited sample
size of 27 did not allow for factor analyses to reduce the num-
ber of variables. For the purposes of this study, each of the
survey items is treated as a separate variable. To simplify the
discussion of results, we sorted the items into four distinct
outcome categories (described in the following four sections)
based on face validity and similarities in the concepts ad-
dressed by the items. Reliability estimates (i.e., Cronbach’s
alpha) for each category of outcomes at the each time period
are also discussed.

Research Skills. The survey asked the students to rate their
skills/abilities in performing various research skills, includ-
ing writing a literature review, documenting a research pro-
cedure, observing and collecting data, interpreting data, and
so on. Response categories for these items ranged from “no
ability” = 1 to “excellent ability” = 5. Cronbach’s alphas for
the items were 0.92, 0.87, and 0.87 for the pre-, mid-, and
postparticipation data points, respectively.

Awareness of Career Options. The survey asked students
to rate their awareness of “what graduate school may be
like,” “expertise of the faculty you worked with,” “various
research-oriented career opportunities available to you,” and
“various research career options you could specialize in.”
Response categories for these items ranged from “not at all”
= 1 to “a great deal” = 5. Cronbach’s alphas for the items were
0.76, 0.76, and 0.70 for the pre-, mid-, and postparticipation
data points, respectively.

Research Confidence. Students were asked to indicate their
confidence in: “your research skills generally,” “your ability
to succeed in graduate school,” and “your qualifications for
jobs in related fields.” Response categories for these items
ranged from “not at all” = 1 to “a great deal” = 5. Cronbach’s
alphas for the items were 0.76, 0.78, and 0.83 for the pre-,
mid-, and postparticipation data points, respectively.

Understanding of Research Processes. This group of items
measured “student understanding of the nature of scien-
tific knowledge” (Hunter et al., 2007). Students were asked

to rate their understanding of “how to formulate a research
question,” “how to plan a research project,” “how scientific
knowledge is built,” and so on. Response categories for these
items ranged from “no ability” = 1 to “excellent ability”
= 5. Cronbach’s alphas for the items were 0.89, 0.87, and
0.78 for the pre-, mid-, and postparticipation data points,
respectively.

Data Analysis
To address our research question, we used repeated-measures
analysis of variance (ANOVA) with a Greenhouse-Geisser
correction to examine the effect of time on the outcome vari-
ables, with the overarching goal of understanding the effect
of time on students’ self-reported scores on each variable.

Typically, repeated-measures ANOVA assumes sphericity
(i.e., that the variances of the differences between pairs of con-
ditions/time periods are equal). Violations of this assumption
affect the accuracy of the ANOVA F statistic by reducing its
power (i.e., type I error). Hence we applied the Greenhouse-
Geisser correction for sphericity, a conservative criterion of
statistical significance (Stevens, 1996). For variables for which
statistically significant changes were detected, contrasts/post
hoc tests using the Bonferroni correction were conducted
to identify specific differences among the three time points.
Given that the data were pooled from students across three
program cohorts, we conducted tests of parallelism (Heck
et al., 2010). Specifically, we added the variable “cohort” into
the ANOVA models as a between-subjects predictor to ex-
amine whether the observed growth patterns were the same
across cohorts and to test whether nesting into cohorts did
influence the findings.

RESULTS

Overall, the analyses revealed four patterns of change: 1)
statistically significant immediate gains defined as changes
between the pre- and midparticipation scores only; 2) sta-
tistically significant long-term gains defined as changes be-
tween the pre- and postparticipation scores only; 3) statisti-
cally significant immediate and long-term gains defined as
changes between the pre- and midparticipation scores, as
well as between the pre- and postparticipation scores, but
with no statistically significant changes between the mid- and
postparticipation scores; and 4) statistically significant consis-
tent growth across the three time periods defined as signifi-
cant changes from pre- to mid- and mid- to postintervention.
Figures 1–4 provide examples of variables representing the
four patterns of change, respectively.

With regard to possible cohort differences in the observed
changes, tests of parallelism were not statistically significant,
suggesting the observed patterns of changes are similar across
cohorts.

Research Skills
The results (see Table 2) showed statistically significant im-
mediate increase in observing and collecting data at the
end of the Summer experience; the average midparticipation
score for this variable was statistically significantly higher
than the preparticipation scores. The analyses also revealed
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Figure 1. Example of variables with statistically significant immediate gains, defined as changes only between the pre- and midparticipation
scores.

statistically significant long-term (i.e., pre-post) gains in stu-
dent skills in organizing research ideas in writing, interpret-
ing data by relating results to the original hypothesis, orally
communicating the results of research projects, and writing
a research paper for publication. Further, the results showed
statistically significant immediate and long-term gains in stu-
dent abilities to document research procedures, conduct a
literature search, work independently on a research project,
conduct statistical analysis using software, relate results to the
bigger picture in their fields, write the results of their experi-
ments, and prepare research posters. For these variables, the
mid- and postparticipation scores were significantly higher
than the preparticipation scores, but there were no statisti-

cally significant differences between the mid- and postpartic-
ipation scores.

Moreover, the analysis showed statistically significant
changes across the three time periods in student ability
to write a literature review and understand journal arti-
cles. However, while the pre→mid→post changes in stu-
dent ability to write a literature review could be described
as a consistent growth across the three time periods, the
results showed that, for student ability to understand jour-
nal articles, there was a statistically significant increase be-
tween the pre- and midparticipation scores, but a statistically
significant decrease between the mid- and postparticipation
scores.

Figure 2. Example of statistically significant long-term gains, defined as changes only between the pre- and postparticipation scores.

Vol. 13, Spring 2014 143



O. A. Adedokun et al.

Figure 3. Example of variables with statistically significant immediate and long-term gains, defined as statistically significant changes
between the pre- and midparticipation scores, as well as between the pre- and postparticipation scores, but with no statistically significant
changes between the mid- and postparticipation scores.

Awareness of Career Options
As shown in Table 3, the analyses revealed statistically signif-
icant immediate (i.e., pre→mid) gains in student awareness
of what graduate school may be like. Moreover, our analyses
revealed statistically significant immediate and postpartici-
pation gain in student awareness of the expertise of their fac-
ulty mentors. The analyses also showed consistent growth in
student awareness of various career opportunities available
to them and research options in which they could specialize.

Research Confidence
The results (see Table 3) showed that students reported sta-
tistically significant greater confidence in their qualifications

for jobs in related fields on the posttest than on the pre- and
midmeasurement points. Also, compared with the prepartic-
ipation scores, students reported higher confidence in their
research skills at the midmeasurement and at the postmea-
surement. Postparticipation scores were also higher than the
midparticipation scores, but not strong enough to attain sta-
tistical significance.

Understanding of Research Processes
Table 3 shows that students made statistically significant
long-term gains in their understanding of: 1) how to plan
a research project, 2) how to conduct a research project, and
3) their overall understanding of the research process. The

Figure 4. Example of items with statistically significant consistent growth across the three time periods, defined as significant changes from
pre- to mid- and mid- to postintervention.
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Table 2. Changes in student’s research skills (n = 27)

Pre Mid Post

Item Mean SD Mean SD Mean SD FT
a FC

b

Observing and collecting datac 3.81 0.83 4.37 0.69 4.26 0.71 6.07* 0.99
Organizing research ideas in writingd 3.26 0.89 3.63 0.84 4.04 0.71 8.45* 0.75
Interpreting data by relating results to original hypothesisd 3.48 0.75 3.78 0.85 4.15 0.72 6.53* 1.63
Orally communicating the results of research projectsd 3.26 1.20 3.78 0.85 4.04 1.06 5.14* 0.23
Writing a research paper for publicationd 2.15 1.03 2.59 0.93 3.19 1.15 11.38* 0.43
Working independently on a research projecte,f 2.96 1.00 3.85 0.61 4.04 0.77 19.34* 0.80
Conducting literature searche 3.30 0.91 3.85 0.99 4.07 0.83 7.68* 1.30
Documenting a research proceduree 3.04 1.02 4.00 0.83 3.96 0.98 16.99* 0.51
Statistically analyzing data using computer softwaree 3.04 1.16 3.56 1.01 3.78 0.75 5.60* 0.11
Relating results to the bigger picture in your fielde 3.37 0.84 4.04 0.71 4.04 0.85 9.18* 0.60
Writing the results of your experimente 3.07 0.96 3.63 1.04 3.74 0.86 7.33* 1.35
Preparing a research postere 2.81 1.08 4.04 0.76 3.70 1.10 13.42* 1.30
Writing a literature reviewg 2.11 0.85 2.74 1.13 3.81 1.08 31.97* 1.72
Understanding research paper/journal articleg 3.33 0.92 3.93 0.83 3.15 1.06 5.83* 1.80
Working collaboratively with others 4.33 0.88 4.26 0.86 4.63 0.63 2.80 0.13
Organizing or entering data into spread sheet 3.96 0.98 4.22 0.97 4.33 0.73 1.55 1.08

*p < 0.05.
aFT = F statistic for the effect of time.
bFC = F statistic for the effect of time by cohort.
cStatistically significant changes in pre→mid scores only.
dStatistically significant changes in pre→post scores only.
eStatistically significant changes in pre→mid and pre→post scores only.
fSample size for this item was 26.
gStatistically significant changes across the three time points, i.e., pre→mid→post scores.

Table 3. Changes in student’s career awareness, research confidence, and understanding of research processes (n = 27)

Pre Mid Post

Outcome Item Mean SD Mean SD Mean SD FT
a FC

b

Awareness of career options Awareness of what grad school may be likec 3.41 0.97 3.96 1.02 3.78 0.80 3.70* 1.12
Awareness of expertise of faculty mentord 3.52 1.09 4.33 0.62 4.22 0.58 11.69* 0.36
Awareness of various career opportunities

availablee
3.00 0.83 3.44 0.93 4.04 0.71 14.97* 0.66

Awareness of research options in which you
could specializee

2.81 1.04 3.33 0.88 4.11 0.80 17.40* 0.56

Research confidence Confidence in your qualifications for jobs in
related fieldsf

3.56 0.89 4.00 0.70 4.26 0.71 8.40* 1.27

Confidence in your research skills generallyd 3.30 0.91 3.93 0.73 4.19 0.79 19.07* 1.00
Confidence in ability to succeed in graduate

school
3.89 0.85 4.04 0.76 4.11 0.80 1.13 0.90

Understanding of research processes How to plan a research projectd,g 2.77 1.07 3.73 0.67 3.96 0.82 27.06* 0.27
How to conduct a research projectd 3.04 1.09 3.89 0.70 4.22 0.70 21.41* 0.14
Overall understanding of the research

processd
3.26 0.98 4.07 0.62 4.04 0.90 11.48* 0.68

How scientific knowledge is builte 3.44 1.05 3.93 0.73 4.41 0.57 23.00* 0.83
Understand the nature of the job of a

researchere
3.19 0.92 4.00 0.62 4.59 0.57 36.83* 0.32

*p < 0.05.
aFT= F statistic for the effect of time.
bFC= F statistic for the effect of time by cohort.
cStatistically significant changes in pre→mid scores only.
dStatistically significant changes in pre→mid and pre→post scores only.
eStatistically significant changes across the three time points, i.e., pre→mid→post scores.
fStatistically significant changes in pre→post scores only.
gSample size for this item was 26.
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mid- and postparticipation scores for these variables were sta-
tistically significantly higher than the preparticipation scores,
although there were no statistically significant differences be-
tween the mid- and postparticipation scores. Moreover, the
analyses revealed statistically significant consistent growth in
student understanding of how scientific knowledge is built
and their understanding of the nature of the job of a re-
searcher.

DISCUSSION

Overall, the findings of this study are in line with those of
previous studies and also reflect the specific contexts of the
CPIP program.

As indicated in the Results, we observed immediate statis-
tically significant increase in observing and collecting data at
the end of the Summer experience. Researchers (e.g., Sadler
et al., 2010) have observed that data collection is a basic task
that URE interns perform when they are novices in their re-
search groups. Sadler and colleagues noted that new URE
students, as apprentices, often begin with menial or “legiti-
mate peripheral activities” (e.g., data collection) that “tend to
support” other complex tasks (Sadler et al., 2010, p. 236) tasks.
Given that the interns in the CPIP program started their in-
ternship in the Summer (i.e., Summer was their novice phase,
when they were likely assigned to data-collection tasks in
their labs), it is not surprising that that they reported statisti-
cally significant gains in their abilities to observe and collect
data at the end of the Summer.

The interns reported statistically significant long-term
gains in the research skills that require time to develop and
that often occur at the tail end of research projects (e.g., in-
terpreting data by relating results to the original hypothesis,
orally communicating the results of research projects, work-
ing independently on a research project, and relating results
to the bigger picture in their fields). These also appear to
be skills that the undergraduate research interns may not be
able to fully develop during their Summer experiences. Our
findings are thus in line with Thiry and colleagues’ (2012)
assertion that URE students are more likely to report gains
in higher-order skills (such as presenting at conferences and
writing papers) at the advanced stages of their research, be-
cause it typically takes time to generate preliminary data.
Sadler et al. (2010) also noted that URE students learn the
trade and culture of scientific research in an incremental man-
ner, whereby they start off with menial or basic tasks and are
assigned to more central and complex activities and skills as
they become more familiar with the tools and culture of their
research groups.

These findings are also a reflection of the program require-
ments. As indicated earlier, CPIP students were required to
participate in a minimum of three poster sessions. While stu-
dent performances were not graded, their preparations for
the poster sessions gave them the opportunity to analyze and
summarize their data, document research procedures, write
the results of their experiments, and design scientific posters.
The actual poster presentation also afforded them the op-
portunity to orally communicate the results of their studies.
Hence, it is not surprising that the students reported statisti-
cally significant levels of these skills in the mid- and posttests.

As reported, the results also showed consistent growth in
student ability to write a literature review. Intuitively, writ-
ing literature reviews is a skill that students often have to
perform/practice multiple times to improve. Even graduate
researchers get better in literature review with practice. We
suspect that this explains why the students reported contin-
uous growth in this area. However, the significant increase
followed by significant decrease in perceived ability to un-
derstand journal articles is much more difficult to interpret,
especially because the students were required to read multi-
ple papers across various research and content areas.

With regard to student awareness of research career op-
tions, we observed statistically significant immediate (i.e.,
pre→mid) gains in student awareness of what graduate
school may be like. This is not surprising, given that the
interns began their URE in the Summer and were likely men-
tored by graduate and postdoctoral researchers. Researchers
(e.g., Dolan and Johnson, 2009; Thiry and Laursen, 2011;
Thiry et al., 2012) have observed that when URE students
are new to their labs (i.e., as novice researchers), they are typ-
ically mentored by graduate students and postdocs, whom
they (undergraduates) often view as professional role models.
These mentors help URE interns to socialize into the research
community of practice, provide guidelines and teach them
the laboratory techniques, and often provide interns with
career guidance/encouragement to pursue graduate stud-
ies and “broaden their understanding of educational and ca-
reer options in their field” (Thiry and Laursen, 2011, p. 782).
As discussed in the program description, the students at-
tended weekly brown-bag sessions in the Summer, during
which they participated in discussions about research career
choices and graduate education. Thus, it is not surprising
that our study participants, at the end of their Summer ex-
periences, reported significantly higher awareness of what
graduate school may be like.

We also observed immediate and postparticipation gain
in student awareness of the expertise of their faculty men-
tors. A possible explanation for this is that the interns be-
came more aware of the expertise of their faculty mentors
as they progressed in their research apprenticeships and be-
came more “socially and intellectually integrated” into their
respective research groups (Thiry and Laursen, 2011, p. 780).
The analysis also yielded positive changes in interns’ aware-
ness of the various career options and specializations. This is
not surprising, given that the interns participated in a one-
credit course that introduced them to the diversity of can-
cer prevention research and researchers working in multiple
disciplines (e.g., biology, engineering education, nutrition,
pathology, psychology, and statistics) and research settings
(laboratory, clinical setting, and community). We suspect that
this interdisciplinary experience contributed to the observed
statistically significant increase in student awareness of vari-
ous research careers.

Turning to the findings regarding student research confi-
dence, our results suggest that as students progress beyond
the novice stage of their research experiences, they begin
to develop higher confidence in their research abilities. The
level of confidence also increases as students spend more
time in the research environment and gain “responsibility
and independence within their research groups” (Thiry et al.,
2012, p. 268). Students also reported statistically significant
long-term gains or consistent growth in items assessing their
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understanding of research processes (e.g., understanding of
how scientific knowledge is built), suggesting that these abil-
ities take time to develop. The 1-yr CPIP research experi-
ence, coupled with the poster sessions and seminar series
that provided students with the opportunity to discuss issues
related to scientific processes, enhanced their understanding
of research processes and overall research confidence. These
findings are also in line with Sadler and colleagues’ (2010)
statement that “it takes time for apprenticeship participants
to feel comfortable in their research settings to really un-
derstand the science being conducted” (p. 252). Thiry and
colleagues (2012) also argued that experienced students (i.e.,
students who have spent well over a semester in their research
apprenticeships) are more likely to gain in their conceptual
understanding of their research project and are also more
likely to understand the big picture of their research, because
it takes time to develop these skills.

SUMMARY AND CONCLUSION

As stated by Hernandez et al. (2012), “Students experience
different benefits at developmentally different stages of their
academic careers” (p. 91). Our data suggest that the CPIP
interns experienced different gains/benefits at developmen-
tally different stages of their UREs. Our study participants
reported gains in fewer areas at the end of the Summer com-
pared with the end of the yearlong experience, thus support-
ing the notion and argument that longer UREs offer students
the most benefit. The findings suggest that the CPIP program
offered the participants excellent opportunities to practice
and improve their research skills. Our findings are also in
line with previous studies (e.g., Thiry and Laursen, 2011) that
reported that interns often start their research apprenticeship
performing menial or basic tasks (such as data collection and
entry) and gradually move on to more technical and complex
activities.

Sadler and colleagues (2010) noted that it takes time for stu-
dent to fully grasp the underpinnings of research processes;
they encouraged program designers to “consider ways of sus-
taining these experiences” by providing extended research
opportunities (p. 252). They added that “if the primary aim of
an apprenticeship program is to foster sophisticated under-
standings and practices, then length of experience, instruc-
tional supports and opportunities to engage in epistemically
demanding practices ought to be prioritized design princi-
ples” (p. 253). Overall, the findings of the current study sug-
gest that length of experience is related to student growth
and that further studies using larger samples are needed to
further understand the trajectories of student development
in URE programs.

LIMITATIONS

This study is not without limitations. First, the small sample
size, coupled with the nonrandom nature of the data, limits
us from conducting additional statistical analyses to examine
the effects of other variables (including previous research ex-
periences, gender, and academic major). Another limitation
to our study is that we were unable to control for the effect

of research group on student development. Although all the
students had a URE experience, the specific or lived experi-
ences in the program would differ by lab. Students who had
positive interactions with graduate and faculty mentors in
their groups are more likely to have a growth pattern that
is different from students with fewer interactions. This is a
limitation that is common and noted in other URE studies
(e.g., Lopatto, 2004). Finally, the lack of a control group hin-
ders us from capturing the possible effect of maturation (i.e.,
biological or psychological changes within students) on stu-
dent self-reported skills across the three data points. Overall,
these limitations offer opportunities for further analysis as
we collect additional data in future years.

ACKNOWLEDGMENTS

This work was supported by the National Institutes of Health, Na-
tional Cancer Institute R25CA128770 Cancer Prevention Internship
Program administered by the Oncological Sciences Center, and the
Discovery Learning Research Center at Purdue University. Permis-
sions to use pre-, mid-, and postparticipation survey data and stu-
dent demographics were obtained from the Purdue University Insti-
tutional Review Board (protocol #: 0810007370). The authors thank
Ann Bessenbacher and Emily Carter for creating and formatting the
graphical representations of findings.

REFERENCES

Adedokun OA, Bessenbacher A, Parker LC, Childress A, Kirkham L,
Teegarden D, Burgess WD (2012a). How do summer undergraduate
research experiences compare to other models? Paper presented at
the annual meeting of the National Association of Research in Science
Teaching, held 27 March 2012, Indianapolis, IN.

Adedokun OA, Zhang D, Parker LC, Bessenbacher A, Childress A,
Burgess WD (2012b). Towards an understanding of the processes
of the effects of undergraduate research experiences on students’
aspirations for research careers and graduate education. J Coll Sci
Teach 42, 82–91.

Bauer KW, Bennett JS (2003). Alumni perceptions used to as-
sess undergraduate research experience. J Higher Educ 74, 210–
230.

Bieschke KJ, Bishop RM, Garcia VL (1996). The utility of the research
self-efficacy scale. J Career Assess 4, 59–75.

Dolan E, Johnson D (2009). Toward a holistic view of undergradu-
ate research experiences: an exploratory study of impact on gradu-
ate/postdoctoral mentors. J Sci Educ Technol 18, 487–500.

Heck RH, Thomas SL, Tabata LN (2010). Multilevel and Longitudinal
Modeling with IBM SPSS, New York: Routledge.

Hernandez PR, Schultz PW, Estrada M, Woodcock A, Chance RC
(2012). Sustaining optimal motivation: a longitudinal analysis of in-
terventions to broaden participation of underrepresented students in
STEM. J Educ Psychol 105, 89–107.

Hunter AB, Laursen SL, Seymour E (2007). Becoming a scientist: the
role of undergraduate research in students’ cognitive, personal, and
professional development. Sci Educ 91, 36–74.

Jones MT, Barlow AE, Villarejo M (2010). Importance of undergrad-
uate research for minority persistence and achievement in biology. J
Higher Educ 81, 82–115.

Kardash CM (2000). Evaluation of an undergraduate research experi-
ence: perceptions of undergraduate interns and their faculty mentors.
J Educ Psychol 92, 191–201.

Vol. 13, Spring 2014 147



O. A. Adedokun et al.

Korkmaz A, Coles JS, Buckley JA (2011). Undergraduate research ex-
perience: intention and doing for STEM majors.. Paper presented at
the annual meeting of the American Educational Research Associa-
tion, held 8 April 2011, New Orleans, LA.

Lopatto D (2003). The essential features of undergraduate research.
Counc Undergrad Res Q 24, 139–142.

Lopatto D (2004). Survey of Undergraduate Research Experiences
(SURE): first findings. Cell Biol Educ 3, 270–277.

Nagda BA, Gregerman SR, Jonides J, von Hippel W, Lerner JS (1998).
Undergraduate student-faculty research partnerships affect student
retention. Rev Higher Educ 22, 55–72.

Russell SH (2006). Evaluation of NSF Support for Undergraduate
Research Opportunities: Draft Synthesis Report Executive Summary,
Menlo Park, CA: SRI International.

Russell SH, Hancock MP, McCullough J (2007). Benefits of under-
graduate research experiences. Science 316, 548–549.

Sadler TD, Burgin S, McKinney L, Ponjuan L (2010). Learning science
through research apprenticeships: a critical review of the literature. J
Res Sci Teach 47, 235–256.

Slovacek S, Whittinghill J, Flenoury L, Wiseman D (2012). Promot-
ing minority success in the sciences: the minority Opportunities in
Research Programs at CSULA. J Res Sci Teach 49, 199–217.

Stevens J (1996). Applied Multivariate Statistics for the Social Sci-
ences, 3rd., Mahwah, NJ: Erlbaum.

Teegarden D et al. (2011). Cancer Prevention Interdisciplinary Ed-
ucation Program at Purdue University: overview and preliminary
results. J Cancer Educ 26, 626–632.

Thiry H, Laursen SL (2009). Evaluation of the undergraduate re-
search programs of the Biological Science Initiative: students’ intel-
lectual, personal and professional outcomes from participation in
research. Report prepared for the Howard Hughes Medical Institute,
Boulder, CO: Ethnography and Evaluation Research.

Thiry H, Laursen SL (2011). The role of student-advisor interactions
on apprenticing undergraduate researchers into a scientific commu-
nity of practice. J Sci Educ Technol 20, 771–784.

Thiry H, Weston TJ, Laursen SL, Hunter AB (2012). The benefits of
multi-year research experiences: differences in novice and experi-
enced students’ reported gains from undergraduate research. CBE
Life Sci Educ 11, 260–272.

148 CBE—Life Sciences Education




