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Book ReviewIntroduction

doi: 10.18833/spur/4/1/17

he articles in the fall 2020 issue of SPUR 
explore a variety of topics related to strength-
ening and assessing student learning outcomes 
for undergraduate researchers. Whether it is 

through implementing innovative changes in the practice 
of research, exploring the impacts of a single or multi-
site research program, or shifting the assessment para-
digm to uncover new insights into student contributions 
to research, these articles contribute to understanding 
undergraduate research as a dynamic and evolving educa-
tional practice. These impacts, as we read, extend beyond 
the field-specific into the broader skill development and 
knowledge base needed by students who continue on 
in discipline-specific or professional graduate study and 
those who enter the workforce (Rios et al. 2020; Hart 
Research Associates 2018).

In the practice section of this issue, Brian A. Eiler and col-
leagues discuss their work integrating the teaching of basic 
data-science skills into research labs or methods courses in 
psychology. With the rise of big data and easy access to 
data sets relevant to areas of inquiry in the social sciences, 
Eiler details how he and colleagues identified specific 
computational tools to help students learn how to manage 
and analyze complex data sets, as well as develop skills 
in computer programming and data visualization. Tapping 
into open-source packages that are relatively easy to learn, 
Eiler and associates illustrate how students expand their 
understanding of open-source science projects and the data 
tools for conducting research in their field, with the added 
advantage of learning in-demand computational skills.

The assessment section features multiple articles. Laurel 
Anderson and colleagues discuss assessment of their col-
laborative, multisite, course-based undergraduate research 
experiences (CUREs) developed in the Ecological Research 
as Education Network (EREN). Their pre- and post-surveys 
examine learning gains across multiple institutions and 
student levels, providing insight into differential impacts on 
student learning and ways to fine-tune survey instruments to 
better address the complexity of multisite, multilevel assess-
ment. Emily Lin and colleagues detail their success devel-
oping a more comprehensive assessment model to address 
the broader goals of a NIH-sponsored summer diabetes 
research internship. Although the research experience was 
central, the summer program also included other key com-
ponents—such as mentoring by faculty, student shadowing 
of physicians, and launching a journal club—to increase 
student interest in diabetes-related research and careers.

Matt Honoré and colleagues chart a new direction in 
assessment by adapting the open-source Contributor Roles 
Taxonomy (CRediT), a tool designed to improve systems 
of attribution, credit, and accountability in scientific pub-
lication for application to undergraduate research experi-
ences in the biomedical sciences. By administering the 
assessment tool across three cohorts of faculty mentors 
and student researchers, Honoré and colleagues were able 
to identify the contributions of student researchers in vari-
ous roles in the research process.

Next, Daniel Brown and colleagues at Texas State Universi-
ty discuss the impacts of a holistic summer STEM program 
on student success metrics at their Hispanic-serving insti-
tution. Because of the high percentage of first-generation 
college students and students from low socioeconomic 
backgrounds, the program designers included elements such 
as cultural-competency training for mentors and weekly 
seminars for students focused on community building, com-
munication skills, and career development. Results from the 
three cohorts have been impressive, with a notable increase 
in STEM GPAs after participation (in comparison to a 
control group) and a persistence rate of 97 percent for the 
undergraduate participants in the summer STEM program.

In the International Perspectives section, Sun and col-
leagues review the state of undergraduate research opportu-
nities in the life sciences at Canadian universities based on 
2019 survey data from life science departments at leading 
medical and comprehensive universities. The authors pro-
vide a timely and comprehensive snapshot of the prevalent 
forms of undergraduate research opportunities; the funding 
models at Canadian universities to support undergraduate 
research; new co-curricular, team-based competitions; and 
mechanisms for connecting students to research opportuni-
ties and identify platforms for sharing their work.

The vignettes in this issue highlight the creativity and 
resourcefulness of faculty and students in response to the 
ongoing COVID-19 pandemic. The vignettes here explore 
the experiences of reimagining how we teach, conduct 
summer programs, and share student research. From the 
sciences to the humanities, these authors share experi-
ences adapting research-based courses, summer research 
programs, and undergraduate symposia, providing a fas-
cinating window into how faculty continue the work of 
teaching, learning, and research in new formations with 
the affordances of technology and human ingenuity.

This issue recognizes the peer reviewers of manuscripts for 
volume 3 of SPUR. The contributions of these individual 
faculty, researchers, and administrators are appropriately 

Lisa Gates, SPUR issue editor

T
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anonymous in the editorial process but vital to the integrity 
and quality of scholarship published in this journal. We are 
indebted to these reviewers for sharing their expertise and 
guidance in the editorial process.
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Brian A. Eiler, Davidson College
Patrick C. Doyle, Rosemary L. Al-Kire, Heidi A. Wayment, Northern Arizona University

Teaching Computational Social Science Skills to Psychology Students: 
An Undergraduate Research Lab Case Study

Abstract
Data science methods increasingly are utilized to analyze 
theoretically derived psychological research questions. 
This article provides a case study of a student-focused 
research experience that introduced basic data science 
skills and their utility for psychological research, pro-
viding practical learning experiences for students inter-
ested in learning computational social science skills. Skills 
included programming; acquiring, visualizing, and manag-
ing data; performing specialized analyses; and building 
knowledge about open-science practices. Using examples 
from their teaching experiences, the authors describe how 
these skills can be incorporated into an active and engag-
ing student learning experience that culminates in compu-
tational social science projects and presentations.

Keywords: big data, computational social science, net-
work analysis, social media data, text analysis, under-
graduate research

doi: 10.18833/spur/4/1/5

Exposure to research is a key aspect of social science 
education (Kierniesky 2005). By conducting research, 
students have an opportunity to think about behavior 
scientifically (Brewer et al. 1993). In the psychological 
sciences, this educational tradition is especially important 
for undergraduate students and can be provided through 
research opportunities (Wayment and Dickson 2008). Ide-
ally, student research–related learning experiences should 
reflect current trends in the discipline, both theoretical and 
methodological. Student mentoring also provides oppor-
tunities for more experienced students, graduate students, 
postdoctoral students, and faculty (Linn et al. 2015). Yet 

the time faculty need to devote to incorporating new ideas 
and methodologies into their existing research programs 
often competes with teaching and service activities. 

This article explores data science skills, a fast-growing 
area of interest in the social and psychological sciences. 
Referred to as computational social science (CSS), these 
methods offer several distinct advantages for students and 
faculty. First, large data sets afford a number of benefits, 
including relatively quick data collection (as with publicly 
available data sets and open-science framework projects); 
IRB-exempt status; high-powered analyses; and topics that 
may be strongly tied to student and faculty interests and 
related to current events or social media (Chen and Wocjik 
2016). Second, the skills required to obtain, manage, and 
analyze such data sets allow opportunities for faculty and 
students to cultivate interdisciplinary skills related to com-
puter science, data science, and novel analytics (such as 
R), which are rapidly becoming a part of the psychological 
research landscape. Analysis of large social media data 
sets requires the acquisition and development of these new 
computational skills. 

This article seeks to provide an introduction and practical 
information for faculty to implement the teaching of basic 
CSS skills in their own research labs or research methods 
courses. First, basic data science methods and relevant 
learning objectives are described. Next, a case study of 
an actual undergraduate research lab that incorporated 
CSS learning goals, outcomes, and objectives is provided. 
Additionally, some sample research activities used to 
introduce and develop these skills during a one-year lab 
experience for undergraduates are described.

PRACTICE
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Computational Data Science Skills in Psychological 
Research
The unprecedented availability of “big data” is very rel-
evant for the social sciences (Foster et al. 2017). In fact, 
new graduate programs in computational social science 
are on the rise, and existing programs have begun to value 
these skills in both incoming students and faculty searches. 
CSS projects generally leverage large data sets of “found” 
data from social media, digital, and other electronic data-
bases and employ computational and visualization tech-
niques to illuminate patterns and make inferences from 
these data, as they relate to theory. Although big data has 
been criticized, these computational analyses complement 
traditional quantitative social science methods (that also 
have their limitations) to confirm key findings and theory 
(Shah, Capella, and Neuman 2015). Moreover, by using 
this approach, researchers gain access to large amounts of 
electronic data that are of interest to psychologists, such 
as measures of discrete behavior, personal and social rela-
tionship networks, and expressed attitudes. This informa-
tion can be used to complement other types of data social 
scientists employ to test hypotheses about a range of social 
phenomena and social influence processes. CSS skills also 
are important for business analytics, marketing, and sur-
vey research (Callegaro and Yang 2018) and help students 
and faculty increase their employment opportunities. 

Big data—often described in terms of five Vs: volume, 
velocity, variety, veracity, and value—is typically free, 
can be collected quickly, and includes content with real-
world applicability (Kitchin and McArdle 2016). There are 
many types of big data that are useful in an undergradu-
ate research setting. Some data, like social media data, 
must be scraped and formatted, but there are many other 
publicly available data sets that are available in readable 
file formats (complete with codebooks) that do not require 
data cleaning. There are large data sets of American health 
practices, such as those available from the National Cen-
ter for Health Statistics (2020), as well as many social 
science–related measures collected from adults from 31 
countries in Europe (European Social Survey 2020). Some 
data sets require some knowledge of probabilistic samples 
(as in complex survey analysis). Notwithstanding the 
challenges associated with big data (including issues of 
generalizability, ethics, and theory), key data science 
skills are required to harness the wealth of newly available 
data for the purposes of social science research. Generally 
speaking, these skills include data acquisition (collect-
ing, storing, and processing processes), data management 
(including collaboration and open-science practices), and 
data analysis. More specifically, key data science skills 
include programming skills (such as R, Python, and SQL); 
record linkage and database management; web scraping 
and the use of application programming interfaces (APIs); 
specialized forms of analysis (basic machine learning, text 
analysis, and analysis of network and geospatial data); and 

the ability to think through and articulate issues regarding 
inference, data privacy, and ethics (Foster et al. 2017). 

Insights from Teaching Experiences
This article provides some examples of curriculum related 
to the five basic CSS skill sets that were implemented dur-
ing a pilot one-year course at a medium-size state universi-
ty. These skill sets included programming, data acquisition 
and management (data wrangling), data visualization, spe-
cialized analyses, and open-science practices. Below, each 
skill set is defined, and a few relevant examples helpful for 
curriculum design are provided, with the goal of helping 
students progress to an initial level of CSS competency.

Programming
CSS requires some knowledge of computer science, spe-
cifically an understanding of programming. Although 
there are several programming languages and interfaces, R 
appears to be the most highly adopted among psychologi-
cal scientists, perhaps because of its enhanced capabilities 
for statistical analyses, data manipulation, and visualiza-
tion. It also seems to have the shortest learning curve and 
maximum capability for CSS. Furthermore, there exist 
a plethora of resources due to the open-source nature of 
R. See Cookbook for R (2020) for an introduction to R 
and free beginner tutorials that also illustrate best prac-
tices (e.g., annotated code) to enhance replicability and 
transparency. Swirl is an effective, free, and interactive 
online tool for learning R basics, available within the pub-
licly available R console (Swirl 2020). Faculty researchers 
more familiar with statistical packages such as SPSS or 
SAS will find resources such as Muenchen’s book (2011) 
valuable in that it leverages existing knowledge of SPSS 
and SAS syntax to learn how to code in R. One practi-
cal exercise for SPSS and SAS users is to rerun previous 
analyses using R. If users generalize code so that it can 
be repurposed across disparate data sets, utility over time 
is increased because analyses can be highly automated. It 
is important to acknowledge that all statistical software 
packages have advantages and disadvantages, and ulti-
mately use depends on individual preferences. However, 
the flexibility, control, and enhanced capabilities of R may 
be appealing to those who wish to highlight quantitative 
skills. One practical advantage of using R for students 
(especially those who are pursuing quantitative concentra-
tions or minors), is that it is free and open source, minimiz-
ing issues of access and inclusion. 

Data Acquisition and Management
CSS requires data, often in large quantities, and an impor-
tant part of data acquisition is the management of these 
data, also called “data wrangling” (i.e., retrieving, format-
ting, cleaning, and readying for analysis). Although there 
are many types of secondary data sets available for use in 

Teaching Computational Social Science Skills to Psychology Students
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a CSS lab, undergraduates in this case were very interested 
in analyzing social media data. Considerable time was 
spent working with them to identify appropriate sources 
of primarily social media data for a research question and 
teaching them how to retrieve it and how to clean and for-
mat the data for analysis. Prior to this, students were taught 
about the ethics of using online data. For example, students 
learned of constraints on gathering data from a website and 
that a robots.txt file could tell them whether data scraping 
(automated data collection by reading HTML or extracting 
information directly) was permitted. Many social media 
sites provide an API that specifies how to access website 
content via software. For instance, the R package rtweet 
(Kearney 2018) allows users to build software in R that 
interacts with Twitter’s API to download various types 
of information in line with the guidelines established by 
Twitter. Although the specifics differ for each site, there 
are free R packages for many social media sites. These 
are complete with documentation and example code and 
are available from the Comprehensive R Archive Network 
(2020), which also is embedded in R Studio. Once data 
were downloaded, students imported text data into Excel 
files and cleaned the data, removing symbols and hashtags 
as well as doing other types of data cleaning. These pro-
cesses take a significant amount of time (up to 80 percent 
of the total data analysis time).

Data Visualization

One key feature of a CSS approach is the emphasis on data 
visualization. Often in the social sciences data visualiza-
tion does not enter the process until the end of the proj-
ect, serving as a way to summarize, rather than explore, 
patterns in the data. In CSS, data visualization occurs 
early. Understanding trends in hundreds of thousands of 
datapoints is greatly facilitated by visualization. Although 
Microsoft Excel can be useful for simple visualizations 
and graphs, especially when data are extracted into a .csv 
file, R is well known for its excellent graphics. Many data 
science capabilities reside in the library of tidyverse, and a 
myriad of learning materials can be found at that website 
(Tidyverse 2020). Readers are referred to a freely avail-
able online book (Wickham and Grolemund 2017) that 
introduces readers to data science using R and includes 
excellent sections on visualization. 

Specialized Analyses 
Students were introduced to two specialized analyses that 
work well with Twitter data. The first was text analysis 
using a well-established analysis software called Linguis-
tic Inquiry and Word Count (LIWC 2020; Pennebaker 
et al. 2015). For a nominal fee, a researcher can utilize 
LIWC to garner insight into individuals’ thoughts, feel-
ings, motivations, and drives. These markers can then be 

used to test hypotheses regarding differential language use 
as a function of theoretically relevant independent vari-
ables. Also available is a free natural language processing 
software (a machine-learning approach that identifies rel-
evant indicators of sentiment in language) called the Senti-
ment Analysis and Cognition Engine (SEANCE; Crossley, 
Kyle, and McNamara 2017). This program provides 254 
core indices and 20 component indices of sentiment, sup-
plies a negation feature (i.e., it can differentiate between 
“happy” and “not happy”), and has high validity due to the 
number of domain-independent dictionaries it employs. 
If a researcher is interested in signals of emotionality, 
valence, and extremity in evaluative contexts, a recently 
developed tool, the Evaluative Lexicon, can be used to 
quantify language in this way for free (Evaluative Lexicon 
2020; Rocklage and Fazio 2015; Rocklage, Rucker, and 
Nordgren 2018). Finally, latent semantic analysis can be 
useful for identifying thematic content in a body of text. For 
an introduction to this technique, relevant theory, and anno-
tated example R code, a highly digestible paper by Gefen 
and colleages (2017) may be useful. Finally, the Meaning 
Extraction Helper (Boyd 2018), especially in combination 
with machine-learning techniques such as latent Dirichlet 
allocation and traditional data reduction techniques such 
as principal components analysis, provides accessible and 
robust CSS techniques for topic modeling (for tutorials and 
R scripts, see Boyd 2020). 

Students also were introduced to network analysis, which 
has a long history in the social sciences. This technique pri-
marily has been used to map the relationships between enti-
ties or individuals as a function of their social relationships 
(e.g., Borgatti et al. 2009). Network analysis is useful for 
visually depicting a network of Twitter users who follow 
one another, a network of individuals who share the same 
content online, or connections between those who belong to 
similar online forums. An additional use of network analy-
sis involves representing a correlation matrix as a network 
and using network metrics to identify variables that are 
highly influential within a network (e.g., Eiler et al. 2019; 
Montazeri et al. 2019). When combined with simulation 
techniques and time series methods by the more advanced 
student, networks also can function as explanatory mod-
els across a range of network instantiations (for relevant 
publications and source code, see Fried 2020). There are 
exceptional resources available regarding social network 
analysis (see Butts 2008; Hanneman and Riddle 2005). 
Additionally, there are minimally priced point-and-click 
programs for network analysis (UCINET; Borgatti, Everett, 
and Freeman 1999) and visualization (NetDraw; Borgatti 
2002). R’s statnet package for analytics and visualization 
is increasingly used; it includes more advanced network 
analysis such as QAP, ERGM, and SIENNA (Handcock et 
al. 2003).
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Open-Science Practices

Another advantage of integrating data science methods 
into the research process is the normative inclusion of 
open-science practices. The field of psychology has been 
recently plagued by ethical concerns and questions of 
reproducibility (Nosek et al. 2015). Psychological sci-
entists have outlined a set of standards to improve the 
psychology research field that are being rapidly adopted 
by academic journals (more than 1,000 publications to 
date). These standards include (1) data transparency, code 
sharing, and transparent design and analysis; (2) study and 
analysis preregistration; (3) replication; and (4) more strin-
gent citation standards for data, code, and materials (Blaine 
2019; Nosek et al. 2015). Platforms such as the Open Sci-
ence Framework (2020), AsPredicted (Wharton Credibility 
Lab 2020), and GitHub (2020) are repositories that allow 
researchers to share and organize files, code, and workflow 
as well as preregister studies. These tools also let research-
ers credit authors for nontraditional forms of science such 
as the development of source code and analytic strategies 
that do not show up as easily in the current academic peer 
review system. These platforms are intuitive for students 
to use and provide templates for users who may be less 
familiar with data sharing and open-science processes. 
In addition, many websites have large global communi-
ties that help users navigate and troubleshoot issues with 
everything from coding across multiple statistics languag-
es (Stack Overflow 2020), to utilizing R (R-bloggers 2020; 
Nabble 2020), to implementing open-science best practices 
(Center for Open Science 2020).

One-Year Research Experience in Computational 
Social Psychology

During the 2017–2018 academic year, for the reasons 
articulated earlier, data science methods were introduced 
to a research lab, largely inspired by curiosity following 
participation in a number of online courses in data science. 
The CSS lab was structured as a two-hour weekly seminar. 
Eight students made a one-year commitment to the CSS 
lab experience. Participants included the lab supervisor (a 
professor in the psychological sciences department), who 
designed and oversaw implementation of all aspects of 
the course; a postdoctoral fellow with experience in CSS 
theory and analytics; two advanced master’s-level students 
with interest in CSS and peer mentoring opportunities; two 
first-year master’s-level students with intersecting interests 
in CSS and social psychology; and four undergraduate 
students with no psychological research experience. Time 
was devoted to instruction, discussion, and practice. Addi-
tionally, significant one-on-one mentorship outside of lab 
time was provided by the lab supervisor, postdoctoral fel-
low, and advanced graduate students. 

Lab Structure and Student Learning Objectives
The one-year research course had learning goals, learning 
outcomes, and activities designed to meet the learning out-
comes built into its structure. Some students took the lab 
for course credit, whereas others simply participated on a 
voluntary basis to gain research experience. At the begin-
ning of the year, it was agreed that the CSS skills learned 
in the lab would be used to conduct research investigations 
that would culminate in two professional development 
opportunities: group presentations at a regional conference 
symposium and poster presentations at the university’s 
undergraduate research symposium. 

In alignment with local departmental learning objectives, 
there were four learning goals that centered on data sci-
ence skill acquisition and three areas of expertise cultivated 
through previous undergraduate courses. As depicted in 
Figure 1, the primary learning goal was the acquisition 
of data science skills as described in this article. The 
remaining three goals served to utilize and strengthen 
existing research-related skills: research methods and 
statistical skills (the ability to use psychological theory 
as a foundation to formulate justifiable hypotheses and 
to design, conduct, statistically test, and interpret sound 
research projects); research dissemination skills (demon-
strated competence in written, visual, and oral presentation 
skills); and career professional development and ethics 
skills (demonstration of socially responsible, ethical, and 
professional behavior in all aspects of the research pro-
cess). Each learning goal was divided into specific learn-
ing outcomes onto which course activities were mapped 
and scheduled over the course of the academic year. The 
full syllabus, with further description of learning goals, is 
available.

Activities and Exercises 
One enriching aspect of research is collaboration. Further, 
learning, sharing, and documenting programming skills 
(for data acquisition, management, analysis, and visualiza-
tion) form an important set of CSS skills, as previously 
described. The CSS lab provided an opportunity for stu-
dents to participate in an enriching nontraditional collab-
orative research experience. Their participation deviated 
from typical undergraduate research activities, in which 
students are confined to running participants’ data or input-
ting data and are not involved in designing, analyzing, or 
disseminating project results. To facilitate this experience, 
a collaborative, experiential learning atmosphere was cre-
ated. In contrast to a lecture-based learning approach, a 
range of educational strategies was employed, including 
active learning, self-directed learning, peer mentoring, 
guest lecturing, in-lab presentations, and professional pre-
sentations. In-class presentations included introductory 
materials for all topics and techniques. Out-of-class assign-
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ments were used to practice and refine skills, with the goal 
of conducting two to three small research projects during 
the one-year course. Students had opportunities to work on 
both individual and group projects. Regardless of the topic 
or project, students worked with each other outside of lab 
meetings to accomplish the work and relied on the guid-
ance and leadership of more advanced lab members as well 
as information they could gather from online resources (for 
additional resources, see Eiler 2020). Twitter was selected 
as a source of social media data due to its applicability to 
many research interests, textual nature, and amenability to 
network analysis. The course materials and activities were 
structured to provide students with ample experience in the 
scientific process, from design to dissemination. 

Briefly, there were eight major course requirements. These 
included (in chronological order): (1) and (2) a Twitter-
related research article review and presentation (to learn 
relevant terminology and refresh research methods skills); 
(3) and (4) two Twitter research exercises (for which stu-
dents downloaded Twitter data with R; managed Excel 
data; analyzed data using LIWC, SENACE, or Evaluative 
Lexicon; conducted simple data analyses and visualiza-
tion; and made a presentation); (5) a major research project 
(for semester- and year-end presentations); (6) a network 
analysis (for which students collected, utilized, and drew 

networks using UCINET and NetDraw); (7) a tutorial proj-
ect (for which students wrote a brief “how to” on a specific 
skill learned in class and posted this to a lab-based website 
that students also shared with conference attendees); and 
(8) a final conference presentation (Eiler 2020). 

The lab course was successful, and learning goals were 
met. Students provided positive feedback regarding their 
experiences and successfully presented their CSS-based 
research at local and regional conferences. One project 
assessed the frequency with which different online compa-
nies used language appealing to the millennial generation. 
Another examined differential language use as a function 
of celebrity fandom on Twitter, and another examined 
friendship networks in a community church. Graduate 
student presentations included an event-based analysis of 
tweets related to the 2017 Las Vegas shooting, an analysis 
of responses to tweets from Planned Parenthood, and a 
linguistic analysis of weight loss posts on Reddit. Beyond 
the products that directly resulted from work done during 
the academic year, several students continued to work on 
projects that have since been published (e.g., text analysis 
and network analysis were used to examine experiences of 
sexual violence in a sports context and identified power 
and trust dynamics as important contributors to sustained 
and systemic sexual assault in elite sports; Eiler et al. 

FIGURE 1. Learning Goals

Eiler et al.
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2019). Additionally, three of the four graduate students 
utilized skills learned in the lab for their thesis work (all of 
whom have submitted their work to peer-reviewed journals 
at the time of writing). Students also provided feedback 
demonstrating the value of learning CSS skills:

“Working on our own project and honing novel skills 
 . . . made it very enjoyable and different from other labs 
. . . not only was I able to increase my confidence and 
proficiency with using R . . . but presenting . . . was also 
great for my presentation skills.” 

 “. . . seeing that I was capable of so much more than I 
thought. Also, creating a project from start to finish that 
was all my, and my peer’s, doing.” 

 “I feel more comfortable and confident that I could 
successfully apply these techniques to other projects 
 . . . the skills we learned are very marketable for a PhD 
program or industry.” 

Beginning Computational Social Psychology Research
The paragraphs below describe the conditions that facili-
tate the ability to run a CSS lab. Because such resources 
may not be universally available in all educational settings, 
other options are presented. This work conducted with 
students was completed at an R2 institution in a depart-
ment offering both undergraduate and master’s degrees. 
The existing curriculum structure allowed undergraduate 
students to participate in two consecutive semesters of 
research experience. Furthermore, students already had 
some background, which included an introductory sta-
tistics course. The inclusion of more advanced students 
was critically important because they were able to model 
behaviors that facilitated learning and had initial experi-
ence with R. The assistance provided by the department’s 
first ever postdoctoral fellow, who also was interested 
in mentorship experiences, was invaluable. Finally, the 
senior faculty member’s organization of the CSS research 
lab experience was structurally facilitated by the lab being 
counted as a course in her teaching load. Institutional and 
departmental support is important; documenting the pro-
gram’s positive impact on students is an important ratio-
nale for such support. 

For those faculty interested in incorporating CSS skills 
in their work with undergraduate- and master’s-level stu-
dents, there are some challenges to consider. First, learning 
new skills takes time, patience, and resources, and fac-
ulty must be committed to and comfortable with learning 
alongside students. Students must be self-directed learners, 
willing to learn from their mistakes, and willing to help 
their peers. As described in the literature on active learning 
and engagement, pedagogical best practices can facilitate 
this directive. For those faculty who may have little or 

no access to graduate students or postdoctoral students to 
assist in the teaching and mentoring of CSS skills, there 
are other ways to include more experienced students. As 
an example, there may be students with data science skills 
(usually in mathematics, computer science, or other natural 
science departments) who would be interested in applying 
and teaching these skills in the context of psychology and 
could be invited to be part of a CSS lab or teaching cur-
riculum. Additionally, departmental momentum surround-
ing student preparation for postbaccalaureate opportunities 
may be leveraged to modify curriculum. In one example, a 
tenure-track assistant professor at a small, highly selective 
liberal arts institution has implemented and extended the 
current project into an upper-level interdisciplinary semi-
nar: the course counts toward a psychology major, an inter-
disciplinary science major, and data science and applied 
math minors. This strategy requires additional resources 
that do not exist at every institution. Faculty will need to 
determine how to best modify the strategies presented here 
to accommodate the resources available to them. 

There also are other types of resources available to faculty 
members or student researchers interested in CSS skills. 
There are several good books on these topics. For instance, 
Foster and associates (2017) have published a compre-
hensive selection of chapters with practical guidance on 
how to apply data science to real-world research, with 
applied problems from computer science, statistics, and 
social science. This resource explains how specific skills 
can be used to identify and capture data, how to apply data 
science models and methods to that data, and how to rec-
ognize and respond to data errors and limitations. A 2016 
special issue of Psychological Methods focused on data 
science methods. Here, Kosinski and colleagues (2016) 
describe opportunities for using big data in the predic-
tion of real-world outcomes and provide a tutorial about 
applying CSS to text. In another article, Kern and associ-
ates (2016) discuss methodological challenges to gaining 
insights from language posted on social media sites. Chen 
and Wojcik (2016) provide a practical guide to using big 
data in psychological research. Landers and colleagues 
(2016) describe Python-based approaches to data scraping. 
An excellent book on advanced topics related to computa-
tional and dynamic approaches in social psychology has 
been written by Vallacher, Read, and Nowak (2017). Sec-
ond, there are excellent online courses, including a suite of 
data science courses offered by SAGE Publishing (SAGE 
Campus 2020). The courses are designed specifically for 
social scientists with a focus on practical skills that can 
be applied directly to relevant research topics in the social 
sciences. The popular online educational platform Cours-
era offers hundreds of R- and Python-related courses at 
beginning, intermediate, and advanced levels, such as The 
R Programming Environment; Data Science: Foundations 
Using R; Python for Everybody; and Applied Data Science 
with Python. R and Python also have website resources 
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research experiences, students remain engaged in active 
learning because they can design research projects that are 
not only relevant to their interests but that can be complet-
ed within a semester (from conceptualization to presenta-
tion). In this way these students engage in pedagogical 
best practices for mastery. Third, by their very nature, CSS 
skills (whether being learned, used, or shared) require an 
environment that supports open-science principles and 
practices such as data sharing, code sharing, and collabo-
ration—practices that are in line with active learning and 
accessibility principles. 

This approach adds a proverbial tool to the academic 
psychologist’s teaching toolbox and, in so doing, helps 
maximize the number of psychology students who partici-
pate in research experiences. These activities also increase 
opportunities to work with more advanced students. Only 
67 percent of institutions offering master’s degrees have 
opportunities for students to work with faculty, and only 
15 percent of these students work with graduate students 
(Perlman and McCann 2005). Given that these types of 
experiences are beneficial (McConnell, Albert, and Mar-
ton 2008; Wayment and Dickson 2008), the incorpora-
tion of computational methods also may indirectly assist 
faculty at institutions with larger teaching loads. For 
these faculty, supervising student research experiences 
may facilitate a sustained, low-cost research program. 
Furthermore, at small institutions that do not have large 
participant pools, these projects can supplement projects 
that require larger samples (i.e., more high-powered stud-
ies) and minimize risk by amplifying productivity. Indeed, 
integrating many students into various projects at differing 
stages of the research process may help faculty build and 
sustain a research program by allowing faculty to spend 
more time on activities appropriate to their experience lev-
els (e.g., research question generation, research design, or 
complex analytics; Forrest, Stastny, and Bruns 2008). This 
process also may benefit early-career faculty who have 
yet to develop internal collaboration networks or have an 
established lab by off-loading tasks that can be delegated 
appropriately. Finally, mentorship opportunities are not 
limited to faculty. Many questions from undergraduates 
may be adequately answered by second-year master’s 
program students, and anecdotally often these interactions 
result in dynamic changes in understanding (van Geert 
1998). These mentorship opportunities are not limited to 
undergraduate-graduate student interaction but may be 
beneficial in any situation in which students are mini-
mally separated in understanding; these interactions scale 
because they leverage the zone of proximal development. 

Conclusion
Although challenging to implement, learning of CSS skills 
provides myriad benefits to faculty and to undergradu-
ates who incorporate these skills in research experiences. 
Engaging in CSS research requires a commitment from 

(e.g., RStudio Support 2020), and there are many publicly 
available teaching resources online such as Twitter-based 
groups (#rstats). Finally, many institutions subscribe to 
additional learning platforms (e.g., LinkedIn Learning, 
DataCamp), which exponentially increase the available 
learning resources for faculty and students alike. 

Finally, faculty may have concerns about personal devel-
opment of these skills above and beyond existing work-
loads and service responsibilities. Although there is no 
one way to acquire a working knowledge of R and recruit 
students from within or outside the department to create a 
shared-learning experience, some ideas include (1) team-
ing up with a faculty member in another department to 
teach an introductory interdisciplinary course in compu-
tational social science or conduct a shared lab experience, 
(2) seeking out modest resources (such as professional 
development funds or special funding at the institutional 
level) to take data science courses or workshops, (3) sitting 
in on courses taught within the institution to learn basic R 
skills, or (4) enrolling in mini-workshops or talks offered 
through one’s institution or at professional conferences 
(e.g., the Society for Personality and Social Psychology 
offered a big data workshop in 2019). A certain amount 
of flexibility and patience is helpful for incorporating CSS 
skills into an undergraduate research experience, either lab-
based or in the classroom. Consistent with an open-science 
framework, CSS tools are updated and upgraded frequently 
on shared code repositories (e.g., GitHub), adding to the 
need for patience and a motivation to learn. However, 
experience has shown that undergraduate students adapt 
quickly to this learning environment and especially enjoy 
being able to work alongside faculty and develop stronger 
bonds that help them persist in STEM fields. 

Discussion
To capitalize on the growing interest in and utility of learn-
ing and applying computational methods to psychological 
research, an innovative one-year research experience for 
undergraduate- and master’s-level students was imple-
mented at a medium-size university in the southwestern 
United States. Over the course of two semesters, five data 
science skills were taught and practiced, resulting in pro-
fessional presentations. Information is provided for faculty 
who may be interested in implementing this type of experi-
ence in their own labs or departmental curriculum.

The implications of the work are threefold. First, the incor-
poration of CSS skills provides students with a glimpse of 
skills believed to be vital in the twenty-first century. These 
skills are not always offered in the existing curriculum 
(although R is increasingly added to undergraduate statis-
tics courses), and students who partake in these activities 
may have a competitive advantage following graduation. 
Second, by incorporating CSS skills into undergraduate 
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Washington, DC: Society for the Teaching of Psychology, Divi-
sion 2, American Psychological Association.
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Julia Lane (Eds.). 2017. Big Data and Social Science: A Practical 
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faculty to be open to new ideas and a willingness to engage 
with a community of similar-minded researchers. It is a 
challenge but also an opportunity—to reach out to others 
on campus as well as be available to serve as a resource 
for others. The authors believe that any exposure to CSS 
skills will benefit undergraduates during their education 
and following graduation. Students live with, interact with, 
and create forms of big data each time they browse the web 
or interact with their friends on social media. Leveraging 
these everyday experiences to teach them skills associated 
with the analysis of big data benefits students in dispropor-
tionate ways. This article describes the authors’ own expe-
riences and offers resources and ideas about how others 
might begin. The hope is that other faculty will be inspired 
to expose themselves and their students to CSS.
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Multisite, course-based undergraduate research experi-
ences (CUREs) in the Ecological Research as Education 
Network (EREN) were assessed for impacts on student 
learning of collaborative science skills using a survey that 
could serve as a starting point for a validated assessment 
instrument for multisite CUREs. Pretests/posttests were 
administered across multiple courses and institutions, cap-
turing effects of diverse EREN projects and pedagogies on 
collaborative knowledge. Students’ scientific collabora-
tion and data management skills improved most in small, 
upper-level courses. The amount of EREN content in a 
course was positively associated with posttest scores for 
60 to 86 percent of assessment survey questions. However, 
no learning gains were seen for some questions, and some 
cases of low competency and effects of timing and place 

of assessment testing were observed in student scores. 
EREN CUREs need further development to maximize 
their potential.
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research, course-based undergraduate research experi-
ences, CUREs, EREN, undergraduate teaching 
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Teaching science by engaging students in authentic 
research is widely recognized as a best practice in under-
graduate biology education (American Association for 
the Advancement of Science 2011; National Research 
Council 2003; President’s Council of Advisors on Sci-
ence and Technology 2010, 2012). When students par-
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ticipate in course-based undergraduate research experi-
ences (CUREs, defined by Auchincloss et al. 2014), they 
improve their understanding of scientific concepts and 
gain an appreciation of the complexity and challenges 
inherent in scientific discovery (Klug et al. 2017; Linn et 
al. 2015; Russell et al. 2007). However, most assessment 
work has focused on single-student or single-site research 
experiences. Less is known about how participation in 
collaborative, networked, multi-site research projects, true 
to the authentic nature of ecological science, affects under-
graduate student learning in a classroom context. 

Collaborative, multi-site research endeavors such as 
the Long-Term Ecological Research (LTER) network, 
National Ecological Observatory Network (NEON), and 
the Critical Zone Observatories (CZOs) are increasingly 
important in ecology (e.g., Craine et al. 2007; Fraser et al. 
2013; Peters et al. 2014). Training students to understand 
and engage in this work should be a focus of the under-
graduate curriculum. To take part in multi-site, large-scale 
research, tomorrow’s scientists will need a sense of eco-
logical variation across space and time, as well as skills 
in collaboration, communication, and data management 
(Bestelmeyer et al. 2015; Cheruvelil et al. 2014). Even 
students who will not become professional scientists need 
an understanding of how multi-site, collaborative research 
contributes to scientific knowledge and environmental 
policy, as they develop as citizens and twenty-first century 
workers who engage with scientists in interdisciplinary 
teams (21st Century Framework 2016). It is argued here, 
therefore, that instructors need to teach collaborative sci-
ence skills throughout a student’s science education. It is 
critical that undergraduate curricula integrate opportuni-
ties for people with diverse skill sets, backgrounds, and 
career goals to participate in collaborative projects as they 
learn the research process. 

The Ecological Research as Education Network (EREN) 
is an organization that emerged from a grant from the 
Research Coordination Network’s Undergraduate Biology 
Education Program of the National Science Foundation 
(DEB 0955344, 2010–2016). EREN’s mission is to create 
and facilitate collaborative ecological research projects 
that generate publishable data and involve undergraduate 
students and faculty across a broad geographic network of 
research sites (Bowne et al. 2011; Simmons et al. 2016). 
EREN supports diverse projects (see EREN n.d.a, n.d.b), 
that have resulted in peer-reviewed publications, including 
studies of riparian vegetation effects on stream tempera-
tures (Simmons et al. 2015), bird-window collision pat-
terns across North America (Hager et al. 2017), and urban-
ization effects on turtle population sex ratios (Bowne et al. 
2018, 2019). EREN projects follow a common model of 
undergraduate students and faculty collecting data at mul-
tiple sites using standardized methods, providing oppor-
tunities for cross-site data comparisons. For example, in 

the Permanent Forest Plot Project (PFPP), students use 
the same protocol to take tree measurements at all 60 sites 
across the EREN network. This work is usually the focus 
of one or more lab periods and often includes data analysis 
activities such as calculating carbon uptake in forest plots 
(e.g., Anderson et al. 2019).

Previous research suggests that EREN’s course-based 
undergraduate research experiences (CUREs) should 
enrich student learning. EREN projects are examples of 
“problem-based” or “project-based” learning that explore 
open-ended scientific questions (Blumenfeld et al. 1991; 
Krajcik and Blumenfeld 2006). Project-based learning 
has been shown to improve student skills, long-term con-
tent retention, and student and teacher satisfaction over 
traditional teaching methods (Dochy et al. 2003; Strobel 
and van Barnveld 2009; Styers 2018; Vernon and Blake 
1993). EREN also has philosophical similarities to ecolog-
ical citizen science projects such as Global Learning and 
Observations to Benefit the Environment (GLOBE), Proj-
ect Budburst, iNaturalist, and eBird, which have engaged 
thousands of K–12 and older students. However, assess-
ment of the classroom learning that emerges from these 
collaborative efforts has been surprisingly limited (but see 
Kennedy and Henderson 2003 for a discussion of K–12 
GLOBE program assessment). Some work has evaluated 
student learning in multi-institution molecular biology 
projects (e.g., Jordan et al. 2014; Shaffer et al. 2010). 
Collaborative CUREs involving labs from different sci-
entific disciplines have been shown to enhance students’ 
capacities to design experiments, attitudes toward science, 
interest in scientific careers (e.g., Kowalski et al. 2016), 
and understanding of interdisciplinary work (Boltax et 
al. 2015). However, work has not been identified that has 
systematically evaluated whether collaborative, multi-site 
research and citizen science networks are effective at 
teaching the value and process of scientific collaboration 
and other concepts associated with large-scale ecology.
 
Five themes were identified relevant to multi-site, collab-
orative ecological projects that students might encounter 
through engagement with EREN: 

1. multi-site hypothesis generation and experimental 
design, 

2. ecological variation across sites, 
3. methods for large-scale scientific collaboration, 
4. challenges in sharing and merging data across sites, and 
5. analysis and interpretation of multi-site data  

(see Table 1). 

The goal was to determine whether EREN projects, despite 
implementation in diverse ways across courses, had con-
sistent effects on student learning for these overarching 
themes. A generalized pretest/posttest assessment instru-
ment was developed to measure student learning related to 
collaborative science. 
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projects. For example, the PFPP compares tree diameters 
across sites, whereas the Decomposition in Aquatic and 
Terrestrial Invaded Systems (DATIS) project compares 
leaf decomposition dynamics across sites. However, both 
projects can prompt students to think about why eco-
logical processes (growth and decomposition rates) vary 
spatially, both offer opportunities for students to practice 
merging data sets from different sites, and so on. The 
EREN leadership team then created online pretest/posttest  
student surveys to evaluate student mastery of EREN 
learning goals. The presurveys/postsurveys were admin-
istered across two phases of the study. During the second 
round of survey administration (Phase 2), the survey 
questions were revised and shortened based on feedback 
from Phase 1. The questions were both open response and 
multiple choice in format and asked students to do the 
following: 

1. create hypotheses and experimental designs for multi-
site ecological questions; 

2. describe differences in environmental variables and 
ecological interactions across sites; 

3. describe methods, approaches, and attitudes essential 
for successful scientific collaboration; 

4. identify challenges to merging ecological data collected 
at different sites; and 

5. interpret multi-site ecological data presented in tables 
and graphs (see EREN n.d.d for specific questions).

The questions were the following:

1. Did improvements occur in student learning of EREN-
related themes in classes that included at least one type 
of EREN project?

2. If yes, are these improvements greater in classes that 
had more time and emphasis committed to EREN proj-
ects?

3. Are there particular ways of using EREN projects in 
teaching that seem more effective in improving student 
learning of EREN themes?

4. What other factors (e.g., student major, class size, 
administration conditions of the pretest and posttest sur-
veys) influence student learning improvements related 
to EREN?

It is hoped that a framework can be established to guide 
future assessment efforts in courses that incorporate multi-
site, collaborative, and distributed research projects as 
CUREs. 

Methods

Survey Development
The EREN leadership team (see EREN n.d.c) developed a 
set of learning goals for EREN projects related to the col-
laborative themes listed above (see Table 1). The idea was 
that, although projects may differ in focus, they have com-
mon elements due to their design and philosophy as EREN 

Learning goal theme Students will: Addressed in 
Phase 1 survey

Addressed in 
Phase 2 survey

1. Scientific methods 
in multi-site studies

A. propose appropriate, testable hypotheses for multi-site studies X X

B. propose appropriate experimental designs for multi-site studies X X

C. articulate the importance of uncertainty for experiments across 
 multiple sites

X –

2. Ecological variation 
across sites

A. identify factors that vary among sites across geographic or temporal 
scales

X X

B. describe interactions among these factors X X

C. describe how these factors affect ecological processes X X

3. Scientific  
collaboration

A. describe the value of scientific collaboration X –

B. describe the techniques of scientific collaboration X X

4. Data merging and 
management

A. demonstrate best practices in the accurate collection of multi-site,  
multi-participant datasets

X –

B. demonstrate best practices in the recording of multi-site,  
multi-participant datasets

X –

C. demonstrate best practices in the ethical management of multi-site, 
multi-participant datasets

X X

5. Data interpretation 
and analysis

A. interpret and draw conclusions from data collected in multi-site studies X X

B. analyze data collected in multi-site studies X X

TABLE 1. Student Learning Goals for the Ecological Research as Education Network (EREN)
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Survey Administration 
The Phase 1 survey (spring semester 2014) was admin-
istered in six courses across six institutions, and the 
modified Phase 2 survey (fall 2014, spring 2015, fall 
2015 semesters) was administered in 15 courses across 
12 institutions. Participating courses included a range of 
upper and lower level biology and environmental science 
classes, all of which had lecture and lab components (see 
Table 2). A total of 125 students (64.2 percent of those sur-
veyed) and 266 students (73.5 percent of those surveyed) 
completed the Phase 1 and 2 surveys, respectively. Survey 
administration followed IRB protocols (Ohio Wesleyan 
University Human Subject Committee Approved Study 
#10037 and #10059), and students could elect to opt out 
of the study without penalty.

A critical goal of this work was to evaluate the impact of 
EREN CUREs on student learning across a range of course 
designs. Rather than restrict faculty in how they incorpo-
rated EREN projects and surveys into their courses, the 
researchers chose to embrace the variation across EREN 
courses and statistically account for it. Therefore, all par-
ticipating faculty provided information about their course 
structure (see Tables 2 and 3), and this information was 
included in regression models. Course structure questions 
requested information about learning goals, enrollment, 
EREN goals addressed, the allocation of lab and class 
time to EREN projects, and the timing and incentives for 
completion of the pretest and posttest surveys. Participat-
ing courses included up to four EREN projects (see Table 
2), with the PFPP as the most common. Two courses did 
not use EREN projects and were viewed as important to 
include, because the researchers wanted to represent a full 
continuum, from courses that had no EREN content to 
those that focused intensively on EREN. All courses that 
used EREN projects incorporated them into one or more 
labs, and all courses that used the same project used the 
same data collection protocols (see EREN n.d.b for spe-
cific protocols). EREN material was included in lecture 
contexts (defined as classroom-based instruction without 
a hands-on component) in 33 percent and 47 percent of 
classes in Phases 1 and 2, respectively (see Table 3). Most 
courses in Phase 2 (80 percent) also used EREN data in an 
out-of-class assignment such as a lab report (this informa-
tion was not collected in Phase 1). Courses varied in how 
EREN concepts and data were presented to students and 
in the timing of surveys, the incentives for survey comple-
tion, and whether surveys were completed in class or as a 
take-home assignment (see Table 3).

Survey Scoring and Data Analysis
Open-ended response questions were scored using a four-
level rubric by five of the authors for Phase 1 and eight 
of the authors for Phase 2. The lowest rubric level was 
“novice” (1 = little or no knowledge of the concept), and 
scores progressed to “intermediate” (2 = some knowl-

edge), “experienced” (3 = significant knowledge), and 
“expert” (4 = equivalent to ecology faculty responses to 
the survey questions). Following norming discussions, 
15 percent of the survey responses from Phases 1 and 2 
were scored by two project investigators; a concordance 
analysis indicated that different scorers evaluated the same 
response with scores that were adjacent or identical at least 
80 percent of the time for all questions (see McHugh 2012 
for a recent inter-rater reliability review). Therefore, the 
Phase 1 and Phase 2 rubrics were judged to be reliable 
scoring metrics, consistent with other studies using simi-
lar cognitive apprenticeship rubrics (e.g., Bernstein and 
Greenhoot 2014). In cases where scores were adjacent, 
the mean of the two scores was used in further analyses. 
Following the concordance analysis, sets of randomly 
selected cases were assigned to a single faculty scorer. 
Questions without answers (n = 3 for Phase 1, n = 5 for 
Phase 2) were treated as missing values. Student identities, 
institutions, and pretest or posttest status of each response 
were known only to the project data administrator, who 
also scored the multiple-choice questions.

To evaluate student learning changes across each of the 
two survey phases, the researchers performed the follow-
ing analyses: 

1. a comparison of mean pretest and posttest scores for 
each question for each course and calculations of effect 
sizes for these comparisons (Vacha-Haase and Thomp-
son 2004), 

2. a correlation analysis relating the number of significant 
improvements in posttest questions to the number of 
EREN lectures and labs in the course, and

3. stepwise multiple regression modeling to identify vari-
ables that predict posttest performance.

In multiple regression modeling, a full model using all pre-
dictor variables was built for each survey question using 
the enter method in R Version 3.6.1 (R Core Team 2013), 
and variance inflation factors (VIFs) were calculated for 
each predictor using the “car” package (Fox and Weisberg 
2019). VIF values of 5 or higher, which indicate problem-
atic multicollinearity among predictors, were common in 
the dataset, so stepwise regression was employed (“leaps” 
package in R, Lumley 2017) to identify the most important 
predictor variables of posttest scores for each question. 
VIF values then were checked for the final models gener-
ated and were found to be usually below 2, suggesting low 
correlation among predictor variables and good model 
stability. In four cases, a VIF remained above 5 for a 
particular predictor even after stepwise regression. The 
predictor was removed from the model pool, and stepwise 
regression was repeated (see Tables 5, 6, and 7 for spe-
cifics). Due to concerns about multicollinearity, specific 
EREN projects were not used as predictor variables in 
regression models—the goal was to see if the inclusion 
of any EREN project had a consistent effect on student 
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Institution Faculty Course name Course 
traits*

Overall 
class 
size

Number 
of survey 

responses

EREN projects  
included in the 

course†

Phase 1

Carthage College T. Gartner
Case Studies in 
Environmental Science

1Ac 18 10 DATIS

Colgate University T. McCay
Evolution, Ecology, and 
Diversity

1Ac 70 48 PFPP

Macalester College J. Dosch Ecology 1Ac 44 20 PFPP

Ohio Wesleyan 
University

L. Anderson
Plant Communities and 
Ecosystems

2Ac 9 9
PFPP, DATIS, 

WORMS

SUNY Plattsburgh J. Straub Plant Ecology 2Ac 22 20 None

Sewanee: The University 
of the South

K. Kuers Forest Ecology 2Ac 18 15 PFPP

Phase 2

Ashland University P. Saunders Ecology 2Ac 15 15 None

Babson College V. Rodgers
Case Studies in Ecological 
Management

2Bc 72‡ 56 PFPP

Beloit College C. Mankiewicz Environmental Biology 2Ac 17 5
TurtlePop, WORMS, 

RBAST

Lebanon Valley College R. Urban Ecology 2Ac 12 10
TurtlePop, WORMS, 

MAST

Macalester College J. Dosch Ecology 1Ac 44 19 PFPP

Meredith College
E. Lindquist, 
A. Powell§ Plant Biology 2Ac 36 21 PFPP

Ohio Wesleyan 
University

L. Anderson
Plant Communities and 
Ecosystems

2Ac 13 12
PFPP, DATIS, 

WORMS, MAST

D. Johnson
Organisms and Their 
Environment

1Ac 30 24 PFPP

Randolph-Macon 
College

B. Ramage Ecology 2Ac 9 8 PFPP

Roanoke College
M. Steinweg General Ecology Lab 2Ac 16 14 PFPP

M. Petersen General Ecology Lab 2AC 35 31 PFPP

Sewanee: The University 
of the South

K. Kuers Forestryǁ fall 2014 1Ac 20 10 PFPP

K. Kuers Forestryǁ fall 2015 1Ac 22 22 PFPP, DATIS

St. Olaf College K. Shea Field Ecology 2Ac 9 7 WORMS

Washington & Jefferson 
College

J. Kilgore Field Biology 2Ac 12 12 PFPP, EAB,  
MAST, BIRD

*Professor reported course as 1 (lower level, enrolling or targeting at least 80 percent first- and second-year students with no prerequisite), 2 (upper level, 
enrolling or targeting second-year students and higher, with a prerequisite course), A (targeting STEM majors), B (targeting non-STEM majors), a (lec-
ture only), b (lab only), c (lecture plus lab).
†RBAST = Riparian Buffers Affect Stream Temperatures; TurtlePop = Urbanization Effects on Turtle Populations ; DATIS = Decomposition in Aquatic 
and Terrestrial Invaded Systems; WORMS = Distribution of Earthworms; BIRD = Bird-Window Collisions; PFPP = Permanent Forest Plot Project;  
EAB = Emerald Ash Borer Project; MAST = Oak Mast Project. See EREN n.d.b.
‡This course had two sections of 36 students taught by the same instructor.
§The lecture classes were co-taught by Lindquist and Powell, with the lab sections conducted by Powell.
ǁThis course, taught by the same instructor, participated in the EREN Phase 2 assessment in fall 2014 and fall 2015, and were treated as two separate 
courses in the analysis.

TABLE 2. Participating Institutions, Faculty, and Courses in Phases 1 and 2 and General Course Traits
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The use of EREN projects and the administration of 
pretests and posttests 

Number of courses, lectures, labs, or assignments
Phase 1 courses (N = 6) 
Phase 2 courses (N = 15) 

Phase 1—Use of EREN projects

Projects used as lab exercises
5 courses
1–5 labs per course

Projects used as lecture material
2 courses
1 or 6 lectures per course

Projects used as the basis for an out-of-class assignment Information not collected

Phase 1—Pretest and posttest administration

Pretest given at the start of the semester 4 courses

Pretest given just before the EREN content 2 courses

Pretest given outside of class as a take-home assignment Information not collected

Pretest given during class or lab Information not collected

Posttest given at the end of the semester 4 courses

Posttest given just after the EREN content 2 courses

Posttest given outside of class as a take-home assignment Information not collected

Posttest given during class or lab Information not collected

Phase 2—Use of EREN projects

Projects used as lab exercises
14 courses
1–11 labs per course

Projects used as lecture material
7 courses
1–7 lectures per course

Projects used as the basis for an out-of-class assignment
12 courses
1–3 assignments per course

Phase 2—Pretest and posttest administration

Pretest given at the start of the semester 8 courses

Pretest given just before the EREN content 7 courses

Pretest given outside of class as a take-home assignment 11 courses

Pretest given during class or lab 4 courses

Posttest given at the end of the semester 13 courses

Posttest given just after the EREN content 2 courses

Posttest given outside of class as a take-home assignment 8 courses

Posttest given during class or lab 7 courses

TABLE 3. The Use of Ecological Research as Education Network (EREN) Projects and the Administration of Pretests and 
Posttests in Courses in the EREN Assessment Study

learning of collaborative science themes. All models con-
trolled for the pretest score by including it as a predictor 
variable to account for different levels of student compe-
tency and prior knowledge within and across institutions 
that could influence posttest scores. This was considered a 
more statistically appropriate way of accounting for prior 
knowledge and competency than performing analyses on 
the difference between pretest and posttest scores. 

Pretest and posttest scores were examined for normality 
and heteroscedasticity. Data were found to be non-normal-
ly distributed for all questions (p < 0.05 for Shapiro-Wilks 
tests comparing score data to a normal distribution), so 
nonparametric Wilcoxon signed-rank tests were performed 

to compare pretest and posttest scores. Normal probability 
plots of residuals were examined during the multiple linear 
regression analyses to check for normal distributions of 
data for each question. Shapiro-Wilks tests were done in R 
Version 3.5.1 (R Core Team 2013) and Wilcoxon signed-
rank tests were done using the Statistical Package for the 
Social Sciences (SPSS Version 24, IBM Corporation, 
Armonk, NY).

Results

Phase 1 Student Responses: Pretest/Posttest Comparisons
Significant improvements in posttest scores relative to pre-
test scores were observed in three courses for the question 
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Phase 1 Student Responses: Multiple Regression Modeling
The stepwise regression models constructed to predict post-
test scores for individual questions (see Table 5) explained 
7 to 32 percent of the variance in student responses (see 
Table 6). The number of EREN lectures or labs in a course 
was a positive predictor of posttest scores for 60 percent 
of assessment questions. The number of EREN lectures 
positively associated with posttest scores for questions on 
ecological variation across sites, scientific collaboration, 
and data merging and management (Questions 4, 5, and 
7, respectively), whereas the number of EREN labs was 
a positive predictor for questions on scientific methods in 
multi-site studies, scientific collaboration, and data merg-
ing and management (Questions 1, 6, and 8, respectively; 
see Tables 5 and 6). Course level was a positive predictor 
of posttest scores for questions about data merging and 
interpretation (Questions 8 and 10, respectively), meaning 
that students in upper level courses tended to have higher 
posttest scores, whereas course enrollment was a nega-
tive predictor of posttest scores for questions on scientific 
methods, ecological variation, and scientific collaboration 
(Questions 2, 3, and 6, respectively); thus students in larg-
er courses tended to have lower posttest scores (see Tables 
5 and 6). Question 7 (data merging) was an exception in 
showing enrollment as a positive predictor. Unexpectedly, 
when faculty specifically emphasized the learning goal 
relevant to the survey question, this was a significant nega-
tive predictor of posttest scores for two questions but was 
a significant positive predictor for two others (see Tables 
5 and 6). Finally, pretest scores were a significant positive 
predictor of posttest scores for all but one question, and 
the number of previous biology courses was a significant 
positive predictor for three questions, indicating that prior 
student knowledge and abilities were important factors in 
posttest performance (see Tables 5 and 6).

Phase 2 Student Responses: Multiple Regression Modeling
The stepwise regression models based on the Phase 2 data 
explained a similar amount of variation (13 to 28 percent; 
see Tables 5 and 7) as the Phase 1 data and also showed 
evidence for significant positive effects of EREN activities 
on student posttest scores for 6 out of 7 (86 percent) of 
the assessment questions. The number of EREN lectures 
in a course was a significant positive predictor of posttest 
scores for questions on multi-site experimental design, 
scientific collaboration, and data interpretation (Questions 
1b, 3, and 5, respectively), whereas the percentage of the 
course focused on EREN was a positive predictor for envi-
ronmental variation and data integration (Questions 2b and 
4; see Tables 5 and 7). The number of EREN labs was a 
positive predictor for Question 1a on hypotheses for multi-
site studies, although the number of EREN assignments 
was also a negative predictor in this same model (see 
Tables 5 and 7). Course level was a positive predictor for 
Question 2a on ecological interactions, indicating that stu-
dents in upper level courses scored higher on this question. 

on scientific collaboration (Question 6) and in two courses 
for the question on identifying problems with merging 
datasets from different sites (Question 8), as well as in 
single courses on questions asking students to describe 
how the environment changed across sites (Question 4) 
and to interpret multi-site data in a graph (Question 9, 
Table 4). The largest effect sizes (0.9 and higher) were 
observed in two courses that were both upper level and had 
enrollments of fewer than 20 students.

Four courses showed statistically significant decreases in 
posttest scores relative to pretest scores, one of which (at 
SUNY Plattsburgh) did not include any EREN content 
(see Table 4). With one exception, courses that showed 
significant decreases were lower level courses, and in all 
these courses, students completed the posttest as a take-
home assignment with no faculty supervision. All but 
one of the effect sizes calculated for these decreases were 
smaller than the effect sizes found for the gains in student 
learning (see Table 4).

The number of questions showing improvement between 
pretest and posttest scores increased as the total number 
of EREN lectures and labs in the course increased (r = 
0.91, p = 0.011). The number of EREN labs was the more 
important driver of this relationship, as evidenced by the 
positive correlation between number of questions showing 
improvement and lab number (r = 0.87, p = 0.025). This 
relationship was not significant for the number of lectures. 
However, only two of the six courses included EREN in 
lecture content in Phase 1; this small sample size may 
contribute to the lack of a significant effect. 

Phase 2 Student Responses: Pretest/Posttest Comparisons
For 11 of the 15 courses in Phase 2, no statistically signifi-
cant improvements were seen between pretest and posttest 
scores, and some courses showed significant decreases 
in posttest scores relative to the pretest, similar to Phase 
1 (see Table 4). However, significant learning improve-
ments in two to three courses were again observed in 
questions related to the themes of scientific collaboration 
(Question 3), data merging and management (Question 
4), and data interpretation (Question 5). Two courses, 
both upper level with small enrollments, showed statisti-
cally significant improvements in posttest scores relative 
to pretests for three of the seven questions, and with one 
exception, significant positive learning gains were seen 
only in these kinds of courses. Small, upper level courses 
also showed the largest effect sizes in learning gains, 
although one such course had small effects in Phase 2 (see 
Table 4). In contrast to the Phase 1 survey, there were no 
significant correlations between the numbers of questions 
that showed improvements in a course and the number of 
EREN lectures, labs, or assignments, although there was 
a weak, non-significant, and positive relationship between 
the number of EREN lectures and numbers of questions 
showing improvement in a course (r = 0.48, p = 0.070).
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Phase 1 Phase 2

Question themes and 
courses showing significant 
changes between pretests 
and posttests (numbers of 
student survey responses)

Mean 
pretest 

score and 
standard 
deviation

Mean post-
test score 
and stan-

dard devia-
tion

Cohen’s 
d

Question themes and 
courses showing significant 
changes between pretests 
and posttests (numbers of 
student survey responses)

Mean 
pretest 

score and 
standard 
deviation

Mean 
posttest 

score and 
standard 
deviation

Cohen’s d

Scientific methods in multi-site studies 

Question 1—Hypothesis generation Question 1a—Hypothesis generation

NS NS NA NS NS NA

Question 2—Experimental design Question 1b—Experimental design

Macalester College  
(n = 20, lower) 

3.10 
(1.021)

2.50  
(1.147)

-0.55 Meredith College  
(n = 21, upper)

2.14 
(0.595)

2.57 
(0.618)

0.34

Roanoke College 
(Steinweg) (n = 14, upper)

2.68 
(0.575)

2.32 
(0.799)

-0.34

Ecological variation across sites
Question 3—Variation in drivers and interactions across sites Question 2a—Variation in drivers and interactions across sites

SUNY Plattsburgh  
(n = 20, upper)

3.53 
(0.581)

3.18  
(0.699)

-0.54 Roanoke College 
(Peterson) (n = 29, upper)

2.17 
(0.645)

0.79 
(0.675)

-0.65

Question 4—Variation across and within sites Question 2b—Variation across and within sites
Ohio Wesleyan University  
(n = 9, upper)

2.38 
(1.079)

3.40  
(0.911)

1.02 NS NS NA

Scientific collaboration

Question 5—Value of scientific collaboration in ecology Question 3—Tools used in scientific collaboration across sites

NS NS NA Macalester College  
(n = 19, lower)

2.79 
(0.902)

2.11 
(0.859)

-0.77

Question 6—Tools used in scientific collaboration across sites Ohio Wesleyan University  
(n = 12, upper)

2.33 
(0.807)

3.25 
(0.723)

 0.28

Macalester College  
(n = 20, lower)

1.96 
(0.979)

2.63  
(1.047)

0.67 St. Olaf College  
(n = 7, upper) 

2.36 
(1.180)

3.29 
(0.994)

0.85

Ohio Wesleyan University  
(n = 9, upper)

1.39 
(0.486)

2.51  
(0.762)

1.75  

Sewanee: The University of 
the South (n = 15, upper)

1.55 
(0.703)

2.32  
(0.982)

0.90

Data merging and management
Question 7—Coordination of multi-site data collection Question 4—Challenges merging multi-site data

Colgate University  
(n = 48, lower)

1.94 
(1.405)

1.44  
(1.070)

-0.40 Lebanon Valley College  
(n = 10, upper)

1.61 
(0.782)

2.17 
(0.354)

 1.02

Sewanee: The University of 
the South (n = 15, upper)

2.13 
(1.500)

1.38  
(1.025)

-0.58 Ohio Wesleyan University  
(n = 12, upper)

1.88 
(0.742)

2.54 
(0.722)

 0.35

Question 8—Challenges merging multi-site data
St. Olaf College (n = 7, 
upper)

2.00 
(0.816)

3.14 
(0.690)

 1.50

Ohio Wesleyan University  
(n = 9, upper)

1.29 
(0.593)

2.47  
(1.100)

1.34

Sewanee: The University of 
the South (n = 15, upper)

1.16 
(0.356)

1.72  
(0.766)

0.93

Data interpretation and analysis

Question 9—Data interpretation, part 1 Question 5–Data interpretation

Macalester College  
(n = 20, lower)

2.20 
(1.005)

2.75  
(0.967)

0.56  Randolph-Macon College 
(n = 8, upper)

2.13 
(1.126)

1.50 
(0.926)

-0.61

Question 10—Data interpretation, part 2 Ohio Wesleyan University 
(n = 12, upper)

2.00 
(0.853)

2.92 
(0.669)

 0.35

NS NS NA  St. Olaf College  
(n = 7, upper)

1.29 
(0.756)

2.71 
(1.113)

 1.49

Note: Effect sizes 0.20–0.49 are considered small, effect sizes 0.50–0.79 are considered moderate, and effect sizes greater than 0.80 are considered large 
(Vacha-Haase and Thompson 2004). Positive effect sizes are in bold. Smaller enrollment courses tended to have larger and positive effect sizes. 
NS = Not statistically significant, NA = Not applicable, lower = lower level course as defined in Table 1, upper = upper level course as defined in Table 1.

TABLE 4. Results of Phase 1 and Phase 2 Wilcoxon Signed-Rank Comparisons between Pretest and Posttest Scores and 
Effect Sizes (Cohen’s d) 
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scientific collaboration, data merging and management, 
and data interpretation. Numbers of EREN lectures and 
lab activities, as well as the amount of emphasis on EREN 
content in a course, were usually significantly positively 
related to higher posttest scores for both surveys, and the 
fact that no significant learning gains were seen in the two 
courses that lacked EREN content suggests that the typi-
cal undergraduate ecology curriculum does not generally 
include EREN-related themes. However, learning gains 
were not consistent across courses with EREN content. 
The most substantial EREN learning gains occurred in 
upper level courses with small enrollments, whereas lower 
level courses usually showed no gains or even lower post-
test scores relative to pretest scores. 

Why might differences be seen in EREN impact based 
on course level? Lower level courses usually presented 
EREN material as a single lab-based exercise, which may 
not provide sufficient immersion and context to learn col-
laborative science skills. In the Phase 2 regression models, 
the number of EREN lectures in a course was a signifi-
cant positive predictor of posttest scores more often than 

Test administration was a significant negative predictor 
of posttest score for questions on scientific collaboration 
and data interpretation (Questions 3 and 5), with students 
who took the test outside of class having lower scores than 
those who took the test during class, whereas the opposite 
pattern was seen for a question on ecological interactions 
(Question 2a). In addition, students who took the posttest 
right after the EREN content was completed had higher 
test scores than those who took the posttest at the end of 
the semester for questions on experimental design and data 
interpretation (Question 1b and 5). As in Phase 1, student 
pretest scores were consistently a significant positive 
predictor of posttest scores, and three questions showed 
taking previous biology courses as a positive predictor as 
well (see Tables 5 and 7).

Discussion
Incorporating EREN projects into undergraduate courses 
resulted in significant measurable improvements in stu-
dent learning for themes relevant to multi-site, collabora-
tive ecological research. In both surveys, these improve-
ments were most consistently associated with themes of 

Model information Predictor variables tried in models (form of each variable)

Phase 1—Data collected were from 6 classes across 6 
institutions in spring 2014

N = 122 complete student responses for the open-
response questions 

N = 125 complete student responses for the multiple-
choice questions.*

All models were generated using stepwise regression 
using stepAIC in R.

1. Student major status (not a biology major = 0, biology major = 1)
2. Student year (first year = 1, second year = 2, third year = 3, fourth year = 4)
3. Other biology courses (number of previous biology courses, integer value)
4. Enrollment (number of students enrolled in the course, integer value)
5. Course level (lower = 0, upper = 1) 
6. Number of EREN lectures (integer value)
7. Number of EREN labs (integer value)
8. Emphasis on the learning goal associated with the question (professor reported 

no = 0, professor reported yes = 1)
9. Posttest timing (right after content = 0, end of semester = 1)
10. Posttest incentive (1 = voluntary, 2 = credit, 3 = penalty)
11. Pretest score (integer value)

Phase 2—Data collected from 15 classes across 12 
institutions in fall 2014, spring 2015, and fall 2015

N ranged from 260 to 266 for complete student 
responses for each question 

All models were generated using stepwise regression 
using stepAIC in R.

1. Student major status (not a biology major = 0, biology major = 1)
2. Student year (first year = 1, second year = 2, third year = 3, fourth year = 4)
3. Other bio courses (number of previous biology courses, integer value)
4. Course level (lower = 1, upper = 2)
5. Enrollment (number of students enrolled in the course, integer value)
6. Number of EREN lectures (integer value)
7. Number of EREN labs (integer value)
8. Number of EREN assignments (integer value)
9. EREN percentage (percentage of course content focused on EREN. None = 0,  

< 10% = 1, 10–25% = 2, 26–50% = 3, 51–75% = 4, > 75% = 5)
10. Multi-site emphasis (no emphasis on multi-site data in course = 0, multi-site  

data emphasis present = 1)
11. Posttest timing (after EREN content = 0, end of semester = 1)
12. Posttest place (in class = 0, out of class = 1)
13. Pretest score (integer value)

*Information about the number of EREN assignments and the posttest given in-class or out of class was only collected in Phase 2.

TABLE 5. Descriptions of Multiple Regression Models for Phase 1 and Phase 2
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Question ID number and themes† 

Significant predictors of posttest scores in models  
generated by stepwise regression

R 2 Variables Coefficient (SE) P

Q1—Form hypotheses for multi-site experiments (open response)‡ 0.07 No. of EREN labs 0.130 (0.065) 0.048

Q2—Evaluate the experimental design of a multi-site study (multiple 
choice)

0.20
Enrollment

Posttest timing
Q2 pretest

-0.008 (0.003)
0.374 (0.175)
0.429 (0.089)

0.014
0.035

< 0.001

Q3—Explain how ecological interactions differ across sites (open response) 0.09
Enrollment

Goal 2 emphasis
Q3 pretest

-0.008 (0.003)
0.412 (0.178)
0.226 (0.085)

0.017
0.023
0.009

Q4—Explain environmental variation across sites (open response)§ 0.32
No. of EREN lectures
Other biology courses

Q4 pretest

0.160 (0.053)
0.097 (0.035)
0.421 (0.079)

0.003
0.007

< 0.001

Q5—Discuss the value of scientific collaboration (open response) 0.14
No. of EREN lectures

Q5 pretest
0.095 (0.041)
0.340 (0.085)

0.023
0.001

Q6—Describe key tools and techniques for scientific collaboration  
(open response)

0.24

No. of EREN labs
Enrollment

Other biology courses
Q6 pretest

0.178 (0.051)
-0.0165 (0.006)
0.104 (0.045)
0.379 (0.107)

< 0.001
0.004
0.022

< 0.001

Q7—Understand concept of using trap area information to calculate acorn 
production at different sites (multiple choice)ǁ

0.23

No. of EREN lectures
Enrollment

Goal 4 emphasis
Q7 pretest

0.398 (0.095)
0.025 (0.007)
-0.949 (0.303)
0.211 (0.071)

< 0.001
0.001
0.002
0.003

Q8—Identify problems with integrating data sets from different sites into 
the same database (open response)

0.31

No. of EREN labs
Course level

Other biology courses
Goal 4 emphasis

Q8 pretest

0.176 (0.041)
0.379 (0.165)
0.076 (0.033)
0.619 (0.147)
0.576 (0.104)

< 0.001
0.024
0.021

< 0.001
< 0.001

Q9—Interpret multi-site data presented in a graph and understand analysis 
methods (multiple choice)

0.26
Goal 5 emphasis

Q9 pretest
-0.596 (0.189)
0.479 (0.078)

0.002
< 0.001

Q10—Interpret multi-site data presented in a graph and understand analysis 
methods (multiple choice)

0.17
Course level
Q10 pretest

0.539 (0.199)
0.334 (0.083)

0.008
< 0.001

Note: The variable options for each model are described in Table 5.
†See EREN n.d.d for full question text.
‡Stepwise models for Q1 were done without the Goal 1 emphasis variable due to a high variance inflation factor for this predictor.
§Stepwise models for Q4 were done without the Goal 2 emphasis variable due to a high variance inflation factor for this predictor.
ǁStepwise models for Q7 were done without the course-level variable due to a high variance inflation factor for this predictor.

TABLE 6. Stepwise Multiple Regression Model Results for Posttest Answers on Survey Questions in Phase 1 

the number of EREN labs, and upper level courses had a 
greater tendency to include EREN content in lectures (r = 
0.25, p < 0.01). Presenting EREN material in both lecture 
and lab may have a reinforcing effect through repetition 
and elaboration of information, as suggested by studies 
documenting the benefits of students taking lecture and 
lab sections concurrently (e.g., Matz et al. 2012; Saunders 
and Dickinson 1979). Courses that included EREN lec-
tures also tended to have more emphasis on EREN content 
overall, so greater immersion in EREN may have been 
important. In addition, students may have a more difficult 
time integrating content from active learning experiences 
such as labs compared to lectures (e.g., Cooper, Ashley, 
and Brownell 2017) or may experience challenges to 
learning when working in lab groups, although the effect 
of group learning on academic achievement is often found 

to be positive (e.g., Springer, Stanne, and Donovan 1999). 
Out-of-class EREN assignments such as lab reports did not 
have a positive effect on student learning. However, such 
assignments were more commonly used in lower level 
courses (r = -0.28, p < 0.01), so the fact that these were not 
positively associated with student learning may reflect a 
lack of experience, preparation, or engagement of introduc-
tory students relative to upper level students (Carbone and 
Greenberg 1998; Cuseo 2007) rather than a truly negative 
effect of the assignments. 

Individual faculty varied widely in how they incorporated 
EREN projects into courses. EREN protocols are consistent 
across sites: students will collect data for the same project 
in the same way in labs at different institutions. However, 
the contexts in which the student-collected data were then 
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For example, a multiple-choice test specific to the EREN 
Riparian Buffers Affect Stream Temperatures (RBAST) 
project was administered in a pretest/posttest format 
across six institutions and detected a 28 percent improve-
ment in posttest scores relative to the pretest (Simmons et 
al. 2016). The instrument in this study is an exploratory 
first step toward a validated assessment tool that can apply 
across many types of multi-site CUREs, but the findings 
suggest that the instrument needs to be revisited before this 
can be achieved. Collaboration is invited from other orga-
nizations implementing multi-site CUREs in this effort.

The undergraduate students often initially showed low 
competency for EREN themes starting at the novice level 
and even as advanced students; they sometimes did not 
show significant improvements despite their coursework. 
These results highlight a critical need in undergraduate 
education to find effective ways to teach collaborative sci-
ence skills. Student competency was particularly low for 
questions related to data analysis and other quantitative 
skills, consistent with other findings showing that biologi-
cal science students need to improve in this area (Bialek 
and Botstein 2004). Others have found low levels of learn-

discussed by different instructors were quite diverse. For 
example,  some faculty emphasized the multi-site aspects 
of EREN in their teaching, whereas others used EREN 
projects to teach other topics without emphasizing com-
parisons across sites. To control for variation, instructors 
were asked which EREN learning goals were addressed in 
their courses, but this variable was not a consistent, signifi-
cant positive predictor of student learning in the regression 
analyses. In the future, EREN needs to conduct a deeper 
exploration of how to motivate and support instructors in 
teaching cross-site comparisons, as well as further investi-
gate the effectiveness of pedagogical techniques for teach-
ing the multi-site perspective. 

The driving question was whether improvements could be 
detected in student learning related to collaborative, large-
scale ecology using a common assessment instrument 
across courses that employed different EREN projects 
in different ways.  Although the instrument found some 
evidence of learning gains for common themes, EREN 
projects may be so diverse in their ecological focus and 
implementation that more targeted assessments may ulti-
mately be more effective in documenting student learning. 

Question ID number and themes† 

Significant predictors of posttest scores in models generated by 
stepwise regression

R 2 Variables Coefficient (SE) P

Q1a—Propose hypotheses for multi-site studies (open response) 0.13
No. of EREN labs

No. of EREN assignments
Q1a pretest

0.058 (0.021)
-0.210 (0.070)
0.251 (0.057)

0.006
0.003

< 0.001

Q1b—Design experiment for multi-site study (open response) 0.15
No. of EREN lectures

Posttest timing
Q1b pretest

0.106 (0.026)
-0.354 (0.131)
0.267 (0.058)

< 0.001
0.007

< 0.001

Q2a—Interpret data table from multi-site study, discuss how  
ecological interactions differ across sites (open response)

0.22

Course level
Posttest place

Other biology classes
Q2a pretest

0.345 (0.117)
0.346 (0.124)
0.069 (0.020)
0.252 (0.061)

0.004
0.005

< 0.001
< 0.001

Q2b—Explain environmental variation across sites (open response) 0.22
EREN percentage

Other biology classes
Q2b pretest

0.244 (0.089)
0.062 (0.025)
0.403 (0.057)

0.007
0.014

< 0.001

Q3—Discuss the tools and techniques involved in scientific  
collaboration (open response)

0.28
No. of EREN lectures

Posttest place
Q3 pretest

0.070 (0.030)
-0.307 (0.116)
0.419 (0.052)

0.019
0.008

< 0.001

Q4—Identify problems with integrating data sets from different 
sites into the same database (open response)

0.22
EREN percentage
Other bio classes

Q4 pretest

0.293 (0.079)
0.042 (0.021)
0.421 (0.061)

< 0.001
0.0433
< 0.001

Q5—Interpret multi-site data presented in a graph and understand 
analysis methods (multiple choice)‡ 0.17

No. of EREN lectures
Posttest timing
Posttest place

Q5 pretest

0.102 (0.029)
-0.344 (0.145)
-0.222 (0.103)
0.347 (0.060)

< 0.001
0.019
0.032

< 0.001

Note: The variable options for each model are described in Table 5.
†See EREN n.d.d for full question text.
‡Stepwise models for Q5 were done without the Enrollment variable due to a high variance inflation factor for this predictor.

TABLE 7. Stepwise Multiple Regression Model Results for Posttest Answers on Survey Questions in Phase 2 
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ways in which EREN projects are incorporated in different 
courses. This variability may defy use of a single, general 
assessment instrument. However, results from the instru-
ment do suggest that simply adding a single collaborative, 
multi-site CURE lab to a course, particularly a lower level 
course, is unlikely to achieve student learning of col-
laborative science themes. Careful consideration must be 
given to how to best engage students with these ideas and 
build their skills in collaborative ecological science, and 
more engagement with EREN content is likely to pay divi-
dends in student learning. Also, setting aside class time 
for assessment completion is likely to improve student 
performance. It is hoped this analysis will be informative 
to undergraduate educators who want to use project-based 
learning and data from EREN, NEON, LTER, and citizen 
science projects in their courses and contribute to further 
development of methods for teaching and assessment 
using large, multi-site datasets.
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Abstract
Diabetes is one of the largest global epidemics, neces-
sitating training for a new generation of scientists and 
physicians to work on the disease. Undergraduate research 
experiences can build an educational pipeline for talent 
in these professions. A NIH-sponsored summer diabetes 
research internship at the University of Virginia provided 
undergraduates with opportunities to engage in basic sci-
ences/clinically focused projects mentored by faculty, in 
areas such as diabetes-related epidemiology, genetics, 
complications, cell therapy, bioengineering, and artificial 
pancreas. Lectures, laboratory skills workshops, clini-
cal shadowing, professional development seminars, and 
a journal club supplemented the intern experience. The 
post-program survey indicated high satisfaction. Future 
activities will focus on expanded publicity and recruit-
ment, as well as identification of faculty mentors who can 
serve as role models for underrepresented individuals in 
the sciences. 

Keywords: biomedicine, diabetes, training program, 
undergraduate research
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Diabetes mellitus is currently one of the largest global 
epidemics, and it has been described as the “single most 
important public health challenge of the twenty-first cen-
tury” (Zimmet et al. 2016). It is predicted that, by the 
year 2045, there will be 700 million people around the 
globe living with diabetes (IDF 2019). Because of the vast 
number of people directly affected by the disease, there 
is a workforce shortage in the field (De Groot and Fisher 

2011). Clearly, it is necessary to build a training program 
for current students to encourage a future generation of 
diabetes researchers and medical professionals. 

One way to construct such a pipeline is through under-
graduate research experiences. Traditional undergraduate 
research programs might employ a narrower focus on 
individual student development, which fails to provide 
students with a holistic view of research. The pipeline pre-
sented here, by contrast, aims for a more comprehensive 
and systematic approach through interdisciplinary faculty 
lectures, lab skills workshops, a journal club, an increased 
focus on faculty mentorship, professional development 
seminars, and patient-centered clinical shadowing. Under-
graduate research has been shown to increase student self-
confidence, facilitate degree completion, and encourage 
progress into graduate education (Boyd and Wesemann 
2009; Galli and Bahamonde 2018; Linn et al. 2015). It 
also improves student learning to a much greater extent 
than traditional classroom courses (Ledbetter 2012) and 
helps intended STEM majors to persist in their educational 
and career paths (Graham et al. 2013). Adequate faculty 
mentorship of students is a major component of the under-
graduate research experience. Students who feel that they 
are supported by their faculty mentors are, in fact, more 
likely to attend graduate school (Eagan et al. 2013).

The Summer Diabetes Research Internship at the Uni-
versity of Virginia is an undergraduate research program 
sponsored by the National Institutes of Health (NIH). It 
aims to expose students to the world of diabetes research 
and treatment through active participation in laboratory 
projects, supervised by UVA research mentors. The goal is 
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to build an interdisciplinary research pipeline by allowing 
students to explore the field of diabetes and encouraging 
students to pursue a career in diabetes research and/or 
clinical treatment. 

Methods and Internship Overview
The internship program Training Interdisciplinary Scien-
tists for Functional Cure of Diabetes began in summer 
2018. The dates of the internship were May 29–August 3, 
2018. Each intern received a stipend of $4,000 to cover the 
costs of housing and transportation. Interns were required 
to either reside in Charlottesville or provide their own 
transportation to and from the university. 

Admission Process and Criteria
Applicants were required to be at least 18 years old and 
a US citizen or permanent resident. Applications were 
especially encouraged from those of racial, ethnic, and/or 
gender groups traditionally underrepresented in biomedi-
cal research (including African American, Native Ameri-
can, Hispanic/Latino, and female students) and those from 
lower socioeconomic backgrounds. 

The application was due in February 2018. Application 
components included a list of honors, awards, and activi-
ties; academic information (high school education, under-
graduate year, major, higher education institution); and 
two letters of reference. Applicants also had to write an 
essay expressing their interest in the program and detailing 
their achievements, personal characteristics, extracurricu-
lar activities, and academic and/or career goals. 

Applicants who demonstrated a strong interest in bio-
logical, bioengineering, and/or clinical research were more 
likely to be accepted. A strong interest in attending gradu-
ate or professional school, with a specific emphasis on 
diabetes research and/or treatment, also were key criteria 
for acceptance. A grade-point average (GPA) of at least 
3.0 and good academic standing were required. 

Two faculty mentors and one administrator reviewed the 
intern applications, and each applicant was scored based 
on the following four categories with a total of 10 points: 
Demographics (3 points), GPA (2 points), Essay (3 points), 
and Recommendation Letter (2 points). The 11 applicants 
with the highest scores were selected. The acceptance rate 
was 45.8 percent (11 accepted of 24 applicants). Nine stu-
dents were undergraduates enrolled at UVA, whereas two 
were enrolled at other undergraduate-level institutions. 

Student demographics are shown in Table 1. The intern 
cohort included those of racial and/or gender backgrounds 
traditionally underrepresented in medicine and biomedical 
research. Two applicants to the program self-identified 
as coming from a low socioeconomic background; these 
applicants were accepted. 

Lectures (25 total hours)
To supplement the research experience, there were 25 fac-
ulty- or staff-led lectures (see Table 2). These were struc-
tured as traditional classroom lectures, with distinguished 
lecturers from a diverse array of scientific backgrounds 
(ranging from a variety of basic research foci to clinical 
care). These lectures provided an overview of diabetes 
research and sought to establish an understanding of the 

Race and gender

Accepted Applied

Gender F M Total Gender F M Total

Race

Black or  
African American

2 0 2

Race

Black or  
African American

2 1 3

Hispanic or 
Latino

1 0 1
Hispanic 
or Latino

2 0 2

Asian 2 1 3 Asian 5 3 8

White 2 3 5 White 5 6 11

Total 7 4 11 Total 14 10 24

TABLE 1. Student Demographics

Undergraduate year

Year Applied Applied

First year 2 8 

Second year 5 5

Third year 3 8

Fourth year 1 3
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Category of lecture Individual lecture title

Diabetes Overview Diabetes Introduction

Diabetes: Public Health and Genomics

Diabetes Epidemiology and Health Behavior

Genetic Basis of Diabetes

Biostatistics for Translational and Clinical Research

Diabetes: Physiology
Islet/Beta Cells Physiology and Pathophysiology 

Islet Hormone Secretion and Mathematical Modeling

Diabetes: Treatment/Clinical

Islet Isolation, Transplantation, and Alternatives

Automated Insulin Delivery as a Treatment Option for Type 1

Diabetes Prevention and Treatment—Type 2

ES and iPS Cell Therapy for Diabetes 

Diabetes: Models, Signals, and Artificial Pancreas Control

Laboratory Methods

Animal Models in Diabetes and Medicine 

Multi-parametric Photoacoustic Microscopy of Vascular Dysfunction in Diabetes and Obesity 

Microfluidic Design and Application

Magnetic Resonance Imaging for Diabetes

Scientific and Research Methods

Chemical Safety

Literature Search and Critical Review

Introduction to Planning Clinical Research Projects at UVA

Personal Development (Professional 
Development Series)

Introduction to Effective Scientific Communication 

Research Ethics 

Avoiding “Death by PowerPoint”

Effective Scientific Communication II

How to Critically Read a Scientific Paper

Rigor and Reproducibility

Grad 101

Strategies for Successful Graduate School Applications

The Medical Scientist Training Program (MD/PhD)

Strategies for Successful Medical School Applications

Preparing CVs and Resumes

Successful Social Media for Scientists

Panel Discussion with Graduate Students

Category of Workshop Individual Workshop Title

Laboratory Skills Mice Islet Isolation

Protein, RNA, and DNA Extraction and Purification

Southern, Northern, and Western Blots 

PCR and Types

Fluorescence and Confocal Living Cell Imaging

Flow Cytometry and Western Blot 

Microfluidic Design and Fabrication

TABLE 2. Lecture and Workshop Titles
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Category of
mentor research Individual mentor interests

Islet 
Transplantation

Transplantation Tolerance

Xenotransplantation

Transplant Immunosuppression

Transplantation in Patients with HIV

Cell Transplantation for Diabetes

Encapsulation Technology

Transplantation across Immunological 
Barriers

Molecular 
Biology

Fat Tissue Biology Characterization of 
Genetically Modified Mice

Mechanisms That Regulate Glucagon 
Secretion, Glucose Homeostasis, and Growth 
Hormone Release

Insulin Action, Energy Metabolism, and 
Diabetes Complications

Molecular Biology of Islet Cell Proliferation

Genetics

Genetic Basis of Common Human Disease, 
Including Type 1 Diabetes, Diabetic 
Complications, Ischemic Stroke, and 
Atherosclerosis

Gene Therapy

Artificial 
Pancreas for 
Type 1 Diabetes

Mathematical Modeling

Continuous Glucose Monitoring

Closed Loop Control

Imaging

MRI of Pancreatic Beta Cells Using 
Manganese and Other Targeted Contrast 
Agents

Quantitation through MR Relaxometry and 
Multi-compartment Models

Optics and Ultrasound for Structural, 
Functional, Metabolic, and Molecular 
Imaging

Neuroscience
Role of Diabetes in Cognitive Decline

Diabetes and Obesity-Induced Microvascular 
Dysfunctions in the Brain

TABLE 3. List of Mentor Research Areas of Interestfundamental knowledge of basic and translational research 
as relevant to diabetes. Interns became familiar with cur-
rent diabetes research and treatment strategies. They were 
required to ask questions, provide comments, and debate 
the topics presented in lectures. 

Research Experience (approximately 260 total hours)
Upon acceptance of the internship offer, each intern was 
given a list of participating mentors and a description of 
their research. The intern was asked to rank their top three 
choices and was matched to one of the three research 
mentors. Research fields and backgrounds in the faculty 
mentor pool included clinical medicine, biomedical engi-
neering, diabetes technology, and genomics. A summary 
of faculty research interests is given in Table 3, and a list 
of intern projects appears in Table 4. 

Over the next 10 weeks, interns worked in labs and devel-
oped a research project with their mentor. The research 
project was the primary focus of the summer, consum-
ing most of the interns’ time. This was supplemented by 
lectures, workshops, and clinical shadowing to give the 
interns a broader perspective on their research. Details 
regarding the structure of the research projects and the 
timeline for the summer were set individually by interns 
and their mentors, acknowledging the fact that each men-
tor’s lab may operate in a different way. The internship 
administrators facilitated mentor-mentee meetings (espe-
cially during the first week of the internship) to outline the 
goals and project timeline of the intern for the summer. 
In most cases, interns were paired with a PhD student or 
postdoctoral scholar who helped to supervise and guide 
the undergraduate student during the research project. This 
was also done on an individual basis in the faculty men-
tor’s lab, with facilitation from the internship administra-
tors. Common activities completed by undergraduates in 
their research projects included basic experimental/data 
analysis design, “wet lab”/molecular biology techniques 
(e.g., qPCR, Western blot), data derivation from biological 
experiments (e.g., analysis of images), and data analysis 
and presentation (most commonly with Excel or R). Interns 
were encouraged to take charge of their own learning, read 
literature, and ask questions. In this way, interns exercised 
a certain degree of independence, taking full responsibility 
for their component of the project. Throughout the sum-
mer, faculty mentors frequently invited students to their 
lab meetings and required students to read the relevant 
literature independently. 

Laboratory Skills Workshops (12 total hours)
In addition to formal lectures, interns attended laboratory 
skills workshops led by UVA research faculty and staff. 
These workshops also were structured in a traditional 
classroom setting. Lecturers presented the rationale behind 
the laboratory techniques used in their laboratories, offer-
ing examples from their own research. These discussions 
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provided interns with an understanding of the procedures 
and mechanisms of the different techniques available for 
use in biomedical research. While exploring the diversity 
in methods, technical developments, and equipment avail-
able in the biological field, the laboratory skills workshops 
presented interns with the opportunity for in-depth learn-
ing of various laboratory techniques that may or may 
not have been employed in the interns’ own labs. This 
allowed interns to develop a broad understanding of the 
wide variety of options available in laboratories and thus 
helped them to develop a flexible, interdisciplinary view 
of research. Table 2 lists the titles of the laboratory skills 
workshops. 

Clinical Shadowing (92.5 total hours offered, 18 hours 
per student)
Interns were also given the opportunity to participate in 
patient-centered clinical observation. They shadowed a 
physician during normal rounds for a few hours at a time. 
Through clinical shadowing, the interns witnessed real-
world interactions between caregivers and patients, learn-
ing more about the current methods of clinical diagnosis 
and treatment for diabetes. Moreover, shadowing allowed 
the interns to see the application of diabetes research in 
improving the lives of patients and their families. Many 
physicians that the interns shadowed also were research 
mentors, which gave interns the opportunity to observe 

the work of physician-scientists. Offered were 92.5 total 
hours of clinical shadowing (57.5 in the clinic and 35 in 
the operating room), but only 1–2 students could shadow a 
physician at a time due to spatial constraints in the hospital 
setting.

Professional Development Series (13 total hours)
Interns in the Summer Diabetes Research Internship were 
invited to the Professional Development Series, a compo-
nent of the Summer Research Internship Program (SRIP) 
at the university, which is a separate and unrelated under-
graduate research program. The Professional Develop-
ment Series was a series of seminars led by the School of 
Medicine, covering various topics of personal and career 
development in biomedical science, such as industry ver-
sus academics, PhD versus MD or MD/PhD, scientific 
networking, and scientific communication. 

Journal Club (10 total hours)
Throughout the summer, interns read review articles 
and presented papers in small groups. Presenters rotated 
throughout the weeks, so that each intern had the oppor-
tunity to present a journal paper and hear from another 
group. The journal club provided interns with the opportu-
nity to critically read, understand, and analyze a scientific 
paper. Interns were assigned an article that the internship 
administrators believed would best summarize the current 
landscape of diabetes research. All journal articles were 
appropriate for an undergraduate reading level. Interns 
were given ample time to read the paper, prepare a presen-
tation (typically creating a PowerPoint), and discuss the 
presentation plan with their group. During the journal club 
discussion, other interns were encouraged to ask critical 
questions about the implications of the paper or questions 
requiring the presenters to integrate the knowledge they 
had learned from previous lectures and experiences. The 
journal club presentations demonstrated the basic structure 
of scientific communication: background, methodology, 
results, discussion, and conclusion, followed by questions 
and answers. 

Interns were required to critique the paper with a thorough 
discussion of its scientific merits. They also were encour-
aged to consider why the paper was important and envision 
whether the results presented could change the landscape 
of clinical practice or redirect research in the field. The 
journal articles included review papers on the topics of 
bariatric surgery, glycemic management, islet transplanta-
tion, global epidemiology, and tissue engineering for islet 
transplantation. 

Oral Presentation 
Interns had several weeks to prepare for an oral presenta-
tion, given on the last day of the internship program, which 
provided an opportunity for interns to reflect on their 

• Functional Impact of T1D Risk Variants Identified in African
Americans and Europeans

• Reproducibility of Mixed-Meal Tolerance Tests: Accuracy of
Home Testing

• Comparing Diabetes Distress: Artificial Pancreas versus
Sensor Augmented Pump

• Engineering a Microfluidic Chip for Cell Aggregation and
Pseudoislet Formation

• A Microfluidic Chip for Intervertebral Discs

• Characterizing Post-islet Transplantation Glycemic Control for
an In-Silico Model of Type 1 Diabetes

• The Effect of Cpeb4 Expression on Fat Distribution in Mice

• Myeloperoxidase Inhibition Reverses Vascular Insulin
Resistance in High Fat Diet-Fed Rats

• Diabetes and Alzheimer’s Disease: What Is the Link?

• Reversal of New Onset Type 1 Diabetes by IgM Therapy

• Use of Photoacoustic Microscopy to Monitor Oxygen and
Blood Perfusion in Awake Mice

TABLE 4. Titles of Oral Presentations by Interns
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research experience in diabetes research and treatment, 
as well as practice their scientific communication skills. 
Specifically, interns were asked to create a slide deck that 
would communicate the research project completed over 
the summer, following the loose structure of background, 
hypothesis, methods, results, and conclusions. 

1. Interns were asked to provide background of the
current state of research, as relevant to their area
of study.

2. They explained the process of formulating their
hypothesis and detailed the methodology used to
test this hypothesis. This communication required
a deep and thorough understanding of the under-
lying principles of their research.

3. They presented and explained their results and
conclusions, relying on skills of inference and
proper experimental interpretation.

4. They acknowledged the limitations of their proj-
ect and outlined the connections between their
research and other existing studies and/or possible
future studies, thus placing their research project
in the context of diabetes and biomedical research
as a whole.

The oral presentations were open to the general public, 
and faculty mentors also were encouraged to attend. Each 
12-minute presentation was followed by a session in which
other interns, faculty mentors, and members of the general
public inquired about the project. The ability to communi-
cate scientific research in a way that is accessible, engag-
ing, and informative to audiences of varying educational
and vocational scientific backgrounds is an extremely valu-
able skill. Interns were required to find a balance between
professional jargon and the need for accessibility of the
research to other interns and to people working outside of
the field of diabetes research.

Very satisfied Satisfied Neutral Dissatisfied Very dissatisfied

Overall experience 7 (64%) 4 (36%) 0 0 0

Lecture 5 (42%) 5 (42%) 2 (16%) 0 0

Research 6 (60%) 3 (30%) 0 1 (10%) 0

Mentor 7 (64%) 4 (36%) 0 0 0

Journal club 2 (18%) 6 (55%) 3 (27%) 0 0

Professional development 1 (9%) 5 (46%) 3 (27%) 2 (18%) 0

Shadowing 9 (82%) 2 (18%) 0 0 0

Presentation 6 (55%) 4 (36%) 1 (9%) 0 0

TABLE 5. Survey Responses from Interns at Conclusion of Internship

Institutional Approval of Human Subjects and Animal 
Studies
All research projects involving human subjects were 
approved by the university’s Institutional Review Board 
(IRB). Human tissues such as pancreatic islets were 
obtained after informed research consent. For animal stud-
ies, all procedures were approved by the Animal Care and 
Use Committee at the university. 

Results
Applicant and intern demographics (gender and race), as 
well as undergraduate year, are shown in Table 1. At the 
conclusion of the internship, a short survey was admin-
istered to the interns to evaluate the effectiveness of the 
program. The interns’ responses to the survey were anony-
mous and voluntary. Interns were free to decline to answer 
any question. All 11 interns completed the survey. 

The interns were asked to rate their experiences with the 
different aspects of the program on a scale ranging from 
“very satisfied” or “satisfied,” to “neutral,” to “dissatis-
fied” or “very dissatisfied.” For each question, interns 
could leave an optional comment elaborating upon their 
answer. 

The survey results were very positive in general. The 
interns indicated that they were “very satisfied” (major-
ity) or “satisfied” with their overall experience (see Table 
5). Many aspects of the program were highly successful, 
“success” being defined as a large proportion of students 
indicating that they were either “very satisfied” or “satis-
fied.” These successful aspects included the lectures, the 
research projects, and the interns’ overall lab experience, 
the interns’ experience with their research mentor, journal 
club, clinical shadowing, and the final presentation day 
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Assessment of Student Learning in Undergraduate Courses

respondents indicated involvement in research and seven 
in clinical activities. Of the respondents who reported par-
ticipation in research, two out of seven reported research 
specifically in diabetes. Of the respondents who indicated 
participation in clinical activities, two out of seven report-
ed activities related to diabetes as highlighted in Figure 3.

Discussion and Conclusion
The overall goal of the Summer Diabetes Research Intern-
ship was to provide undergraduates with the opportunity 
to work on a diabetes-focused research project in a sup-
portive and mentored environment. As shown in Table 
1, the program successfully enrolled students who were 
underrepresented in the sciences. Additionally, 90 percent 
of survey respondents indicated continued involvement in 
research or clinical activities, thus showing persistence in 
internship areas (Cooper et al. 2019). 

Given the focus on independence and mutually agreed 
setting of timelines by interns and faculty mentors, the 
completion of a research project within the 10-week 
time constraint was especially challenging. By the end of 
the internship, all students had successfully completed a 
research project and were able to articulate future direc-

(see Table 5). In addition, all interns said that they were 
either very likely or likely to pursue research and/or medi-
cine after the internship, with 63.6 percent stating “very 
likely” and 36.4 percent stating “likely.” 

The qualitative feedback was encouraging (see Table 6), 
since the aim of this program is to help facilitate, train, and 
engage interns so that they pursue a biomedical research 
and/or medicine-oriented career path. Indications of posi-
tive relationships between students and research mentors 
are also promising. Throughout the summer, the role of 
the mentor was emphasized to students as one of important 
guidance and encouragement. The mentor served as an 
adviser and a role model so that students could discover 
their own passion and skill in research. 

It is acknowledged that one survey question (regarding 
research experience) received a “dissatisfied” response. 
One survey question (research experience) had 10 respons-
es instead of the expected 11, indicating that this question 
was skipped. In total, eight comments were left on the 
survey regarding various aspects of the program, and the 
administrators followed up with them. Seven of these com-
ments were complimentary of the program aspects. One 
particular “dissatisfied” answer on the topic of the Profes-
sional Development Series is discussed in the Discussion 
and Conclusion section below. 

A follow-up survey conducted in 2019 assessed the impact 
of the internship on interns’ academic careers. The response 
rate was 10/11, or 91 percent. Response to the internship 
was overwhelmingly positive (see Figure 1), with 100 per-
cent of respondents describing the internship as “valuable,” 
“would recommend to a friend,” “made [me] more knowl-
edgeable about diabetes research/treatment,” and “influ-
enced long-term career plans.” In addition, 90 percent of 
respondents noted that the internship “sparked interest in 
diabetes research/treatment” and “played a major role in 
long-term career planning.” Interns were also asked about 
their future goals and academic interests. Ninety percent 
of respondents indicated strong interest in pursuit of MD, 
PhD, MD/PhD, or multiple degrees (see Figure 2). Of 
those respondents, 67 percent indicated interest in an MD 
degree, 56 percent in a PhD, and 44 percent in an MD/
PhD (percentages do not add to 100 percent due to some 
respondents indicating interest in multiple academic paths). 
Interns were additionally asked about their current research 
or clinically oriented involvements (see Figure 3). For the 
purposes of this survey, “clinically-oriented involvements” 
includes any student involvement with health care such 
as in clinical volunteering, shadowing, and working in a 
hospital. Nine out of the ten respondents indicated involve-
ment in research or clinical activities, with five respondents 
participating in both, two in research only, and two in 
clinical activities only. In other words, seven out of ten 

“in addition to helping me to plan my long-term career goals, this 
internship helped me immensely in developing a better under-
standing of [diabetes]. I am very grateful to have been granted 
this once-in-a-lifetime opportunity.”

“This internship really helped guide me in my search to deter-
mine what kind of career I wanted to pursue. It also helped give 
me invaluable insight while observing endocrine surgeries and 
clinical laboratory testing. My mentors were also amazing at 
facilitating the program by making sure everything went smooth-
ly in labs; and also helped to reinforce pursuing your passion. All 
in all[,] very fun and helpful; would definitely recommend.”

“10/10 Experience that I would highly recommend to anyone 
interested in clinical research or medicine.”

“Just a great experience overall. I learned more about everyday 
lives of doctors and about hospitals. I saw the process of clinical 
trials and how they go from grant to actual products for people. 
Just so many inspiring people I met that make me want to pursue 
my career as a doctor ever more. The presentation at the end 
taught to be more comfortable and confident in presenting my 
ideas and thoughts.”

“This internship gave me invaluable experience working in the 
diabetes realm and related labs that worked actively towards a 
cure for diabetes. Dr. Yong Wang was a great mentor and teacher 
and shared his wisdom of diabetes and determining future career 
paths. It really helped shape my passion to work towards a gradu-
ate degree. It was a very fun program and I highly recommend.”

TABLE 6. Qualitative, Open-Ended Survey Responses from Interns 
at Conclusion of Internship
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real-world perspective. As the survey results showed, the 
laboratory skills workshops and shadowing were hugely 
successful parts of the program, and many students stated 
throughout that they enjoyed these components.

The oral presentation was implemented to further develop 
interns’ scientific communication skills and serve as a 
motivating factor throughout the summer for successful 
completion of the research project. All interns were able 
to articulate to a diverse audience the details and context 
of their research, and a handful of interns received awards 
(with substantial input from outside faculty who had been 
previously uninvolved with the program) for clear and 
engaging communication. 

The journal club was intended to help students develop 
skills for reading, analyzing, and presenting scientific 
literature. This aspect of the program received more luke-
warm ratings in the survey compared to other components. 
Extensive discussion with the interns revealed that the low 
review score was mainly caused by selecting literature 
material that was too challenging for undergraduates to 
analyze independently, especially for those who entered 
the program without any research background (Nordell 
2009; Butler et al. 2008; Campion, Martins, and Wilhelm 
2009). Attention to literature selection as well as encour-
agement of interns to discuss the literature with graduate 
students and research scientists during preparation should 
assist participants. Faculty mentors also will be asked to 
participate actively in the guidance of the journal club. 

tions associated with their research interests. Although the 
vast majority of interns responded “very satisfied” or “sat-
isfied” to the survey question asking about their research 
project/lab experience, one intern gave a “dissatisfied” 
response. This student was interested in a “wet lab” experi-
ence; however, the mentor research only involved clinical 
data collection and analysis. In the future, a policy will be 
implemented that will offer interns more specific research 
possibilities before the program begins and one-to-one 
meetings for detailed discussion of each mentor’s research 
project and learning opportunities before interns make a 
final decision about their mentor candidates. 

Another goal of the internship program was to offer various 
program supplements that would provide holistic knowl-
edge to interns regarding the field of diabetes research 
and clinical care. Restriction of knowledge acquisition by 
students in the mentor’s field of research interest might nar-
row their focus to a specific aspect of diabetes. From the 
beginning of the internship, students were strongly encour-
aged to learn from a variety of faculty. The survey response 
to the lectures was positive overall, and many interns used 
the material they learned from the lectures in their final 
presentations as background and context for their projects. 

The laboratory skills workshops were another key compo-
nent of the program that were intended to provide a general 
overview of the methods available in the field to equip 
interns to understand research outside of their own project. 
Clinical shadowing was implemented to give students a 

FIGURE 1. Intern Responses from 2019 Follow-Up Survey about Their Opinions of the 2018 Program
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FIGURE 2. Intern Responses from 2019 Follow-Up Survey about Their Future Academic Interests

FIGURE 3. Intern Responses from 2019 Follow-Up Survey about Their Current Research and Clinical Involvements

Note: DM = Diabetes mellitus
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cent of mentors (1/25) identified as minorities, which is 
significantly lower than the university’s general diversity 
statistics of 38 percent female faculty and 12.7 percent 
identifying as underrepresented in the sciences (non-white 
or non-Asian; University of Virginia 2020). 

The student survey demonstrates that the Summer Diabe-
tes Research Internship has met its stated goal of training 
students in the field of diabetes research and treatment 
through challenging research projects. Elements of the 
program that were highly successful included the interns’ 
experience with their faculty mentors, the final oral pre-
sentation day, and the clinic shadowing experiences. In 
addition, most interns stated that they were “very satis-
fied” or “satisfied” with their research projects, the journal 
club presentations, and the faculty-led didactic lectures. 
The commitment of the faculty mentors, staff, and admin-
istrators, as well as proactive student participation, were 
highly valued and contributed significantly to the overall 
success of the program. In subsequent years, administra-
tion of a survey before and after the program would be 
advisable, so that the responses could be compared and 
any changes in intern interest in this field over the course 
of the summer could be investigated. In summary, the 
Summer Diabetes Research Internship offered a holistic 
undergraduate research experience in that it combined the 
experience of an individual student working in a faculty 
mentor’s lab with a group-based approach to learning. 
This approach to intern mentorship focused on achiev-
ing the goal of bringing a comprehensive and systematic 
approach to undergraduate research that could meet both 
individual and group needs. 
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The Professional Development Series was a series of 
seminars conducted by another internship program at the 
university that provided information on career develop-
ment skills such as resume writing and approaches to 
applications for graduate or medical school. The overall 
satisfaction was also lower when compared to the oth-
ers. After communication with the interns who regis-
tered “dissatisfied” scores, the conclusion was that the 
program did not provide interns with an opportunity for 
direct participation to connect individual contexts/needs 
to build understanding and did not provide opportunities 
for interns to learn skills and strategies by “trying them 
out.” Furthermore, the program series covered too many 
topics with a lack of connection between each component. 
Such information overload without coherence led to low 
satisfaction. Instead of a lecture-based approach, a group 
discussion format will be implemented, led by three men-
tors of different backgrounds (PhD, MD, and MD/PhD); 
this will create opportunities for interns to learn directly 
and actively in mentee-mentor and peer-peer interactions. 
It is hoped that such a format will be beneficial and will be 
able to be tailored to individual needs. 

To further increase the reach of this internship program, 
there are several major changes that will be made. First, 
the recruitment process will be modified so that more qual-
ified students will be encouraged to apply. Future public-
ity methods will include promoting on social media (e.g., 
Facebook), contacting relevant academic departments, and 
advertising through existing university programs focusing 
on minority and female students. Emphasis will be placed 
on publicity materials targeting first-year students, who 
may have less experience with applications than upper-
level students. 

The schedule also will be modified. During the first year 
of this program, many lectures and laboratory skills work-
shops were spread throughout the summer in an effort to 
achieve a balance between lab work and academic learn-
ing. However, lab work is often time-consuming and time 
sensitive. As a result, given the same number of hours 
that interns input into lab work, it is likely more effective 
for interns to spend longer consecutive periods of time 
in the lab, rather than have a mix of lab and lecture time 
throughout the day. For subsequent implementations of 
this internship program, the amount of content offered will 
be preserved but the schedule will be changed to better 
accommodate the need for research time. Lectures, journal 
club activities, and lab workshops will be more concen-
trated at the beginning of the summer, leaving more time 
for full days of lab work for the remainder of the summer. 

Finally, it is very important to identify more representa-
tive faculty mentors who can serve as role models for 
those of racial, ethnic, and/or gender groups traditionally 
underrepresented in biomedical research. In this program, 
only 20 percent of mentors (5/25) were female and 4 per-
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Abstract
The authors developed a novel tool, the CREDIT URE, 
to define and measure roles performed by undergradu-
ate students working in research placements. Derived 
from an open-source taxonomy for determining author-
ship credit, the CREDIT URE defines 14 possible roles, 
allowing students and their research mentors to rate the 
degree to which students participate in each role. The tool 
was administered longitudinally across three cohorts of 
undergraduate student-mentor pairs involved in a biomedi-
cal research training program for students from diverse 
backgrounds. Students engaged most frequently in roles 
involving data curation, investigation, and writing. Less 
frequently, students engaged in roles related to software 
development, supervision, and funding acquisition. Stu-
dents’ roles changed over time as they gained experience. 
Agreement between students and mentors about responsi-
bility for roles was high. 

Keywords: biomedicine, evaluation, mentorship, STEM, 
undergraduate research
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Undergraduate research experiences (UREs) are central to 
many training programs designed to prepare students for 
graduate school and future careers in research (Dyer-Barr 
2014; Tsui 2007). Previous research has identified a num-

ber of potential benefits to students participating in UREs. 
These benefits include gains in science interest, under-
standing, skills, confidence, persistence, and career prepa-
ration and higher rates of enrollment in postgraduate edu-
cation (Lopatto 2007; Russell, Hancock, and McCullough 
2007; Seymour et al. 2004). Studies provide evidence 
that UREs can have additional positive effects such as 
enhancing student retention and encouraging pursuit of 
graduate education in science, technology, engineering, 
and mathematics (Eagan et al. 2013; Gregerman et al. 
1998). Furthermore, the literature indicates that UREs 
can be particularly effective in improving educational 
outcomes for students traditionally underrepresented in 
STEM fields (Chang et al. 2014; Hurtado et al. 2009). 
The National Institutes of Health (NIH) defines under-
represented individuals as those from a racial or ethnic 
background traditionally underrepresented in the health-
related sciences (Blacks or African Americans, Hispanics 
or Latinos, American Indians and Alaska Natives, and 
Native Hawaiians and other Pacific Islanders); individu-
als with disabilities, defined as those with a physical or 
mental impairment that substantially limits one or more 
major life activities; and individuals from disadvantaged 
backgrounds. The latter designation is defined as those 
who meet two or more of the following criteria: were or 
are homeless; were or are in the foster care system; were 
eligible for the Federal Free and Reduced Lunch Program 
for two or more years; did not have parents or legal guard-
ians who completed a bachelor’s degree; were or currently 
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are eligible for Federal Pell Grants; received support from 
the Special Supplemental Nutrition Program for Women, 
Infants and Children (WIC) as a parent or child; or grew 
up in a rural area (NIH 2019). 

Students with low socioeconomic status (SES) back-
grounds have been shown to obtain bachelor’s and 
advanced degrees at significantly lower rates than students 
from middle and high SES groups (NCES 2015). Past 
studies have suggested that program effectiveness may be 
associated with the duration and intensity of UREs, with 
students developing a more sophisticated understanding 
of the research process when they have longer research 
experiences (Thiry et al. 2012).

Given the prevalence of undergraduate research programs 
and the varied disciplines and institutions that offer them, 
it is not surprising that these programs offer a wide variety 
of student activities and experiences. Yet research charac-
terizing these activities and their contributions to student 
development is limited (Linn et al. 2015). In general, UREs 
provide exposure to research environments, enabling stu-
dents to have an apprentice-like experience with hands-on 
learning and application of research skills. UREs have 
additional self-efficacy benefits, as students build self-
confidence in research settings (Feldman, Divoll, and 
Rogan-Klyve 2013). Students engaging in UREs typically 
receive research mentoring to assist with professional 
socialization and intellectual and skills development and 
to provide personal support for overcoming challenges and 
developing confidence (Thiry, Laursen, and Hunter 2011). 
UREs also may include formal lessons on research ethics 
and other relevant topics. Ideally, students in UREs partic-
ipate in multiple phases of the research process to promote 
an integrated understanding of science (Linn et al. 2015). 

Studies investigating UREs often employ measures such 
as the Survey of Undergraduate Research Experiences 
(SURE; Lopatto 2007) or the Undergraduate Research 
Student Self-Assessment (URSSA; Weston and Laursen 
2015). These self-report instruments focus on student 
perceptions of how much they are learning through their 
research experiences. This article proposes that another 
way of understanding and assessing student engagement 
in UREs is to consider the contributions made by students 
through their participation in conducting research. This 
approach derives from theories of experiential, situated 
learning that emphasize the importance of engaging in 
authentic tasks within a legitimate community of prac-
tice (Thiry, Laursen, and Hunter 2011). In this context, 
research teams can operate as learning communities in 
which new members are empowered with agency and 
responsibility, “which enables everyone to make contribu-
tions, even undergraduate students” (Feldman, Divoll, and 
Rogan-Klyve 2013). This perspective also acknowledges 

that the work of students in apprenticeship roles can add 
value to faculty research efforts and enhance scientific 
productivity (Shortlidge, Bangera, and Brownell 2015). 

To assess the contributions made by students during 
UREs, the authors adapted the Contributor Roles Tax-
onomy (CRediT), a tool that provides high-level clas-
sification of the diverse roles performed in work lead-
ing to published research output in the sciences. As an 
open-source taxonomy, the CRediT tool was designed to 
provide transparency regarding contributions to scholarly 
published work and to improve systems of attribution, 
credit, and accountability (Brand et al. 2015). The CRediT 
taxonomy consists of 14 roles, including conceptualiza-
tion, analysis, writing, and funding acquisition (see Table 
1). It is intended to enable documentation of contributions 
beyond generalizations such as “significant” and “legiti-
mate” (Smith and Williams-Jones 2012). Although the 
CRediT tool was originally conceived and designed with 
authorship roles in mind, it was hypothesized that this 
taxonomy could be extended and applied to measure the 
roles of students in UREs. Two parallel instruments were 
developed: one survey for students participating in UREs, 
and the other for their lab mentors or direct supervisors to 
complete. Each tool listed the 14 taxonomy components 
as question stems and gave a rating-scale response option 
ranging from 0 (no responsibility) to 3 (primary responsi-
bility). These measures were referred to as the CREDIT 
URE (undergraduate research experience). 

Assessing responsibilities of students in UREs shifts the 
focus to specific activities that can be verified by objec-
tive observations from others on the research team. This 
approach also mirrors the way the scholarship and produc-
tivity of researchers typically are evaluated. The CREDIT 
URE, which addresses multiple facets of the research 
enterprise, can assess not only level of responsibility but 
also changes in the range of responsibilities over time. 
Another advantage of focusing on specific research activi-
ties is that one can potentially investigate and assess learn-
ing processes in UREs by identifying activities that pro-
mote certain types of learning and development. Finally, 
because the CREDIT URE focuses on observable activi-
ties and permits parallel responses by student and men-
tor, it is less susceptible to reference bias (Mathews and 
Bradle 1983) and social desirability bias (Fisher and Katz 
2000) than are self-reported assessments of perceptions of 
research gains. 

This article reports on the use of the CREDIT URE for 
research and evaluation in the context of an NIH-funded 
research training program for undergraduates from back-
grounds traditionally underrepresented in the biomedical 
sciences. A core feature of the training is a long-term 
research placement to work on faculty-directed research 



 Fall 2020  |  Volume 4  |  Number 1 43

Honoré et al.

Role Definition

Conceptualization Ideas; formulation or evolution of overarching research goals and aims

Data curation 
Management activities to annotate (produce metadata), clean data, and maintain research data  
(including software code, where necessary for interpreting the data itself) for initial use and later reuse

Formal analysis 
Application of statistical, mathematical, computational, or other formal techniques to analyze or  
synthesize study data

Funding acquisition Acquisition of the financial support for the project leading to publication

Investigation
Conduct of a research and investigation process, specifically performing the experiments or  
data/evidence collection

Methodology Development or design of methodology; creation of models

Project administration Management and coordination responsibility for research activity planning and execution

Resources 
Provision of study materials, reagents, materials, patients, laboratory samples, animals, instrumentation,  
computing resources, and other analysis tools

Software 
Programming, software development; designing computer programs; implementation of the computer code and 
supporting algorithms; testing of existing code components

Supervision 
Oversight and leadership responsibility for the research activity planning and execution, including  
mentorship external to the core team

Validation
Verification, whether as a part of the activity or separately, of the overall replication/reproducibility of results/
experiments and other research outputs

Visualization 
Preparation, creation, and/or presentation of the published work, specifically visualization/data  
presentation

Writing—original draft 
Preparation, creation, and/or presentation of the published work, specifically writing the initial draft  
(including substantive translation)

Writing— reviewing 
and editing

Preparation, creation, and/or presentation of the published work by members of original research group, 
specifically critical review, commentary, or revision, including pre- and post-publication stages

Note: CRediT = Contributor Roles Taxonomy

TABLE 1. The Open-Source CRediT Taxonomy 

projects. To demonstrate the utility of assessing student 
contributions in these research settings using the CREDIT 
URE, the following research questions were addressed: 

• In which areas do students make contributions to their 
UREs?

• To what extent do students have responsibility for con-
tributions in those different areas?

• How do contributions reported by students compare to 
contributions reported by their mentors?

• Are there observable changes in the nature or degree of 
contributions over time? 

Method

Description
BUILD EXITO is one of 10 demonstration projects in the 
NIH-funded Building Infrastructure Leading to Diversity 
(BUILD) initiative to develop and test new approaches 
for diversifying the future biomedical workforce (Valan-
tine and Collins 2015). The Enhancing Cross-Institutional 

Training in Oregon (EXITO) initiative is a large, multi-
institutional collaboration that provides comprehensive 
support and training for undergraduates from traditionally 
underrepresented student populations who aspire to health-
related research careers (Richardson et al. 2017). These 
students receive funding through NIH training mechanisms 
and are thereafter referred to as student trainees. Key out-
comes for EXITO student trainees include persistence in 
preparation for a research career, graduation, matricula-
tion to and completion of graduate school, and eventual 
entrance into a biomedical research career. Other psycho-
social and research-related outcomes include developing 
a science identity, acquiring research skills, producing 
papers and presentations, and seeking grant funding. 

The program is referred to as BUILD EXITO to acknowl-
edge that it is part of the BUILD program and maintain its 
identity as a unique program with a design different than 
other BUILD programs. BUILD EXITO offers a com-
prehensive, developmentally sequenced training program 
featuring an integrated curriculum, research experiences, 
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multifaceted mentoring, and a supportive environment 
(Keller et al. 2017). Long-term placement in a research 
learning community (RLC) is a core component of the 
model. BUILD EXITO RLCs are established based on 
the willingness and capacity of the research lead (prin-
cipal investigator) to engage undergraduate students in 
meaningful research activities on faculty-directed projects. 
Placements begin in the summer prior to the student’s third 
year and continue for 18 months. BUILD EXITO student 
trainees are expected to work 10 hours per week during the 
academic year in the RLCs as compensated trainees, and 
they have an intensive research experience in their RLCs 
during the summer between their third and fourth years (30 
hours per week). RLC labs are paid by the grant to cover 
marginal expenses associated with supporting an addi-
tional research team member (e.g., staff time, equipment, 
supplies). BUILD EXITO student trainees are encouraged 
to remain in one placement throughout the RLC phase of 
their training with the idea that they will become increas-
ingly integrated into their RLCs; have opportunities to 
participate in multiple facets of the research process (i.e., 
study design, data collection, analysis, and reporting); and 
take ownership of their specific contributions. RLCs also 
provide student trainees with opportunities to participate 
in preparing proposals, writing manuscripts, and giving 
presentations and to join in other activities as they gain 
experience and can make greater contributions to the 
research. 

Setting
BUILD EXITO is a collaborative multi-institutional 
project led by Portland State University, a major pub-
lic urban university that prioritizes student access and 
opportunity, and Oregon Health & Science University, a 
research-intensive academic health center. The BUILD 
EXITO network includes nine additional partners, a mix 
of two-year and four-year institutions of higher education 
spanning Alaska, American Samoa, Guam, Hawaii, the 
Northern Mariana Islands, Oregon, and Washington. Stu-
dents entering BUILD EXITO from community college 
partners eventually transfer to Portland State University 
to continue the program, whereas students at four-year-
university partners complete the entire program at their 
home institutions. BUILD EXITO institutions hosting 
RLCs at the time of this study included Oregon Health 
and Science University (OHSU, research partner); Port-
land State University (PSU, primary institution); and 
the four-year EXITO partner universities: University of 
Alaska–Anchorage (UAA), University of Guam (UG), 
and University of Hawai’i at Mānoa (UHM). EXITO RLC 
placements are organized according to four broad domains 
representing a range of biomedical disciplines: biological 
sciences, clinical sciences, community health and social 
sciences, and chemistry/physics/engineering/environmen-
tal science. These categories are aggregated from a list of 
majors targeted by the BUILD program. 

Sample
BUILD EXITO admitted its first cohort of student trainees 
in 2015, subsequently adding cohorts in 2016, 2017, and 
2018 (n = 361). Student trainees in the first three BUILD 
EXITO cohorts were asked to complete the CREDIT URE 
as part of this study (n = 265). Respondents reflected the 
diverse populations targeted by the initiative: 67 percent 
were female, 60 percent were first-generation undergradu-
ate students, 53 percent came from a disadvantaged back-
ground, 71 percent received need-based financial aid, and 
38 percent were underrepresented minorities. At the time 
of the most recent CREDIT URE administration, 132 stu-
dent trainees had been placed in 83 unique RLCs. These 
students reported spending, on average, 253 hours in their 
labs over the course of an academic year. In addition to lab 
hours, student trainees reported spending, on average, 63 
hours meeting directly with their research mentors. 

Instrument Testing
In the process of developing and refining the CREDIT 
URE instrument, a draft of the instrument text was sent to 
seven faculty members for review and comment. Review-
ers were OHSU and PSU lab supervisors, unconnected to 
BUILD EXITO, who represented a variety of disciplines 
and had undergraduate students working in their labs. 
The draft included definitions for each level of the tax-
onomy, and reviewers were asked to make any edits to the 
definitions that would make them more comprehensible to 
undergraduates. Faculty research mentors provided high 
ratings for both face and content validity. Minor revisions 
were made based on this feedback, including shifting from 
a binary response option (did/did not have responsibil-
ity) to a scaled response (0 = no responsibility; 1 = little 
responsibility; 2 = moderate responsibility; 3 = primary 
responsibility). 

Instrument Administration
The CREDIT URE assessment was piloted in spring 2016, 
after the first cohort of BUILD EXITO RLC student train-
ees had been in their placements for approximately six 
months. The survey was emailed to 16 student-mentor pairs 
via a secure method of survey administration (see Table 
2). Three mentors had more than one mentee, resulting 
in 16 students and 13 faculty receiving individual survey 
links. A total of 14 student trainee responses and 15 mentor 
responses was received, yielding an overall response rate of 
90.6 percent. There were 13 paired sets of mentor-mentee 
responses (81.3 percent of the potential paired-response 
sets).

The second administration of the CREDIT URE assess-
ment took place in spring 2017, after the first cohort of 
BUILD EXITO RLC students had been in their placements 
for approximately 1.5 years and the second cohort of RLC 

Using the CREDIT Taxonomy
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required BUILD EXITO student trainee workshops. At 
two sites, paper surveys were administered to supplement 
the online links. Data were collected, entered, and stored 
in compliance with the BUILD EXITO IRB-approved 
protocol. No incentives were offered for survey comple-
tion; however, students were encouraged to complete all 
instruments as part of their participation in the program. 
The demographics of respondents were not significantly 
different from the BUILD EXITO cohorts as a whole.

Analysis
The analyses were designed to answer the four research 
questions presented above. First, for each given role, the 
percentage of student trainees with any responsibility for 
that role was determined, with corresponding percentages 
based on student self-report and mentor report. Second, 
for respondents indicating any participation in a particular 
role (score higher than 0), the mean level of responsibility 
in that role was computed, again reflecting both student 
self-report and mentor report. The preceding analyses 
aggregated all responses higher than 0 across the three 
administrations. Third, using only the matching student-
mentor response pairs from the third administration, the 
corresponding means for level of responsibility in each 
role as reported by students and by mentors were comput-
ed, as were percent agreement and kappa scores to assess 
degree of concordance. Finally, for the two cohorts of 

students had been in placements for approximately six 
months. For this second administration, the survey was 
emailed to 65 student-mentor pairs. Eleven mentors had 
more than one student, resulting in 65 students and 51 fac-
ulty receiving individual survey links. A total of 47 student 
trainee responses and 51 mentor responses was received 
(although not all mentors responded, 12 mentors responded 
for multiple mentees), resulting in an overall response rate 
of 75.4 percent, with 38 mentor-mentee completed paired 
responses (58.5 percent of total potential paired sets). 

The third administration of the CREDIT URE assess-
ment took place in spring 2018, after the second cohort 
of BUILD EXITO RLC student trainees had been in their 
placements for approximately 1.5 years and the third 
cohort had been in their placements for approximately six 
months (the first cohort graduated in spring 2017). The sur-
vey was emailed to 132 student-mentor pairs. Thirty men-
tors had more than one student, resulting in 132 students 
and 83 faculty receiving individual survey links. A total of 
95 student trainee responses and 87 faculty responses was 
received, resulting in an overall response rate of 71.6 per-
cent, with 67 mentor-mentee completed paired responses 
(50.8 percent of potential paired sets). 

Response Rates
Response rates were maximized through group and indi-
vidual email reminders as well as in-person reminders at 

Respondents
/sample

Pilot administration
(cohort 1) 

Second 
administration

(cohorts 1 and 2)

Third
administration

(cohorts 2 and 3)

Pilot and second 
administration 

(cohort 1: within 
subjects, pretest/

posttest)

Second and third 
administration (cohort 

2: within subjects, 
pretest/posttest)

completed survey/total n sent (response rate)

Mentorsa 15/16
(91.7%)

51/65 
(78.5%)

87/132  
(66.0%)

NAb 15/22 
(68.2%)

Students 
14/16

(87.5%)
47/65 

(72.3%)
95/132  
(72.0%)

9/14 
(64.3%)

24/37 
(64.9%)

Cohort 1
14/16

(87.5%)
10/14 

(71.4%)
–

9/14 
(64.3%)

–

Cohort 2 –
37/51 

(72.5%)
32/43  

(74.4%)
–

24/37 
(64.9%)

Cohort 3 – –
63/89  

(70.8%)
– –

Student pretest/
posttest responses

– –
24/37  

(64.9%)
– –

Student-mentor paired 
responses

13/16
(81.3%)

38/65 
(58.5%)

67/132  
(50.8%)

– –

aTotal number of mentor surveys distributed; some mentors had more than one student mentee.
bDue to a high degree of RLC turnover in cohort 1, mentor/mentee pretest/posttest response rates were not calculated.

TABLE 2. CREDIT URE Response Rate: Pilot, Second, and Third Administrations

Honoré et al.
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students assessed over time, the initial and final means for 
each role were compared. Means testing was done to assess 
the significance at p < 0.05 for any differences between 
student-mentor pairs and between initial and final admin-
istrations. All analyses were conducted using R statistical 
software, version 3.5, 2019. 

Results

In which areas and to what extent do students make 
contributions to their RLCs? 

To address research questions 1 and 2, contribution per-
centages for the three administrations were calculated (see 
Table 3). These results included all responses. Students and 
mentors most frequently reported students contributing to 
data curation, with close to 90 percent of responses indicat-
ing at least some involvement in that activity (see Table 3). 
Other roles endorsed at high rates (over 80 percent) by both 
students and mentors included investigation, formal analy-
sis, visualization, and conceptualization. Other commonly 
reported roles, ranging between 60 and 75 percent of stu-
dent and mentor respondents, included validation, project 
administration, methodology, and writing and review-
ing/editing. The least common roles involved resources, 
software, supervision, and funding acquisition, although 
sizable percentages of students (approximately 25 to 50 
percent) did engage in these activities. 

Mean scores across all three administrations for student 
trainees and their mentors reporting at least some level of 
involvement in a role (students assigned a score greater 
than 0) also were computed. For example, for the 87.1 per-
cent of students reporting involvement in investigation, the 
mean score was 2.3. On this scale of 1 (little responsibility) 
to 3 (primary responsibility), the roles receiving the high-
est average ratings from both students and mentors were 
investigation and data curation (means: 2.1–2.3). These 
higher ratings indicated not only that these were common 
roles but also roles for which student trainees had substan-
tial responsibility (albeit “moderate” rather than “primary” 
responsibility). Other roles for which student trainees had 
considerable responsibility, with both student and mentor 
mean ratings at 1.9, included formal analysis and visual-
ization. For roles with lower percentages of participating 
students, such as software, supervision, and funding acqui-
sition, mentees and their mentors still reported notable 
responsibility, as indicated by student trainee and mentor 
means above 1.5. 

How do contributions reported by students and by their 
mentors compare? 

As shown in Table 3, the mean levels of engagement in 
the various research roles reported by student trainees and 
their mentors were generally aligned. Because the values 
reported in Table 3 were aggregated over all respondents, 
they did not provide a strong indicator of the agree-

Students Mentors

% reporting any 
involvement

Mean level of  
responsibility SD N % reporting any 

involvement
Mean level of  
responsibility SD N

Investigation 87.1 2.3 0.7 135 86.4 2.3 0.7 127

Data curation 89.4 2.3 0.8 135 87.7 2.1 0.7 128

Formal analysis 81.2 1.9 0.7 125 81.8 1.9 0.7 121

Visualization 80.8 1.9 0.8 122 84.9 1.9 0.7 124

Conceptualization 87.6 1.7 0.6 134 83.1 1.6 0.7 123

Writing—original 
draft

71.1 1.8 0.8 106 69.4 1.9 0.7 102

Validation 74.0 1.7 0.7 111 70.9 1.8 0.8 105

Methodology 72.4 1.7 0.7 110 71.9 1.7 0.8 105

Writing—reviewing 
and editing

69.5 1.8 0.7 105 66.7 1.8 0.7 98

Project administration 73.4 1.8 0.7 113 61.6 1.8 0.7 90

Resources 57.7 1.7 0.8 86 50.7 1.6 0.7 75

Software 44.5 1.7 0.7 69 32.9 1.7 0.7 48

Supervision 45.8 1.6 0.7 70 38.4 1.6 0.7 56

Funding acquisition 29.3 1.6 0.7 44 24.2 1.7 0.8 36

TABLE 3. Student and Mentor CREDIT URE Means for All Respondents Reporting Any Involvement

Using the CREDIT Taxonomy
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ment between mentees and mentors within mentoring 
pairs. Figure 1 compares the ratings for the 67 matched 
student-mentor pairs completing the third administration 
of the CREDIT URE. This analysis included students from 
cohorts 2 and 3, and means were calculated using the full 
scale of no responsibility (0) to primary responsibility (3). 
The mean differences between mentees and their mentors 
illustrated where those groups had different impressions of 
students’ levels of responsibility for certain tasks. Using the 
Wilcoxon rank-sum test, there were no roles in which dif-
ferences between mentor and mentee responses were statis-
tically significant (p < 0.05). Only two roles, validation and  
writing–original draft, had mean differences greater than 
0.1. In both cases, students rated themselves slightly lower 
than the ratings of their mentors. Inter-rater reliability was 
an additional indicator of agreement. Percent agreements 
were calculated for each role, selecting this measure for 
ease of interpretability and appropriateness for the sample 
(well trained on the instrument; McHugh 2012). Weighted 
percent agreements ranged from 77.4 percent (funding 
acquisition) to 65.1 percent (validation).

FIGURE 1. Mean Response by Role: Mentor and Scholar Means 

Do student contributions change in type or degree over 
time? 

Table 4 shows the initial and final means and standard 
deviations by role for the 33 student trainees who com-
pleted both administrations. Due to the small sample of 
mentors and the number of student RLC transfers in cohort 
1, analyses for mentor responses in matched pairs for this 
cohort were not performed. Means presented in Table 4 use 
the full scale, with response options ranging from 0 to 3. 
As shown in Table 4, the overall mean across all roles 
increased significantly from 1.2 early in the placement to 
1.5 later in the placement. Some level of increase in respon-
sibility was observed for 12 of the 14 roles. Paired-sample 
t-tests were calculated for each role. The difference over 
time was statistically significant at p < 0.05 for resources 
(0.7 increase), formal analysis (0.6 increase), software (0.4 
increase), and supervision (0.4 increase). The two roles that 
showed slight declines were data curation and validation, 
but these changes were not statistically significant.

*Denotes Mentor and Scholar means overlap when rounded to the 10th decimal point

Honoré et al.
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Discussion

The initial use of the CREDIT URE provides preliminary 
evidence regarding the utility of this measure for assessing 
contributions to research made by undergraduate trainees 
in long-term research placements. First, the study demon-
strated the feasibility of administering the CREDIT URE 
via online survey, with overall response rates averaging 73 
percent for both student trainees and their research men-
tors, despite some variability across time points. Second, 
the instrument yielded meaningful distinctions between the 
different research roles as related to student participation 
and extent of student responsibility, as discussed further 
below. Third, the level of agreement between students and 
mentors on role engagement was good in the aggregate 
and very high in direct comparisons of pairs responding to 
the same case. Given the degree of corroboration provided 
by more experienced and objective research mentors, the 
credibility of student-reported data appears strong. Fourth, 
the CREDIT URE was sensitive enough to detect increas-
es in student responsibility over time. Finally, analysis of 
data generated with the CREDIT URE suggests that the 

Role Within subject means

Time 1
Spring RLC placement Year 1

Time 2
Spring RLC placement Year 2

Difference  
of means N

Mean (SD) Mean (SD)

Investigation 2.12 (0.99) 2.18 (0.81) 0.06 33

Data curation 2.03 (1.15) 1.97 (0.98) -0.06 29

Formal analysis 1.36 (1.03) 1.91 (0.88) 0.55a 33

Visualization 1.52 (1.12) 1.88 (0.78) 0.36 33

Conceptualization 1.52 (0.83) 1.64 (0.60) 0.12 33

Writing—original draft 1.25 (1.05) 1.66 (1.07) 0.41 32

Validation 1.34 (1.08) 1.31 (0.81) -0.03 29

Methodology 1.24 (0.94) 1.39 (0.93) 0.15 33

Writing—review and edit 1.16 (0.88) 1.38 (1.10) 0.22 32

Project administration 1.16 (0.99) 1.59 (0.84) 0.43 32

Resources 0.65 (0.88) 1.35 (0.98) 0.70a 31

Software 0.48 (0.48) 0.91 (1.04) 0.43a 33

Supervision 0.52 (0.52) 0.90 (0.91) 0.38a 31

Funding acquisition 0.39 (0.70) 0.58 (0.94) 0.19 33

All roles 1.19 (1.07) 1.47 (1.00) 0.28a

Note: N = 33
aStatistically significant at p < 0.05.

TABLE 4. Pretest and Posttest Means, Student Trainees, Differences within Subjects 

instrument can be employed for research and evaluation 
purposes, with implications for developing and improving 
research training programs. 

The current study provides valuable insights regarding 
the nature and extent of undergraduate student research 
experiences in RLC placements. All roles represented on 
the CREDIT URE are considered important to the overall 
process of conducting and reporting research. Findings 
indicate that students in long-term RLC placements are 
gaining broad exposure to a variety of research activities. 
However, findings also suggest variability in the roles of 
students corresponding to their general levels of training 
and experience. For example, both student trainees and 
their mentors rated data curation and investigation as the 
most common roles and those with the highest level of 
student responsibility. Data curation includes data clean-
ing, maintenance, and management. Investigation includes 
performing experiments, including data collection. These 
particular roles may involve repetitive work guided by 
structured procedures and protocols. Thus, mentors can 
provide clear instruction and training, and the students can 
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data, or compiling appendices, they may not have a high 
level of responsibility for the ultimate grant submission. 

One of the most important findings of the study concerns 
the anticipated increases in student trainee responsibilities 
during the one year between the two survey administra-
tions. Consistent with other research showing that students 
develop a greater understanding of the research process 
with longer placement times (Thiry et al. 2012), results 
indicate that students increased their responsibilities as 
they gained exposure and experience. A statistically sig-
nificant gain in responsibility was observed across the 
two timepoints when all the roles were averaged. Students 
reported gains in responsibility, from early in their place-
ments to later in their placements, for 12 of the 14 roles. 
Of note, several of the largest and statistically significant 
increases were observed in roles that initially had lower 
levels of engagement, such as resources, software, and 
supervision. Another statistically significant increase was 
in the role of formal analysis, and there were notable gains 
in some other areas that may encourage more active men-
toring (e.g., visualization, writing, project administration). 
Not surprisingly, the most highly rated roles, investigation 
and data curation, had minimal change over time. This 
pattern of results may reflect the natural progression of 
activities in the research placement, as suggested above. 
For example, students may start with the routine roles 
of investigation and data curation, improve in areas that 
involve more coaching and mentoring such as formal 
analysis, and ultimately assume greater responsibility for 
supervising others and managing lab resources. 

Another factor that may explain the changes in ratings 
over time is that students may develop a better sense of the 
respective roles. For example, although mentor and men-
tee ratings were remarkably congruent, the few observed 
differences were consistent with other work compar-
ing student and mentor ratings within the URE setting 
(Cox and Andriot 2009). When asked informally, BUILD 
EXITO RLC mentors theorized that score differences 
between mentors and students could be partially attributed 
to the fact that mentors are likely to have a higher level 
of familiarity with the roles. To address this, the CREDIT 
URE could be introduced early in the placement and men-
toring relationship so students have time to think more 
about their roles prior to CREDIT URE administration. 

Limitations
Limitations of this work included the sample size, student 
lab transitions between data collection points, and student 
level of understanding of lab role definitions. The study 
had a relatively small sample size, particularly for the pilot 
administration sample. As the BUILD EXITO program 
continues, larger sample sizes will be obtained, providing 
greater confidence in results. In future work administering 

develop the relevant skills through practice, after which 
they can assume relatively high levels of responsibility. 

A large number of roles was rated highly on participation 
but in the midrange regarding level of responsibility. This 
pattern may reflect activities in which students are receiv-
ing training with more active engagement and oversight 
by the research mentor. In other words, the student may 
have a part in the process, but the mentor still takes the 
lead and manages the process. These roles may represent 
the most common and productive domains for mentor-
ing and learning. The nature of these roles suggests the 
possibility of this transfer of knowledge and experience 
through joint activity: conceptualization, formal analysis, 
visualization, validation, methodology, project adminis-
tration, writing, etc. Of particular relevance and focus 
for the BUILD EXITO program is the level of student 
trainee engagement reported for writing, reviewing, and 
editing manuscripts. The program attempts to address the 
relatively low level of undergraduate and graduate student 
engagement in research dissemination through academic 
manuscripts (Garbati and Samuels 2013). Publications are 
a key research productivity metric across all phases of a 
research career. As a criterion for admission to graduate 
programs, publications may be of particular importance for 
underrepresented minorities (Keith-Spiegel, Tabachnick, 
and Spiegel 1994). A possible barrier to engaging students 
in writing manuscripts is that it is time intensive for men-
tors. Furthermore, the timing of a student’s placement may 
not align with the time frame of a publication. 

The research roles with the consistently lowest responsibil-
ity ratings include supervision, funding acquisition, and 
software (i.e., programming and software development). 
Undergraduate students are usually the least experienced 
and lowest ranking members of a research lab, so it is not 
surprising that they are not engaging in supervision of 
other lab members. As students gain more experience, they 
will be able to take on more responsibility for this role, 
perhaps becoming peer mentors or engaging with new stu-
dents entering the same placement. Indeed, student trainees 
indicated increased responsibilities for this role over time. 
Some labs may have summer “shadow” opportunities for 
high school students, and undergraduates could be given 
responsibility for supervision of simple tasks with those 
students. It also is not surprising that tasks involving fund-
ing acquisition received low ratings. Funding acquisition is 
often the responsibility of the lab’s principal investigator 
and involves a high level of expertise. In about one quarter 
of EXITO RLCs, the student’s mentor is not the principal 
investigator but is a postdoctoral student or another team 
member who does not have direct responsibility for fund-
ing acquisition. Thus, students may have limited exposure 
to the process of identifying funding sources and writing 
grants. Even if students are engaged in such an effort by 
virtue of conducting a literature review, generating pilot 
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the CREDIT URE, other incentives to increase response 
rates will be considered, although the study’s response rates 
were moderate to good. Preliminary analyses suggested 
that there were minimal demographic differences between 
responders and nonresponders. Second, approximately half 
of all cohort 1 students switched lab placements between 
the two pretest/posttest time points. This reflected the 
program implementation period, and the pattern was not 
observed in latter cohorts. This limited the conclusions that 
could be drawn from cohort 1 analyses, as students might 
have engaged in different sets of activities across different 
labs. Finally, increases in mean scores across years could 
be due to an increased understanding of role definitions by 
students, and future work should consider examining the 
possible role of this increased understanding in mean score 
changes. 

Conclusion 
Analyses indicate that this novel survey tool, the CREDIT 
URE, is appropriate for both formative and summative 
measurement. Unlike measures that rely on self-report 
of research skills, the CREDIT URE measures the actual 
degree of student participation in a continuum of tasks con-
sidered essential to the research process. Same-construct 
ratings from students’ mentors provide a check to self-
report biases, and administration at multiple time points 
allows students, mentors, and program staff to see student 
growth. Introduction to the CREDIT taxonomy provides 
an opportunity for students to learn about the breadth of 
research roles and provides an opportunity for mentors 
to assess the extent of tasks assigned to their students 
and realign task assignment if necessary. In addition, the 
CREDIT URE has potential for use with students at multi-
ple levels of career development, including undergraduate, 
graduate, and postdoctorate. 

Next steps for this work include administrations of the 
CREDIT URE to additional cohorts of BUILD EXITO 
students. Larger samples will allow for subgroup analyses 
and comparisons, such as comparing students who transfer 
between RLCs versus those who stay in the same RLC for 
the full 18 months. Future work also will take into account 
demographic variables such as gender. Other variables 
such as prior research experience will be assessed and 
integrated into analyses, building on previous work that 
examines outcomes for novice and experienced under-
graduate researchers (Thiry et al. 2012). An attempt will be 
made to determine the predictive validity of the CREDIT 
URE by examining BUILD EXITO student outcomes, 
including application and matriculation to graduate school. 
Evaluation of BUILD EXITO RLCs will be expanded to 
include qualitative evaluation, using the CREDIT URE as 
part of a mixed-methods approach, with student trainees 
and mentors providing examples of tasks for each level of 
the taxonomy. 
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Abstract
The STEM Undergraduate Summer Research Experience 
(SURE) Program provides a holistic approach to under-
graduate summer student research to increase student suc-
cess at Texas State University (TXST), a Hispanic-serving 
institution. Regarding the 2017–2019 cohorts (composed 
of 62 undergraduate students), 97 percent persisted after 
the summer program. After the SURE Program, overall 
and STEM GPAs were higher in the 2017–2019 cohorts 
as compared to the control group. SURE students pre-
sented 56 posters at national conferences and are sec-
ond authors in 18 peer-reviewed publications. Fifty-two 
percent have graduated with their bachelor’s degree, 39 
percent are attending graduate or professional programs, 
and 55 percent of the graduates who are working are in 
STEM-related fields.

Keywords: Hispanic-serving institution, STEM, student 
outcomes, undergraduate research program, underrepre-
sented students
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Authentic research experiences are used as strategies to 
increase the number of underrepresented students persist-
ing in their major and graduating with degrees in sci-
ence (Hurtado et al. 2009). Furthermore, underrepresented 
students who had undergraduate research experiences 
tend to pursue graduate degrees in the sciences (Russell, 
Hancock, and McCullough 2007; Hurtado et al. 2010). 
Several empirical science education projects have reported 
gains associated with the participation of undergraduate 

students in research experiences (Seymour et al. 2004; 
Lopatto 2007; Russell, Hancock, and McCullough 2007; 
Villarejo et al. 2008; Junge et al. 2010; Pita et al. 2013). 
Skill gains in the research process, specific laboratory, and 
oral communication, as well as gains in self-efficacy, have 
been reported (Adedokun et al. 2013; Salto et al. 2014). 
Villarejo and colleagues (2008) reported gains in students 
who participated in undergraduate research experiences 
at the end of their first and second academic year in col-
lege. Moreover, 67 percent of those students reported that 
participation in undergraduate research experiences con-
tributed a great deal to their decision to pursue PhDs in 
biomedical sciences. 

The SURE Program
The STEM Undergraduate Summer Research Experience 
(SURE) at TXST offers STEM undergraduate students the 
opportunity to participate in a 10-week, mentored summer 
program. Faculty from the College of Science and Engi-
neering (COSE) serve as research mentors. An abbreviated 
selection of research interests of SURE STEM mentors at 
TXST is shown (see Table 1).

The SURE Program has implemented the Chickering and 
Gamson (1987) principles for good undergraduate educa-
tion. Meaningful relationships between faculty and stu-
dents are a hallmark of the SURE Program and skill devel-
opment seminars. Cooperation among students is shown in 
the feedback given by the students to one another during 
seminars and at the end of the program. Program staff 
and faculty mentors utilized active learning techniques in 
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the ethics training. For example, case studies and group 
discussions are used to expose students to responsible con-
duct in research. SURE mentors and program staff have 
high expectations of the student participants. 

The SURE Program provides a holistic approach to under-
graduate summer student research with the goal of increas-
ing student success at TXST, a Hispanic-serving institu-
tion (HSI; see Figure 1). Student success is measured 
by increased overall GPA, increased STEM GPA, high 
graduation rates, and either enrollment in STEM gradu-
ate programs or employment in a STEM-related job after 
graduation. HSIs tend to have a high attrition rate that is 
related to a large number of students who are first-gener-
ation college students or come from low socioeconomic 
backgrounds (Crisp, Amaury, and Taggart 2009). The 
SURE Program was developed to benefit students who 
have difficulty in remaining in college because of issues 
involving their first-generation status or finances.

The SURE Program has attributes that are not present 
in many summer undergraduate research programs (see 
Table 2). The SURE Program contains eight components. 

1. Outreach to the STEM faculty and students is done 
to recruit potential SURE participants. The Lightning 
Rounds networking activity in the fall semester is an 
example. Targeted students have some characteristics 
in common: first-generation status, eligible for financial 
aid, and ethnic or gender underrepresentation in the 
specific STEM field. For example, females are under-
represented in chemistry, computer science, engineer-
ing, mathematics, and physics. Recruitment efforts seek 
to ensure that female students are recruited in those 
STEM areas. 

2. Student selection is done by a two-tier evaluation of 
applications, including ranking by the advisory board. 

3. All mentors receive mentor and cultural competency 
training. Both training programs are delivered by TXST 

Discipline Research interests

Biology Behavioral endocrinology

Biology Host-associated microbiomes

Biology Cell signaling and motility, dark-adaptive processes

Biology Link between olfaction and immune responses

Biology Zoonotic diseases, Hantavirus ecology 

Biology Remote sensing of aquatic and riparian corridors, aquatic ecosystem dynamics

Biology Threatened and endangered fish ecology 

Chemistry and biochemistry Nanomaterials, energy storage 

Chemistry and biochemistry Electroactive polymers in energy storage, sensors, and static dissipation

Chemistry and biochemistry DNA repair in aging 

Chemistry and biochemistry The role of micro RNAs in regulating neuroblastoma cell differentiation 

Chemistry and biochemistry Protein kinases as drug targets 

Chemistry and biochemistry Evaluation of the particle functionality on cultured human cells

Engineering New metal casting technology (3D printing)

Engineering Atmospheric physics and plasmas

Engineering Disaster response and emergency management, data science

Engineering Automation in farming, renewable energy 

Mathematics Topology of manifolds and homology 

Physics Molecular doping, high-resolution structuring of organic semiconductors

Physics Multi-wavelength astronomy, high-energy astrophysics, computational astrophysics

TABLE 1. An Abbreviated Selection of SURE Mentor Research Interests
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The SURE Program at Texas State University

faculty who were trained by the National Research Men-
toring Network (NRMN). The facilitators use materials 
and assessment instruments provided by NRMN. Cul-
tural competency training includes sessions on stereotype 
threats, cultural identity, equity and inclusion, multiple 
strategies that benefit mentor-mentee interactions, and 
professional and ethical considerations for interactions 
with mentees of different cultural backgrounds. 

4. Professional development (P.D.) seminars are required 
for all SURE student participants. The program staff uses 
the recommended skills development training developed 
by NRMN. Eight 2-hour weekly seminars focus on three 
areas: community building, communication skills, and 
planning for career/professional development. In addi-
tion, responsible conduct in research training was provid-
ed. Community building is facilitated through structured 
opportunities each week for students to share progress on 
(or frustrations with) their research projects and includes 
a light meal for social time with no structured activity. 
Communication skills training depends on the intended 
audience (academic audience or general public) and meth-
od of delivery (oral or poster presentation). An emphasis 
that began in orientation on the ability to communicate 
science to the general public is reinforced through the 
weekly seminars. Mentees complete individual develop-
ment plans with the help of their mentors before the end of 
the program. A number of training materials under devel-
opment by the NRMN are used in both orientation and 
the weekly seminars, and students participate in surveys 
evaluating these materials.

5. Technical skills development occurs during the 10-week 
mentored research project.

6. All students present a poster at the culminating sympo-
sium. 

7. Students presenting at national conferences receive 
travel scholarships. 

8. The program is evaluated each year, and the annual report 
is discussed with the advisory board. These discussions 
inform improvements implemented subsequently.

Methods

Data-Sampling Procedures
This study obtained approval (2017819) from the TXST 
Institutional Review Board Committee. Data from three 
student cohorts (62 students) from the 2017, 2018, and 
2019 summer programs were used in this study. Data 
were analyzed to determine statistical significance using 
unpaired t-tests. Demographic data were collected during 
the application process. 

Surveys
Presurveys and postsurveys were given to faculty men-
tors and student participants. Mentors and students were 
asked about who mentored the SURE student and the 
type of mentoring received. Students were also asked two 
questions from the Science Identity Instrument of Estrada 
and colleagues (2011). The pre-assessment surveys were 
completed on June 7 (2017 cohort), June 8 (2018 cohort), 
and June 7 (2019 cohort). Post-assessment surveys were 
completed on August 9 (2017 cohort), August 3 (2018 
cohort), and August 7 (2019 cohort). The response rate for 
student surveys was 79 percent in 2017, 54 percent in 2018, 
and 100 percent in 2019. The mentor survey response rate 
was 91 percent in 2017, 50 percent in 2018, and 71 percent 
in 2019. Survey data were triangulated with responses 
obtained during the focus groups of mentors and students.

Mentor Training Programs
Article coauthor Julio G. Soto provided mentor training in 
2017. In 2018, mentor and cultural competency training 
programs were provided and assessed by NRMN. In 2019, 
two TXST faculty who were trained by NRMN provided 
both training programs. Throughout the summer, men-
tors attended five 2-hour training sessions. Three of these 
were for mentors who had not previously participated in 
the SURE Program and its mentor training activities, and 
two of these were for all mentors. The mentoring training 
reflected the research mentor training curriculum devel-
oped by NRMN. In addition, the Entering Mentoring book 
(Pfund, Branchaw, and Handelsman 2015) was utilized.

Research Skills Evaluation
Research mentors evaluated 15 research skills for each 
mentee: independence, writing ability, presentation skills, 
achievement of established goals, ability to troubleshoot 
technical problems, self-motivation, organization, lab 
meeting attendance and participation, ability to work well 

FIGURE 1. The SURE Program at Texas State University
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with others, maturity, ability to multitask, technical ability, 
ability to follow directions, overall work ethic, and prog-
ress of his/her project. There were four possible answers 
to the students’ skills survey: could not rate (0), did not 
meet expectations (1), met expectations (2), and exceeded 
expectations (3). The evaluation rubric was shared and 
discussed with the research mentors during the spring 
semester, prior to the SURE summer program, to ensure 
consistency. In addition, a detailed explanation of the four 
rating categories was emailed to the mentors prior to the 
summer program.

Poster Presentation Skills Evaluation
Poster presentation skills were evaluated at the culminat-
ing student symposium. Peer students (2018) or research 
mentors (2018–2019) evaluated SURE student posters. 
However, for this analysis, only research mentor evalua-
tions (2018) were used. The SURE Advisory Board asked 
for faculty volunteers from each participating discipline, 
with numbers of judges representing each discipline pro-
portional to the disciplines of the student participants. The 
judges assisted in the development of the judging rubric. 
The SURE Advisory Board provided training to judges 
on using the rubric as well as using electronic devices to 
evaluate the posters. Posters were scored by appeal, edit-
ing, content, methods, data analysis, and accuracy. 

GPA Analyses
Comparisons of overall university and STEM GPA before 
the SURE summer program began (spring semester) and 
at least one year after SURE were performed. Only one 
control group was used. A COSE control group (n = 20) 
of non-SURE participants with the same demographic 
distribution (gender, first generation, ethnicity, academic 
standing, STEM majors, eligibility for financial aid) as the 

SURE students was used. Overall university and STEM 
GPAs were obtained from historical transcript records of 
the control group for two time points: the spring 2017 
semester (before the 2017 SURE Program) and the spring 
2018 (a year after the 2017 SURE Program). The control 
group did not receive surveys, as the only information 
that was used for comparison were the STEM and overall 
university GPA. Academic transcripts were used to collect 
GPA data from both the SURE participants and the control 
group. The only variables analyzed were participation in 
the SURE Program and its effects on GPA. 

Methods of Tracking SURE Students
SURE participants were tracked using surveys, text mes-
sages, or phone calls a semester before graduation and after 
they have graduated. Tracking information for graduat-
ing fourth-year students included application and accep-
tance into graduate programs (MS, PhD, or MD/PhD) or 
professional programs (MD). Information for graduated 
students included employment (STEM-related or non–
STEM-related) and enrollment in graduate or professional 
programs. Sixty-eight percent of those who have not gradu-
ated responded to tracking efforts. The response rate for 
SURE students who graduated was 75 percent. 

Results and Discussion
Recruitment and Selection of SURE Student  
Participants

TXST University College staff and COSE faculty recruited 
student applicants directly for the 2017 and 2018 cohorts. 
For the 2019 cohort, the SURE Program implemented a 
speed networking “meet the professor”-type event, Light-
ning Rounds, in November 2018. 

Components Unique component

Program management
The University College—a non-academic college with a mission of increasing student retention and 
graduation rates—manages the program. 

Students and research mentors All from the College of Science and Engineering (COSE).

Student recruitment
Lighting Rounds: an evening event in the fall semester where potential student participants meet 
with research mentors.

Student selection
Two-tier evaluation process. The first tier is performed by COSE faculty, whereas the second tier is  
performed by SURE’s Advisory Board.

Student participant cohorts
A combination of students who began research before the summer program with those who have 
never done research before SURE.

Cultural competency mentor training
A requirement for all research faculty mentoring SURE students. This is provided by materials and  
assessments developed by the National Research Mentoring Network (NRMN).

Evaluation of undergraduate 
research skills 

This is not a student self-assessment instrument. Faculty evaluate the students in 15 categories  
(see methods) at the midpoint of the program. Their evaluations are discussed with their SURE mentees.

TABLE 2. Unique Attributes of the SURE Program at Texas State University



56 Scholarship and Practice of Undergraduate Research

Mentoring
Wai-Ling Packard (2016, 5) defined mentoring as “a 
developmental experience or a type of support intended 
to advance students toward an important goal.” Studies 
have demonstrated that mentoring of underrepresented 
students results in increased retention, persistence, and 
graduation rates (Gonzalez 2001; Wilson et al. 2012; Linn 
et al. 2015). Furthermore, underrepresented male students 
form a close connection with a faculty mentor (Aikens et 
al. 2017). This close connection results in higher academic 
productivity and greater aspirations to pursue a STEM 
PhD in underrepresented males than Caucasian and Asian 
students.

Pfund and colleagues (2014) found gains in six targeted 
categories from science research faculty who received 
mentor training. A follow-up study reported that some fac-
ulty increased their awareness and understanding of diver-
sity issues, recognized personal biases, and were willing 
to change how they mentor (House, Spencer, and Pfund 
2018). Byars-Winston and colleagues (2015) suggested 
that effective (trained) mentors boost students’ reported 
confidence and abilities to do research. The above-cited 
studies informed the decision to require mentor and cul-
tural competency training for all the mentors in the SURE 
Program. Ten mentors received training in 2017, 18 men-
tors in 2018, and 14 mentors in 2019. 

The SURE Program used a formal, two-tier process for 
the evaluation of applicants. In the first tier, two review-
ers rated each student application. In the second tier, the 
advisory board examined, discussed, and ranked the stu-
dent applications that were reviewed in the first tier. This 
process resulted in 64 accepted students (2017–2019). 
Sixty-two were undergraduate students, and two were 
postbaccalaureate students. All accepted students either 
showed that they were eligible for financial aid or were 
first-generation college attendees. The demographic data 
of the 62 undergraduates in this study appear in Table 3. 
Most of the participants were rising third-year students 
(45.2 percent). The percentage of rising second-year stu-
dents and fourth-year students was the same (27.4 percent). 
Most of the STEM departments at TXST were represented. 
The majors included biology (biology, microbiology, and 
wildlife biology), chemistry (chemistry and biochemis-
try), computer science, engineering (electrical, industrial, 
and manufacturing), and physics (astronomy, plasma, and 
physics education). One American Indian, five Asian, 
four Black, 17 Caucasian, and 35 Hispanic students were 
accepted. Twenty-eight students were female, and 50 were 
first-generation students. Twenty-one students began their 
research before the summer program, whereas 43 began 
their research on the first week of SURE.

Cohort Number Academic status Gender STEM major Ethnicity First generation

2017 18
S: 1
T: 8
FY: 9

F: 8
M: 10

Biology: 4
Biochemistry: 1
Chemistry:1
Computer science: 1
Electrical engineering: 3
Manufacturing engineering: 2
Mathematics: 1
Physics: 4
Wildlife biology: 1

American Indian: 1
Caucasian: 10
Latinx: 7

80%

2018 24

S: 11
T: 7
FY: 6 

F: 10
M: 14

Biology: 5
Biochemistry: 3
Chemistry: 1
Industrial engineering: 2
Manufacturing engineering: 4
Microbiology: 4
Physics and computer science: 1
Physics education: 1
Wildlife biology: 3

Black: 2
Caucasian: 4
Latinx: 18

78%

2019 20
S: 5
T: 13
FY: 2

F: 10
M: 10

Biology: 10
Biochemistry: 3
Chemistry: 1
Microbiology: 1
Wildlife biology: 2
Electrical engineering: 3

Asian: 5
Black: 2
Caucasian: 3
Latinx: 10

70%

Note: Academic status: S = second-year student, T = third-year student, FY = fourth-year student. Gender: F = female, M = male

TABLE 3. Demographics of SURE Undergraduate Participants

The SURE Program at Texas State University
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SURE students and mentors were asked about the indi-
viduals who served as mentors and the types of mentoring 
experienced by students. The responses to the presurveys 
demonstrated that mentors and SURE students shared 
similar views. Answers to the question “Who mentored 
the student?” indicated the perceptions of both the men-
tors and the students about who provided mentoring. The 
perception among students about a graduate student role 
in mentoring was different than the perception of mentors 
when comparing the postsurvey data. Students reported 
that a PhD student demonstrated a more prominent role 
than anticipated (p < 0.05). 

Inspiring type of mentoring was high in presurveys/post-
surveys. However, at the end of the program, a lower 
number of students felt that the mentoring provided by the 
mentor was inspiring compared to the response provided 
by the mentor (p = 0.05). Qualitative data obtained from 
focus groups supported the survey results.

Science Identity
The relevance of intrapersonal and interpersonal skills such 
as self-efficacy, science identity, impostor syndrome, and 

stereotype threat in determining student perseverance in 
challenging STEM degrees has received increased research 
attention (Estrada et al. 2011). Several science educators 
see these as important mediators in intentional efforts to 
improve retention and graduation in STEM disciplines 
(Estrada 2014).

Answers were collected pertaining to SURE students’ sci-
ence identity before the program began and at the end of 
the program to provide some evidence about the effective-
ness of the mentoring and cultural competency training 
sessions in increasing students’ science identity. Two 
questions from the validated Science Identity instrument 
(Estrada et al. 2011) were used in presurveys and postsur-
veys. There were no statistically significant differences (p 
> 0.05) between the presurvey/postsurvey responses for 
the questions about “How do you see yourself?” and “Like 
Me” (see Figures 2A and 2B, respectively). In addition, 
there were no statistical differences when the responses 
were segregated between the students who began doing 
research before the SURE Program and those who began 
with it (p > 0.05). It is possible that selected students pos-
sessed a strong science identity before they joined the 

FIGURE 2. Science Identity

Brown et al.



58 Scholarship and Practice of Undergraduate Research

SURE Program. However, it is also possible that the entire 
instrument of Estrada and colleagues (2011) should be 
used to detect possible gains.

Students’ Research Skills
Research skills surveys specific to each student were 
emailed to all mentors. The intent was to compare poten-
tial gains differences between the SURE students who 
began doing research before the summer program and 
those who began their research projects in the summer. 
Survey responses were not received for four students (one 
who began early and three who began with SURE). Table 
4 shows the mid-program research skills comparison 
between the students who began doing research before 
SURE and those students who began in the summer. There 
are no statistically significant differences between both 
groups (p > 0.05). The data suggest that, by mid-program, 
there are no differences in gains in research skills between 
the two groups.

Poster Presentations
Evaluation of students’ presentations is an effective strate-
gy to capture the effectiveness of the student P.D. seminars 
provided. The collection of authentic reviews provides 
a snapshot of what students could do at the end of the 
research experience. Poster presentations were used to 
examine the effectiveness of two of the P.D. seminars (oral 
and poster presentations). All SURE students presented 

posters at the culminating symposium. However, only the 
2018 and 2019 cohorts were evaluated in six categories 
(appeal, editing, content, methods, data analysis, and accu-
racy). Percentages for each score were calculated using the 
maximum points for each category and the scores received 
by the judges. Students scored highest on accuracy (96 
percent), appeal (91 percent), and editing (90 percent), with 
lower scores on methods (87 percent), content (86 percent), 
and data analysis (78 percent). These results demonstrate 
that the seminars on oral and poster presentations were 
highly effective.

Impact of the SURE Program
Impact was examined using different metrics: comparisons 
of university and STEM GPA before the SURE summer 
program began (spring semester) and at least one year after 
SURE, graduation, enrollment in graduate or professional 
schools, and employment. 

There were no statistical differences between the univer-
sity GPA of the 2017–2019 cohorts and the control group 
before the SURE Program began (p > 0.05; see Figure 3A). 
A year after the SURE Program, the cohorts’ university 
GPAs were significantly higher than the control groups. 
The GPA increase was significantly higher between the 
2017 SURE cohort and the control (**p < 0.01; see Figure 
3A) than the 2018 SURE cohort vs. control (*p < 0.05; see 
Figure 3A), or the 2019 SURE cohort vs. control compari-
sons (*p < 0.05; see Figure 3A). The number of increased 

Skills Students who
began before SURE  (n =  20)

Students who
began with SURE (n = 40)

Independence 2.3 2.2

Writing ability 1.2 1.1

Presentation skills 1.2 1.2

Achieved established goals 2.2 1.9

Can troubleshoot 1.9 1.7

Self-motivated 2.6 2.3

Organized 2.5 2.3

Attended and participated in lab meetings 2.1 2.2

Works well with others 2.4 2.0

Maturity 2.5 2.3

Could multitask 2.1 1.8

Technical ability 2.2 1.8

Could follow directions 2.0 2.2

Overall work ethic 2.6 2.3

Made progress in the research  project 2.1 2.1

Note: Weighted averages are shown. Not able to rate = 0; not meeting expectations = 1; meeting expectations = 2; exceeding expectations = 3. 
There are no statistically significant differences between both groups (p > 0.05).

TABLE 4. Summary of Research Skills 2017–2019 Mid-Program Surveys

The SURE Program at Texas State University
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persisted, 52 percent have graduated (n = 31), and the 
remaining are in progress to graduate (n = 29, see Figure 
5). Thirty-nine percent of those who graduated enrolled 
in graduate or professional programs (n = 12, see Figure 
5). Fifty-five percent of those who graduated and are 
employed indicated that they held a STEM-related job (n = 
17; see Figure 5), whereas 6 percent (n = 2) are employed 
in non-STEM fields. 

In terms of contributions to the scientific community, 
SURE student participants have presented 56 posters at 
national conferences and coauthored 18 peer-reviewed 
publications. An abbreviated selection of students’ poster 
presentations is highlighted in Table 5. 

The impacts of the TXST SURE Program are similar to 
that of the Meyerhoff Scholars Program. The Meyerhoff 
Scholars Program is a nationally recognized model that 
has demonstrated a significant improvement in retention, 
persistence, and graduation rates for underrepresented 
students (Maton et al. 2012). This comprehensive program 
resulted in an increased mean overall GPA compared to 
their non-Meyerhoff peers. In addition, the Meyerhoff-
participating students obtained a significantly higher GPA 
in science compared to their non-Meyerhoff peers. A 
higher number of Meyerhoff participants pursued PhDs 

FIGURE 3. Overall GPA Comparison

Note: Comparisons are not within each cohort year but between each cohort year and the control group before the SURE summer program and a 
year later. **p < 0.01. *p < 0.05

or decreased GPAs before SURE and a year later was 
examined in the cohorts and control group (see Figure 3B). 
In the 2017–2019 cohorts, the number of students whose 
GPA was increased by a letter grade was higher than the 
control group, whereas the number of students whose GPA 
decreased was higher in the control group.

There were no statistically significant differences between 
the 2017–2019 STEM GPAs of cohorts and the control 
group before the SURE Program began (p > 0.05; see 
Figure 4A). However, a year after SURE, the STEM GPAs 
in the cohorts were significantly higher than the control 
group. It was more significant between the 2017 SURE 
cohort and the control (***p < 0.0001; see Figure 4A), than 
the 2018 SURE cohort vs. control (**p < 0.01; see Figure 
4A), or the 2019 SURE cohort vs. control comparisons 
(**p < 0.01; see Figure 4A). The number of increased or 
decreased STEM GPAs before SURE and a year later was 
examined in the cohorts and control groups (see Figure 
4B). In the 2017–2019 cohorts, the number of students 
whose STEM GPAs increased by a letter grade was higher 
than the control group, whereas the number of students 
whose GPA decreased was higher in the control group. 

The persistence rate for undergraduate participants after 
the SURE Program was 97 percent (n = 60). Of those who 

Brown et al.
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FIGURE 4. STEM GPA Comparison

Note: Comparisons are not within each cohort year but between each cohort year and the control group before the SURE summer program and a 
year later. ***p < 0.0001. **p < 0.01

FIGURE 5. Impact of SURE Program

or MDs compared to non-Meyerhoff students. Most of the 
successful strategies from the Meyerhoff Program have 
been shown to be successful with SURE participants. 

The SURE Program is different than other nationally fund-
ed undergraduate summer research programs such as the 
NSF Research Experiences for Undergraduates program. 
All the SURE participants are full-time students of TXST, 
the institution that hosts the program. In this respect, the 
staff involved in managing the program, delivering pro-

fessional development, and placing students in research 
groups can identify and provide interventions after the 
summer program that can maximize their impact. That, for 
obvious reasons, is a disadvantage of summer programs 
that recruit most, if not all, of their students from other 
institutions. For the summer-only programs, positive out-
comes are short term such as completing a 10-week project 
or presenting at a national conference. For the SURE Pro-
gram, the staff managing and providing professional devel-
opment seminars and academic interventions (as needed) 

The SURE Program at Texas State University



 Fall 2020  |  Volume 4  |  Number 1 61

are in the University College, a unit with a mission of 
increasing retention and graduation rates. Therefore, SURE 
is providing a holistic program that has resulted in measur-
able, positive impacts of student success at a HSI. Finally, 
the data suggest that an undergraduate research experience 
alone is not sufficient to increase student success (increased 
GPA, higher graduation rates, enrollment in graduate pro-
grams, or employment in STEM-related jobs). Undergradu-
ate student success can be maximized if an encompassing 
support program is tied to a research experience. 
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The Lay of the Land: An Overview of Canada’s Undergraduate  
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Abstract
This article reviews the state of Canada’s undergraduate 
research opportunities (UROs) in the life sciences across 
various institutions. Survey data gathered in 2019 from 
20 departments in 14 universities show that all respond-
ing departments offer well-established forms of research 
that include credit-based directed studies or honors-thesis 
courses. Paid research opportunities are offered by 80–95 
percent of the responding departments. Newer-generation 
UROs such as course-based undergraduate research expe-
riences and inquiry-based lab courses were found to be 
offered by more than half of responding departments. 
Additionally, 60 percent reported having co-curricular and 
student-driven URO initiatives. Overall, the survey data 
reflect a well-established and growing portfolio of UROs 
at universities across Canada.
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Undergraduate research experiences (UREs) provide wide-
ranging benefits for students, which positively impacts the 
scientific community at large (Russell et al. 2007; Sadler 
et al. 2010). Students who participate in hands-on research 
gain an array of technical and transferable skills while 
deepening their disciplinary knowledge. They build skills 
in oral and written communication, project coordination, 
interpersonal skills and teamwork, critical analysis and 
problem solving, organization and time management, 
technical skills, data collection, and a higher regard for 
ethical considerations (Bauer and Bennett 2003; Sadler et 
al. 2010). Undergraduate researchers practice “doing sci-
ence” and scientific thinking, which leads them to develop 

a more nuanced appreciation of the nature of science, and 
the limitations and complexity involved in collecting and 
evaluating scientific evidence (Sadler et al. 2010). Further-
more, UREs promote scientific enculturation, a stronger 
sense of belonging and scientific identity (Estrada et al. 
2018; Adedokun et al. 2013; Berkes 2007), which is sug-
gested to be a critically important factor that influences if 
students pursue a career in science.

Given that the outcomes gained by students participating 
in UREs influence their career choices, it is not surprising 
that UREs directly impact the future of the scientific com-
munity. It has been reported that UREs increase student 
awareness, interest, and confidence in pursuing careers in 
STEM (science, technology, engineering, and math) (Rus-
sell et al. 2007; Sadler et al. 2010). This leads to higher 
retention or persistence in the STEM fields, as students 
who participate in UREs are more likely to pursue an 
advanced degree after graduation (Hathaway et al. 2002; 
Eagan et al. 2013; Zydney et al. 2002). Importantly, cor-
relation between UREs and persistence in science as a 
career has been observed in underrepresented groups, 
which speaks to the influence of UREs in diversifying the 
scientific workforce (Estrada et al. 2018; Hernandez et al. 
2018). Taken together, UREs are a high-impact education-
al opportunity that offer enormous benefits to students and 
the research community. It is therefore important to char-
acterize opportunities for UREs across undergraduate cur-
ricula to maximize and broaden access to these benefits. 

UREs are a product of various types of undergraduate 
research opportunities (UROs) that include (1) traditional 
lab courses involving instructor guided experiments; (2) 
paid or unpaid internships, which in Canadian institutions 
are often called co-op work experience and directed stud-
ies/honors thesis courses, respectively; (3) inquiry-based 
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lab courses involving investigation without novelty; (4) 
high-enrollment, course-based undergraduate experiences 
or CUREs involving novel, self-directed investigations; 
and (5) other co-curricular UROs involving programs and/
or learning activities that align with a student’s academic 
goals that involve research. In this article, URO is the 
term used to describe the various types of undergraduate 
research, whereas URE is used to describe the outcome 
of an URO (e.g., research-related activities that students 
engage in as part of a URO). For example, although both 
traditional lab courses and co-op are UROs, they do not 
offer the same type of URE due to the differences in men-
torship, environment, and other factors. 

Historically, UROs offered by universities have included 
mentor-mentee models (e.g. unpaid, credit-based, directed 
studies courses; unpaid or paid internships or volunteer-
ships; paid co-op work experience) in which an under-
graduate student conducts research in a grant-funded aca-
demic laboratory, government laboratory, or a company 
under the direct supervision of a more advanced researcher 
(e.g., a graduate student, postdoctoral fellow, principal 
investigator, or staff scientist). Although the quality of the 
research mentorship experience can vary, the long-stand-
ing mentor-mentee model has generally been successful. 
However, the one-to-one nature of this model means that 
it lacks scalability and can limit diversity and equitability 
due to the self-selecting process of student recruitment. 
More recently, CUREs have been developed as a scalable 
and accessible solution to the need and student-led demand 
for more UROs. The development of CUREs, as well as 
student-led team-based research options like International 
Genetically Engineered Machines (iGEM) and BioMod, 
represent a newer generation of UROs that are garnering 
notable interest from both students and educators. 

In this article, the authors describe the current structure, 
function, and diversity of life sciences UROs within 
Canada. Universities were targeted that have departments 
focused on the life sciences (defined by titles includ-
ing biology, microbiology, immunology, biochemistry, 
botany, and zoology) to allow meaningful institutional and 
departmental alignments. It was reasoned that UROs in 
more distantly related departments/disciplines (e.g., phys-
ics versus biology) may be quite different with respect 
to their scientific histories, technical requirements, and/
or administrative structures, thus making comparisons 
difficult. In contrast, UROs within the life sciences (e.g., 
biochemistry versus microbiology) would share more 
similar underpinnings. 

It is hoped that this review provides a useful snapshot of 
UROs offered within life sciences in Canada as of 2020. 
This new insight may be leveraged to compare and con-
trast different UROs, and their resulting UREs, within and 
between Canadian institutions. It may also provide a basis 
for comparison with models of undergraduate research 
established and evolving in other countries.

Canada’s Undergraduate Research Opportunities 
within the Life Sciences 
Canada is a country with a population of approximately 
38 million individuals. The country spans a total area of 
approximately 10 million km2, divided into 10 provinces 
and 3 territories. Canada was reported to have 96 universi-
ties in total as of 2016. Most universities are located along 
Canada’s southern border due to its temperate climate rel-
ative to the northern regions of the country (see Figure 1). 

The majority of Canada’s postsecondary institutions are 
publicly funded by the federal and provincial govern-

FIGURE 1. Canadian Postsecondary Institutions Represented in Survey Data 

1. University of Victoria
2. University of British Columbia
3. Simon Fraser University
4. British Columbia Institute of Technology
5. University of Calgary
6. University of Alberta
7. University of Saskatchewan
8. University of Waterloo
9. Wilfrid Laurier University
10. University of Guelph
11. University of Toronto
12. Concordia University
13. McGill University
14. Memorial University of Newfoundland
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ments. Universities tend to directly support pedagogical 
development and/or course renewal efforts; national or 
provincial funding programs for teaching and learning do 
not exist. Funding for undergraduate research opportuni-
ties is generally channeled through faculties or schools 
(e.g., science) overseeing disciplinary departments (e.g., 
microbiology or zoology); however, specific institutional 
programs such as the Projects for Undergraduate Research 
Experiences at the University of British Columbia (UBC) 
have been implemented at the institutional level to support 
innovation. 

In Canada, grant-driven research laboratories operate 
under the funding structure provided primarily through 
two major government funding agencies: Natural Sciences 
and Engineering Research Council (NSERC) and Canadian 
Institutes of Health Research (CIHR). NSERC offers two 
streams of undergraduate research funding that includes the 
Ingenium-NSERC Steam Horizon Award, which broadly 
encompass various areas of STEM involvement including 
research; whereas the Undergraduate Student Research 
Awards (USRA) specifically funds UREs across various 
research areas or disciplines (NSERC, Government of 
Canada 2016). USRA is provided as a one-term (16-week) 
stipend to partially support student research in a grant 
funded academic lab. The remaining balance of the stipend 
is provided by the principal investigator or institution. 
In partnership with various sponsors, CIHR also offers a 
variety of funding opportunities with an emphasis on life 
sciences research including the Undergraduate Summer 
Studentship Award. These scholarships support students 
pursuing general research over the summer term (typically 
May to August) as well as other more specialized, niche 
opportunities such as the mobility, musculoskeletal health 
and arthritis fund, which is used to support undergradu-
ate research specific to one area (CIHR, Government of 
Canada 2019). 

Canadian undergraduate degree programs in the life scienc-
es typically involve 4 to 5 years of coursework. Students 
select a degree program and/or specialization after year 
1 or year 2. Most degree programs, as well as traditional 
UROs, are coordinated at the departmental level. Some 
universities offer integrated degree programs that allow 
students to combine disciplines (e.g., microbiology and 
physiology). However, because these programs can lack 
direct department affiliation student access to UROs may 
be restricted. To address this issue, the integrated sciences 
program at McMaster University affords all the enroll-
ment privileges of an undergraduate student in a program 
entirely hosted in that concentration’s home department. 

In Canada, universities coordinate a range of life sciences 
UROs, which include (1) the long-standing mentor-mentee 
models such as directed studies or honors thesis courses, 
summer undergraduate research experiences (SUREs), 

volunteering, and instructor-led teaching laboratory expe-
riences; (2) co-op work experience; (3) course-based 
undergraduate research experiences; and (4) co-curricular, 
student-driven programs. To gain insight into the scope 
and diversity of UROs in the life sciences across Canada, 
a survey of faculty and administrators was conducted in 
2019. The survey was sent out to life sciences departments 
of universities that were listed in the Maclean’s magazine 
rankings of the top Canadian medical and comprehensive 
universities; a total of 40 departments at 25 institutions was 
contacted. Life sciences departments included biochemis-
try, biology, biotechnology, microbiology, and immunol-
ogy. The response rate was approximately 50 percent, 
which represents 20 departments across 14 institutions as 
summarized in Table 1. A biological sciences department 
was represented from all 14 institutions. Biochemistry 
departments were represented by the University of Victo-
ria (UVic), UBC, and McGill University. The Department 
of Microbiology (and Immunology) was represented in 
Memorial University of Newfoundland, UVic, McGill, and 
UBC. The responding biotechnology program is co-hosted 
by the British Columbia Institute for Technology and UBC. 

All the responding departments (20 out of 20) indicated 
that they offer mentor-mentee directed studies and/or 
honors thesis courses, opportunities for volunteer work 
experience, and instructor-led teaching laboratory courses. 
These experiences collectively represent the long-standing 
models of UROs in Canada. Credit-based courses are 
funded through departmental budgets derived from institu-
tional funding. Reagents and supplies required for directed 
studies, honors thesis projects, or volunteer lab assistant 
work are purchased by research grants held by the host 
laboratory.

Co-op work experience programs or paid internships are 
well established throughout Canadian institutions with 
more than 80 percent (16 out of 20) respondents confirm-
ing a functional program at their university. Co-op work 
experience is typically limited to students in the second 
to fifth year of their undergraduate degree. Programs are 
generally operated by coordinators who staff a central 
office. Prospective employers post job advertisements via 
the co-op office website to which students apply and inter-
view. Positions are typically 4- or 8-month terms, although 
12- or 16-month terms are possible. Students work in com-
panies, government labs, or academic research labs locally, 
in other areas of Canada, or internationally. Funding for 
co-op work experience can be provided by industrial firms, 
government employers, as well as grant-funded academic 
research labs. NSERC USRA funding can be used to sup-
plement a co-op work experience stipend. 

Another type of paid internship is the summer undergradu-
ate research experience (SURE), most commonly held 
from May through August, although winter placements 
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Province Total undergraduate 
students enrolled Represented departments in survey

British Columbia Institute of Technology (BCIT) BC 18,147a Biotechnology (UBC-BCIT joint program)

Concordia University QC 37,154b Biology

McGill University QC 27,035c
Biology
Biochemistry 
Microbiology and Immunology

Memorial University of Newfoundland NF 13,564d Biochemistry

Simon Fraser University BC 29,904b Biological Sciences
Molecular Biology and Biochemistry

University of Alberta AB 28,709e Biological Sciences

University of British Columbia (UBC) BC 44,882b,f
Biology (Botany and Zoology)
Biochemistry
Microbiology and Immunology

University of Calgary AB 23,808b Biological Sciences

University of Guelph ON 26,677d Molecular and Cellular Biology

University of Saskatchewan SK 18,103g Biology

University of Toronto ON 71,930b Biochemistry

University of Victoria BC 18,714c Biology
Biochemistry and Microbiology

University of Waterloo ON 33,322c Biology

Wilfrid Laurier University ON 15,622e Biology

Note: Enrollment numbers were collected from each institution’s main website. Departments that were surveyed included biochemistry, biology, biotech-
nology, and microbiology to reflect life sciences disciplines. Information in the table was collected from British Columbia Institute of Technology n.d.; 
Concordia University n.d.a; Enrolment Services, McGill n.d.; Institutional Analysis & Planning, University of Waterloo 2015; Memorial University of 
Newfoundland n.d.; Simon Fraser University n.d.; University of Alberta n.d.a; University of British Columbia n.d.a; University of Calgary n.d.a; Univer-
sity of Guelph n.d. 
aFull-time as of 2017–2018
bAs of 2018–2019
cAs of fall 2019
dAs of 2017
eFull time as of 2018–2019
fVancouver campus only
gAs of 2019–2020

TABLE 1. Canadian Institutions Represented in Survey Data

sometimes occur. During SUREs, students typically con-
duct 16 weeks of full-time research in a grant-funded 
research lab. Federal funding supports the NSERC USRA 
program, and awards are allocated to each institution, 
which then distributes individual allotments of awards to 
faculties and departments. Award allocation schemes at 
the departmental level are customized. SURE awards are 
commonly funded by the host institution as well, thereby 
increasing the universities’ annual quota of paid UROs. 
Since NSERC USRA awards are only available to students 
with Canadian citizenship or permanent resident status, 
some institutions offer a subset of awards specifically for 
students with international status. For example, UBC oper-
ates a Work-Learn International Undergraduate Research 

Awards program, which provides equivalent funding to a 
USRA. It is also noteworthy that USRA places an empha-
sis on supporting self-identified Indigenous students, as the 
program recommends that institutions can submit applica-
tions from all Indigenous students even if the institution’s 
academic award quota has been reached.

Newer generation models of credit-based courses include 
inquiry-based teaching labs and the so-called course-based 
undergraduate research experiences (CUREs). Inquiry-
based lab courses are offered by 14 of 20 (70 percent) of 
the responding departments, whereas CUREs are offered 
by 13 out of 20 of the responding departments (65 per-
cent; see Figure 2). CUREs are relatively new pedagogi-

Canada's Undergraduate Research Opportunities
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FIGURE 2. Undergraduate Research Opportunities Provided in 14 Canadian Postsecondary Institutions 

cal innovations in which students typically work in teams 
on authentic research projects (i.e., the outcome of the 
research is unknown to the students and instructor at the 
outset). An instructor or instructors facilitate CUREs, guid-
ing a class of students (e.g., a few to hundreds) divided into 
teams that work on often different research questions (in 
comparison to the one-to-one mentor-mentee model fol-
lowed by honors theses and directed studies courses). The 
CURE model has the distinct advantage of being scalable 
and accessible to a broad range of undergraduate students. 
McGill’s Department of Microbiology and Immunology 
operates CUREs through open-source, community-based 
programs such as SEA-PHAGES (Science Education Alli-
ance, HMMI n.d.) and Tiny Earth (n.d.). These two initia-
tives act as consortia of student-sourced antibiotics and 
viruses discovered in soil respectively. Since 2001, the 
UBC Department of Microbiology and Immunology has 
offered molecular microbiology CUREs in which teams of 
fourth-year students undertake novel, self-directed research 
projects in the span of one term. Findings are published in 
an undergraduate research journal and prime the design 
of subsequent research questions in a feed-forward man-
ner. The University of Saskatchewan (USask) has recently 
adopted the CURE model developed in the UBC Depart-
ment of Microbiology and Immunology to create the new 
course Team-Based Experimental Microbiology.

CUREs have been positively perceived not just by students 
but also by faculty as a means of effectively integrating 
research into a teaching environment to help students 

develop core research competencies (Shortlidge et al. 2016; 
Auchincloss et al. 2014). The development and implemen-
tation of CUREs requires institutional and faculty commit-
ment. Barriers to CURE implementation include instructor 
time, available funding, logistics of operation, and faculty 
buy-in (Spell et al. 2014; Shortlidge et al. 2016). However, 
it is heartening to report that the majority of responding life 
science departments in Canada offer CUREs, reflecting a 
healthy commitment to pedagogical innovation. Although 
a comprehensive review of CUREs in Canada is beyond 
the scope of this article, it will be interesting to see how 
this model develops in Canada over the next few years. 

Exciting new co-curricular, student-driven life sciences 
URO initiatives are afoot in Canada. Team-based programs 
such iGEM and BioMod have been established at several 
Canadian universities (see Table 2). The international com-
petiton iGEM challenges student teams to design, develop, 
test, and disseminate innovative synthetic biology solu-
tions to real-life problems. Teams receive varying levels 
of guidance and mentorship from graduate students, fac-
ulty, and industry partners. Funding is sourced by students 
from their home institutions as well as industrial spon-
sors. Canadian iGEM projects include the development of 
novel DNA constructs (University of Ottawa 2019), plastic 
degradation (University of Toronto n.d.b), approaches 
to improvements in canola oil production (University of 
Calgary n.d.b), and a neurotoxin biosensor for safer shell-
fish consumption (University of British Columbia n.d.b). 
BioMod is a smaller but rapidly growing initiative that is 

Sun et al.

Note: Summer undergraduate research experiences (SUREs) are a part of the co-op/paid internship category.
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attracting students interested in biomolecular design. At 
Concordia University, the Biology Student Association 
has been organizing trips to the Galapagos Islands since 
2006 to conduct conservation-based projects that count for 
course credit. 

Several institutions across Canada have internal initiatives 
or organizations that help connect students to UROs. The 
Undergraduate Research Initiative at the University of 
Alberta (U of A) operates as an institutional office that 
provides consultation, hosts networking events, and pro-
vides online resources to help students UROs. Other bud-
ding prospects are student-led organizations that promote 
undergraduate research opportunities. At Simon Fraser 
University, the SFU Science Undergraduate Society pro-
vides students with three potential avenues of research 
dissemination and networking: publication in the SFU 
Science Undergraduate Research Journal (SURJ n.d.), 
an annual poster competition, and/or exposure of UREs 
through a curated blog (SURJ n.d.). At UBC, a multidis-
ciplinary team of students have come together to form 
the club Undergraduate Research Opportunities, which 
hosts programs and events such as Life Science Research 
Night, where students learn about careers in research and 
interact with academics and industry professionals, and 
the Research Exchange Program (REX), in which students 
conduct paper-based research projects under the guidance 

of academic mentors. The students leading the Under-
graduate Research Opportunities Club at UBC collaborate 
with faculty advisers, as well as university staff, in the 
Centre for Student Involvement and Careers (CSI&C) who 
provide mentorship and administrative support to the stu-
dents. This tripartite relationship among the club, faculty, 
and CSI&C creates a model of student-centered leadership 
to centrally organize and share information about access 
to UROs. 

Mechanisms for the dissemination and celebration of 
undergraduate research such as an undergraduate research 
symposia and undergraduate research journals exist at 
several Canadian institutions. USask publishes the mul-
tidisciplinary University of Saskatchewan Undergradu-
ate Research Journal (USURJ) each year (University of 
Saskatchewan n.d.a). As mentioned previously, Simon 
Fraser University publishes the SFU Science Undergradu-
ate Research Journal (SURJ) operated by its Science 
Undergraduate Society (SURJ n.d.). UBC is home to 
the Undergraduate Journal of Experimental Microbiol-
ogy and Immunology (UJEMI n.d.). Initiated in 2001 as 
a means to disseminate the results of student projects in 
CURE courses in microbiology and immunology, UJEMI 
now has a peer-review arm that invites submissions from 
undergraduate students around the world (Sun et al. 2020)

Undergraduate research symposia were reported by mul-
tiple institutions as platforms for communicating the out-
comes of UROs. UBC hosts the Multidisciplinary Under-
graduate Research Conference (MURC) with oral and 
poster presentations with hundreds of participants per year 
(Student Services, UBC 2016). Similarly, the University of 
Ottawa offers an Annual Undergraduate Research Oppor-
tunity Program Symposium to allow students across vari-
ous disciplines to present their research in the format of a 
poster, hosting more than 260 presenters a year (University 
of Ottawa 2020). The UBC Department of Microbiology 
and Immunology hosts an undergraduate research sym-
posium each year (MBIM URS) that provides a forum for 
students to disseminate their research, network with their 
peers and other academics, and demonstrate formal partici-
pation within the scientific community. More broadly, the 
annual Undergraduate Research in Science Conference of 
Alberta is an initiative hosted by various different Cana-
dian institutions in Alberta that allows students who are 
conducting NSERC-funded projects to present their work. 
Ontario hosts a similar province-based event, Ontario Biol-
ogy Day, where biology students can present their research 
and network. The Prairie University Biology Symposium 
is an annual event, founded at the University of Manitoba, 
that hosts presentations from undergraduate students to 
postdoctoral fellows across Western Canadian institutions. 

The popular three-minute thesis (3MT) competition, which 
is typically reserved for the presentation of graduate student 

Co-curricular program 
and focus Institution and reference

iGEM: Competition-based 
program that involves teams 
of students working to solve a 
community-based problem in 
the field of synthetic biology

Concordia University (n.d.b)

Dalhousie University (n.d.)

McGill University (2018)

University of Alberta (n.d.b)

University of British Columbia 
(n.d.b)

University of Calgary (n.d.b)

University of Guelph (2019)

University of Ottawa (2019)

University of Toronto (n.d.b)

University of Waterloo (n.d.)

BioMod: A biomolecular 
design competition for 
undergraduate students 
intended to develop problem-
solving skills and teamwork

University of British Columbia 
(n.d.c)

University of Toronto (n.d.c)

TABLE 2. Examples of Molecular Biology Co-Curricular Programs 
Hosted by Canadian Institutions
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Bauer, Karen W., and Joan S. Bennett. 2003. “Alumni Per-
ceptions Used to Assess Undergraduate Research Expe-
rience.” Journal of Higher Education 74: 210–230. doi: 
10.1080/00221546.2003.11777197

Berkes, Elizabeth. 2007. “Practicing Biology: Undergraduate 
Laboratory Research, Persistence in Science, and the Impact of 
Self-Efficacy Beliefs.” PhD diss., Washington University in St. 
Louis.

British Columbia Institute of Technology (BCIT). n.d. 
“BCIT: Institutional Research Office: Facts and Figures.” 
Accessed February 3, 2020. https://www.bcit.ca/ir/bcit_facts_
and_figures.shtml 

Canadian Institutes of Health Research (CIHR), Government of 
Canada. 2019. “Funding Opportunities Posted between Novem-
ber 29th and December 20th, 2019 by CIHR and Its Part-
ners—CIHR.” Accessed December 24, 2019. https://cihr-irsc.
gc.ca/e/51805.html

Concordia University. n.d.a “Fast Facts.” Accessed February 
3, 2020. https://www.concordia.ca/content/concordia/en/about/
fast-facts.html

Concordia University. n.d.b “Meet the Team.” Accessed Octo-
ber 19, 2020. https://2019.igem.org/Team:Concordia-Montreal/
Team 

Dalhousie University. n.d. “Project Description.” Accessed Octo-
ber 19, 2020. http://2017.igem.org/Team:Dalhousie/Description

Eagan, Kevin Jr., Sylvia Hurtado, Mitchell J. Chang, Gina A. 
Garcia, Felisha A. Herrera, and Juan C. Garibay. 2013. “Making 
a Difference in Science Education: The Impact of Undergraduate 
Research Programs.” American Educational Research Journal 
50: 683–713. doi: 10.3102/0002831213482038

Enrollment Services, McGill University. n.d. “Enrolment 
Reports.” Accessed February 3, 2020. https://www.mcgill.ca/es/
registration-statistics

Estrada, Mica, Paul R. Hernandez, and P. Wesley Schultz. 2018. 
“A Longitudinal Study of How Quality Mentorship and Research 
Experience Integrate Underrepresented Minorities into STEM 
Careers.” CBE–Life Sciences Education 17(1): ar9. doi: 10.1187/
cbe.17-04-0066

Hathaway, Russel S., Biren (Ratnesh) A. Nagda, and Sandra R. 
Gregerman. 2002. “The Relationship of Undergraduate Research 
Participation to Graduate and Professional Education Pursuit: 
An Empirical Study.” Journal of College Student Development 
43: 614–31.

Hernandez, Paul R., Anna Woodcock, Mica Estrada, and P. 
Wesley Schultz. 2018. “Undergraduate Research Experiences 
Broaden Diversity in the Scientific Workforce.” BioScience 68: 
204–211. doi: 10.1093/biosci/bix163

Institutional Analysis & Planning, University of Waterloo. 2015. 
“Student Headcounts.” June 2, 2015. https://uwaterloo.ca/insti-
tutional-analysis-planning/university-data-and-statistics/student-
data/student-headcounts

McGill University. 2018. “Welcome to iGEM McGill 2018!” 
http://2018.igem.org/Team:McGill

theses, has recently been reimagined at UBC, which rolled 
out its first 3MT competition for undergraduate students in 
2020. Spearheaded by UBC’s Biochemistry Department, 
the 3MT competition provides a forum for undergraduate 
students in directed studies courses, honors courses, and 
capstone research-based courses (e.g., CUREs) to pres-
ent their research projects. To level the field, emphasis is 
placed on communicating project background and scien-
tific concepts as opposed to experimental data.

Finally, student participation in a URO can be recognized 
as course-credit, documented in their transcript, or associ-
ated with certification. For example, participation in two or 
more internship terms is recognized at McGill on student 
transcripts and conversion to a co-op degree, specifically 
for the joint computer science and biology program. UBC 
offers certification for completion of the co-op program. 
The U of A also offers an undergraduate research certifica-
tion to recognize URE participation. The USask Depart-
ment of Biology more recently adopted a certificate on 
biology research to recognize students who participated in 
a minimum number of intensive research-based courses.
 

The Future of Undergraduate Research in Canada
The survey data show that long-standing URO models 
(e.g., directed studies courses, co-op, or volunteering) 
are offered and well supported by all the responding 
institutions and that newer URO models (e.g., CUREs; 
co-curricular student-led initiatives) that are scalable and 
more broadly accessible have been well established in 
many institutions or are emerging. As demand for UROs 
increases, there is a growing need for a cohesive model for 
supporting their development and maintenance. Canada’s 
model for supporting UROs is linked to funding from the 
federal government, internal funding from public universi-
ties, and industry sponsors. It is exciting to report strong 
support overall for pedagogical innovation and funding for 
undergraduate research in Canada within the life sciences. 
Given the well-established benefits of UREs, providing 
equitable access to UROs (paid and unpaid) to as many 
students as possible is a challenge that Canadian postsec-
ondary institutions are seeking to address. 
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Evelyn Sun is a postdoctoral teaching fellow in the 
Department of Microbiology and Immunology at University 
of British Columbia (UBC) who completed her PhD on the 
study of bacterial motility and its role in adaptation. She 
has been teaching science communication for the past 
two years and currently teaches as well as conducts SoTL 
research on molecular microbiology CUREs. Her post-
doctoral studies include assessing a current CURE model 
to adapt the model into new CUREs covering various 
research areas. 

Marcia L. Graves is an assistant professor of teaching in 
the Department of Microbiology and Immunology at UBC 
who teaches cellular virology and an inquiry-driven lab 
course in immunology. In her teaching, she focuses on 
learning outcomes that emphasize building skills in scien-
tific practices such as evidence-based reasoning and sci-
entific writing. She has a special interest in how students 
engage with and evaluate the primary literature.

David C. Oliver is an associate professor of teaching in the 
Department of Microbiology and Immunology at UBC who 
teaches a capstone course-based undergraduate research 
experience in molecular microbiology. He is particularly 
interested in leveraging authentic research experience to 
facilitate team-based and collaborative learning. He is the 
faculty lead of the Undergraduate Journal of Experimental 
Microbiology and Immunology, a peer-reviewed, interna-
tional undergraduate research journal. 
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careers. Importantly, RSCU participants were encouraged 
to ask questions and interact with speakers and panel-
ists, and students engaged in further discourse in small 
groups. Each meeting also included a discussion of equity 
and inclusion issues in science, which further developed 
students’ scientific identities and resulted in many student-
generated, actionable ideas to support underrepresented 
groups on their respective campuses.

Although a remote program cannot replace practical 
laboratory experience, the supergroup collaboration has 
achieved important cognitive and affective benefits of 
undergraduate research by organizing meaningful activi-
ties and establishing a scientific community for students 
and faculty. Indeed, participants have expressed interest in 
continuing RSCU beyond this summer, as the network and 
programming provided may supplement in-person under-
graduate research experiences at primarily undergraduate 
institutions. Moreover, the aims, implementation, and 
outcomes of the supergroup are readily applicable to other 
disciplines and may prove effective in forming personal 
and professional connections among participants from 
diverse backgrounds, especially amid disruptive events.

Collaborative Autoethnography:  
An Approach to Deliver Learning Objectives of a 
Community-Engaged Research Course for Health 
Science Undergraduates during Pandemic Times

Angie Mejia 
University of Minnesota Rochester, amejiame@r.umn.edu

doi: 10.18833/spur/4/1/7

An upper-division, community-engaged course at the Uni-
versity of Minnesota Rochester is geared for health science 
majors. Each term, several groups of undergraduates col-
laborate on service-learning or research-based projects for 
local community agencies working on issues of health. A 
process was implemented to meet one learning objective in 
the syllabus (introduction to qualitative data methods) as a 
response to pandemic-imposed limitations on community-
engaged learning activities at UMR. The hope was for one 
group of students to meet these objectives by engaging in 
a collaborative autoethnography instead of collecting data 
in the community.

The students and the faculty mentor planned to write, 
collect, analyze, and synthesize their reflections while 
conducting a review of autobiographical texts by health-
care workers, educators, and researchers writing about 

Remote Supergroup for Chemistry Undergraduates

Caitlin M. McMahon, Kimberly A. Choquette,
S. Chantal E. Stieber, and Erin E. Gray
University of North Carolina Asheville/Drew University/California 
State Polytechnic University, Pomona/Washington and Lee University, 
egray@wlu.edu

doi: 10.18833/spur/4/1/6

The COVID-19 pandemic precluded many in-person 
undergraduate research opportunities, presenting a unique 
challenge for scientific research that typically takes place 
in the laboratory and necessitates hands-on experience. 
During summer 2020, faculty in the chemical sciences 
were encouraged to transform projects from the laboratory 
to a remote setting and continue summer research with 
undergraduate students. 

To provide an opportunity for chemistry students to engage 
in high-impact practices remotely, the Remote Supergroup 
for Chemistry Undergraduates (RSCU) was established. 
This supergroup brought together student and faculty 
scientists from 18 public and private institutions that pri-
marily serve undergraduates, spanning 14 US states and 
one other country. The group was intentionally kept to a 
modest size for the effective realization of RSCU’s goals, 
which included (1) networking across institutions and 
fostering a scientific community, (2) promoting student 
understanding of the chemical literature, (3) informing stu-
dents about further educational and career opportunities, 
and (4) facilitating discussions of equity and inclusion in 
science. Furthermore, RSCU provided faculty with a sup-
port network as they navigated the ever-changing teaching 
and research environment in the age of COVID-19.

The highlight of the RSCU program was the weekly 
virtual meetings, which were conducted synchronously 
via Zoom. Over a nine-week summer series, participants 
convened for research seminars, professional development 
panels, and/or breakout discussions. For seminars, impact-
ful speakers from various chemistry subdisciplines were 
invited to present research to the supergroup. In prepa-
ration for the discussion, students read research articles 
authored by the speaker, enhancing their comprehension 
of both the presentation and the literature. Students also 
had an opportunity to share their own work with the group 
in flash presentations. To help students clarify their pursuit 
of science and aid faculty who advise students pursuing 
various career paths, other meetings featured panel discus-
sions focused on graduate school, professional school, and 
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their experiences making sense of the COVID-19 impact 
in their lives and communities. They would then engage 
in a systematic analysis by focusing on the social dimen-
sions of a pandemic as they relate to different identity 
positionalities within a health sciences campus. The group 
met several times (at least once a week, sometimes more) 
to code, interpret, and synthesize more than 10,000 words 
of reflections (dubbed the “pandemic dataset”) according 
to themes. Also, some students in this group had signed up 
for additional summer credit hours and wanted to continue 
working on the project. After the faculty mentor agreed to 
supervise their summer coursework, the next step was to 
outline a conference poster/paper with a potential publica-
tion to be produced later.

The subsequent article was submitted in response to a peer-
reviewed journal’s call for submissions on anthropological 
perspectives and analyses on the pandemic. Although 
it was a lot of work, a collaborative autoethnographic 
approach allowed the students to meet the course’s learn-
ing objectives while gaining experience in the manuscript 
writing process and a deeper appreciation of qualitative 
research methods. One student stated how “being vulner-
able” by writing collectively on the pandemic helped her 
gain “a shared sense of purpose,” not only with members 
of this group but also other students in similar circum-
stances. Another student indicated that the process pushed 
her to critically reflect on her identity as a woman of color 
and future medical professional in a changing health-care 
context. Another became more open to the possibilities of 
exploring written work in the medical humanities as a way 
to balance the more “STEM-focused material” of his fall 
coursework. Finally, all the students felt that collabora-
tive autoethnography was a positive experience that could 
benefit their graduating cohort. Some of the students and 
the faculty mentor received funding from the university to 
support UMR third- and fourth-year students in creating 
written and video narratives on their experiences navigat-
ing a “pandemic summer.” These will be disseminated via 
social media and archived in the university library’s digital 
repository.

Mentoring Underrepresented Student Success:  
Adapting to COVID-19 Impacts on Awarded 
Co-curricular Opportunities

Amanda Wong and Michael Guidry
University of Hawai‘i at Mānoa, guidry@hawaii.edu

doi: 10.18833/spur/4/1/8

At the University of Hawai‘i at Mānoa, undergraduate 
students in the Global Environmental Science (GES) pro-
gram have unique interests in STEM fields and come from 
diverse backgrounds. Students are encouraged to pursue 
co-curricular opportunities through research and summer 

internships in addition to their degree-required, faculty-
mentored thesis experience.

Starting in January 2020, a unique mentoring program 
approach was implemented to facilitate the pursuit of 
these co-curricular opportunities. Eight participants (seven 
current GES students and one recent graduate) received 
advice and assistance with their application materials, 
which included CVs, personal statements, and proposals 
for research funding.

Participants applied to co-curricular opportunities in 
Hawai‘i and across the continental United States, including 
Research Experiences for Undergraduates of the National 
Science Foundation, Sea Grant internships, Hollings schol-
arships of the National Oceanic and Atmospheric Admin-
istration, and undergraduate research project funding. 
As part of this mentoring program, participants assessed 
their initial confidence in preparing their own application 
materials and completed a follow-up confidence assess-
ment. All but one participant was female, and the majority 
(n = 6) were from underrepresented ethnic minorities in 
the geosciences. A majority of participants (n = 5) suc-
cessfully advanced through the application process, and 
half (n = 4) were awarded internships, fellowships, and 
undergraduate research funding, which boosted their con-
fidence in preparing application materials according to 
the follow-up assessments. However, due to the impacts 
of the COVID-19 pandemic, many of these awarded co-
curricular opportunities modified, delayed, or canceled 
their programs.

The personalized structure of the program’s approach 
allowed mentors to follow up in “real-time” to help the 
participants successfully navigate and manage the changes 
caused by the pandemic to their awarded opportunities. 
Mentors conversed with participants through video calls 
about the changes to their co-curricular opportunities, their 
feelings about these modifications, and the pandemic situ-
ation. Many participants felt anxious and uncertain about 
their summer plans and future academic studies due to 
the pandemic, in addition to the resulting changes to their 
co-curricular awarded opportunities. Mentoring provided 
the safe space for an open discussion allowing the partici-
pants, when desired, to lead the conversation and articu-
late their thoughts and feelings. Furthermore, the mentors 
could better relate to the GES student participants because 
the mentors recently had been GES students themselves.

In summary, this program helped participants persevere 
and adapt to the fallout from the unprecedented pandemic 
situation with the support of GES alumni mentors. Some 
participants adjusted to their canceled co-curricular pro-
grams by taking online summer courses to complete their 
degree requirements. Mentoring allowed these students to 
sort through their academic interests and possible career 
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transfer students overcome “transfer shock” and thrive at 
the institution.

August 2020 marked the inaugural year of the CURE Sci-
ence Bootcamp course. Due to COVID-19 restrictions, the 
entire bootcamp was taught virtually on a synchronous 
schedule using the learning management system Black-
board Collaborate Ultra. STEM transfer students complet-
ed all key elements of the traditional Science Bootcamp, 
with slight modifications due to the compressed schedule. 
In topic selection, students were nudged toward viable 
methodologies, given that in-person data collection was 
prohibited. In collaboration with a faculty mentor and 
an upper-class peer mentor, interdisciplinary teams of 
students conducted a wide range of projects, including 
the bioinformatics of cancer, an online behavioral science 
experiment, and geometric morphometric analysis of fos-
sils. The bootcamp culminated with students presenting 
their findings to the campus community at the August 
Science Bootcamp Poster Symposium on Blackboard Col-
laborate during the first week of fall classes.

Overall, anecdotal evidence suggests the course was a suc-
cess, although several challenges needed to be overcome. 
With the shortened timeline and virtual experience, it 
was necessary to have more intensive faculty mentoring 
of projects compared to previous face-to-face iterations, 
which were not anticipated. Furthermore, because this 
was the first year conducting this type of bootcamp, the 
peer mentors did not have experience with these projects, 
which affected their level of effectiveness.  For those con-
sidering conducting a CURE-type course virtually, train-
ing peer mentors in relevant techniques for virtual data 
gathering and analysis is recommended so that they can 
more actively assist student groups and faculty.  Finally, 
to foster a more cohesive online learning community, 
icebreaker activities began to be incorporated each day so 
that the members of the entire class could connect to each 
other, not just to members of their own research groups.  

The virtual Science Bootcamp CURE model is read-
ily adaptable to fit the needs of other institutions. More 
broadly, it is a feasible model for supporting students if 
bringing them to campus physically is not logistically pos-
sible. Indeed, the August experience suggests it is possible 
to design and execute an effective CURE experience, no 
matter the delivery format.
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paths, leading them to take an interest in more courses in 
different disciplines. The pandemic delayed one partici-
pant’s research on local farmers, but a conversation with 
a mentor led to new ideas about incorporating COVID-19 
impacts on local farmers into her research. Another par-
ticipant’s community-based opportunity was canceled, but 
mentoring enabled her to use this time to search for gradu-
ate school programs and provided a safe space to discuss 
her future plans frankly. Overall, many of the participants 
expressed a sincere gratitude for this mentoring approach, 
strongly recommended that other students participate in 
the program, and even appreciated simple conversations 
with mentors, especially during the disruption caused by 
the COVID-19 pandemic. 

Adapting an Interdisciplinary, Course-Based 
Undergraduate Research Experience (CURE) Course 
to an Online Format

Elizabeth A. Majka, Stacey L. Raimondi, and Merrilee F.  
Guenther
Elmhurst University, liz.majka@elmhurst.edu
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Elmhurst University has developed an interdisciplinary, 
course-based undergraduate research experience (CURE) 
funded by the National Science Foundation (NSF) that has 
been taught for the last eight years as part of the KEY-
STONE (KEYs to Success through Year ONE) Program 
(Guenther, Johnson, and Sawyer 2019). This CURE-
focused course, known as the Science Bootcamp, empha-
sizes the scientific process rather than content. Mentored 
by a faculty member, interdisciplinary teams of students 
select a topic area, develop a hypothesis, design and 
execute an experiment, draft a manuscript, and orally pres-
ent to the larger community in an on-campus poster ses-
sion. Consistent with the larger goals of the KEYSTONE 
Program, the Science Bootcamp promotes the success and 
retention of STEM students via cognitive, affective, and 
psychosocial gains (Majka et al. 2020).

In the past, the Science Bootcamp was conducted only 
during the university’s four-week January term with tra-
ditional first-year undergraduates in STEM. However, 
transfer students represent another category of first-year 
students who need tailored STEM support services, partic-
ularly as they cope with “transfer shock”—academic and 
social challenges that can undermine transfer student suc-
cess in the long term (Cejda 1994; Larkin and Elliot 2016). 
Given its success with traditional first-year students, the 
Science Bootcamp was redesigned as a two-week CURE 
in August for STEM transfer students to complete prior 
to beginning their first fall semester at the university. It is 
hoped that the August Science Bootcamp will help STEM 
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2020 citation for a public version of the platform that omits 
student data). 

It was assumed that the number of presenters would 
decrease given challenges related to COVID-19, but there 
was actually an increase in the number of student present-
ers from the previous year—from 167 to 171. More than 
500 people attended the virtual event, viewing and com-
menting on student presentations. Many attendees noted 
benefits of hosting the symposium in a virtual environment, 
including an enhanced ability to devote personalized atten-
tion to presenters (e.g., by providing links to relevant pub-
lications or websites), fewer distractions, more time to craft 
thoughtful responses, and an ability for students to keep 
track of shared resources and discussants’ contact infor-
mation that could be used for follow-up after the event. 
Post-event assessment results also indicated that hosting a 
virtual event increased access for students who otherwise 
would be unable to participate in an on-campus event. 

There were two main challenges related to the virtual 
symposium. The first was deciding on the organization 
of presentations. Post-event assessment results indicated 
that participants and attendees had different opinions on 
whether presentations should be organized by a student’s 
academic college, student’s research topic, or a mentor’s 
academic home. Although presentations will continue to be 
organized by each student’s academic college in the future, 
a virtual “program” also will be created so that topics can 
be searched in a central repository, in addition to college-
level pages. The second challenge was ensuring presenters 
responded to participants’ comments. In the future, the stu-
dents not addressing questions and comments will be con-
tacted by email to ascertain if they need additional support.

In conclusion, the university’s virtual, Canvas-based 
spring undergraduate research symposium was success-
ful in bringing student researchers and participants onto a 
relatively dynamic platform, despite the many disruptions 
of the COVID-19 crisis on university programming. Feed-
back from the event highlighted the value of continuing 
with a combined approach, using both in-person and vir-
tual, asynchronous modalities. This hybrid option will be 
explored in the future, given the newfound benefits offered 
by both methods.
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Sophie Pierszalowski, Greg Heinonen, Bethany Ulman,  
Daniel López-Cevallos
Oregon State University, pierszas@oregonstate.edu

doi: 10.18833/spur/4/1/10

For undergraduate students, presenting at a public sympo-
sium or conference is a critical component of the research 
experience that promotes confidence, builds communica-
tion skills, and presents a valuable opportunity for network-
ing (NASEM 2017). Given the recent pandemic crisis, 
higher education institutions have struggled to ensure these 
transformative events can still take place and, if they do 
happen, to provide an alternative remote event that is just 
as impactful.

Oregon State University (OSU) partnered with OSU Ecam-
pus, its online degree-granting unit, to develop a Canvas 
studio site to host a spring research symposium. Easy-to-
navigate college-level pages with discussion boards for 
each student presenter were created. Students were asked to 
(1) pre-record a three-minute lightning talk by capturing a 
voice narrative over a PowerPoint slide deck and (2) upload 
their talks, along with a written narrative, into a pre-made 
discussion board. Because the Canvas site was open to the 
OSU community for two days, participants could watch 
the presentations, pose questions, and provide comments. 
The entire university community was invited, including 
faculty mentors, undergraduate research program coordina-
tors, and upper-level leaders. Each presenter was required 
to comment on a minimum of 10 student presentations to 
foster more engaging discussions. Each discussion board 
was checked several times throughout the event to ensure 
that each presenter had received at least one meaningful 
question about their research or creative project (see OSU 

Vignettes



76 Scholarship and Practice of Undergraduate Research

also for me by keeping me updated on the big picture and 
the most emergent due dates. Since the advent of COVID-
19, all monthly group meetings are being held online 
via Slack. Additionally, to keep everyone in the group 
positively motivated and to provide a reminder that group 
members are in this together, quick pulse meetings are 
held each week. These check-ins allow for status updates 
of personal (mental and physical) as well as project health. 
They have been so well received that I intend to continue 
them post-pandemic. Overall, these apps have helped the 
research group and me stay on task as well as remain 
upbeat and motivated during this unparalleled event.
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In summer 2020, North Carolina A&T State University 
and Elon University were poised to debut their Research 
Experiences for Undergraduates (REU) program in math-
ematical biology funded by the National Science Founda-
tion (NSF). However, as COVID-19 continued to spread, 
it became evident that a residential program would not be 
feasible.

When NSF issued guidance on options for the program, 
student participants already had been accepted. The pro-
gram could have been canceled or postponed, but the 
directors decided to hold the program virtually so that stu-
dents would have the opportunity. Although the directors 
did not have experience running a virtual program, they 
learned from the experience and have recommendations 
for program directors in similar situations.

Take the Risk 
Running a summer program virtually is intimidating. 
Mistakes were made, but opportunities were provided for 
students during a challenging time when many programs 
canceled. The students were very appreciative, and the 
opportunity may have outweighed the mistakes. 

The Importance of Apps during COVID-19

Aimée Tomlinson
University of North Georgia, aimee.tomlinson@ung.edu

doi: 10.18833/spur/4/1/15

Prior to the social distancing order that occurred in March 
2020, my undergraduate collaborators and I at the Univer-
sity of North Georgia were very fortunate to have already 
incorporated a number of apps into our research. Similar to 
Microsoft Teams (MT), the Slack app (Slack n.d.) allows 
for sharing documents, facilitating conference calls (with 
the paid version), sending direct messages, and providing 
change notifications. Additionally, Slack offers more than 
1400 additional apps than MT and is compatible with Win-
dows (W), OS X (O), iOS (i), Android (A), and Linux (L). 

Prior to Slack, new students received assistance from 
myself and a seasoned research student and were given a 
copy of a training PowerPoint of 150 slides that includ-
ed video and visual training modules. Once the switch 
was made to the Slack workspace, the PowerPoint was 
replaced with a set of more relatable “wiki-like” pages 
that are generated and stored in Dropbox Paper (Dropbox 
Paper n.d.; similar to Google Docs with a sleek modern 
look; WOiAL), which automatically syncs to a Slack 
channel with how-to information. Slack has allowed the 
students (even the more introverted) to freely communi-
cate through direct messaging and conference calls as well 
as to share and discuss documents on nearly any device. 
When issues or questions arise, I receive notifications on 
all my electronic devices, thereby allowing for responses 
in real time. 

A next step was the Asana app (Asana n.d.; WOiA), where 
I am able to assign, oversee through a Kanban board 
(task lists sorted by “Overview,” “To Do,” “In Progress,” 
“Completed,” and “Findings”), and attach deadlines for 
each student project. These tools work wonderfully as long 
as each student utilizes them (i.e., searches through the 
Dropbox Paper wikis first when questions arise). There are 
times when notifications in the Slack app are not turned 
on by the students, leading to missed action items, or an 
assigned task may not have been moved into the correct 
column within the Asana Kanban board, thereby produc-
ing incorrect project status reports. Recently, a switch 
was made from Asana to Clickup (Clickup n.d.; WOiAL), 
which furnishes a host of other organizational options, 
apps, and daily reminders of tasks that are due, overdue, 
or upcoming. Since there is a paid Clickup subscription, 
the team has been encouraged to utilize this organizational 
tool outside of research in which a goal may have multiple 
tasks and due dates. 

These apps have been game changers in terms of organi-
zation and productivity not just for the research group but 
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Over the past 20 years, Rollins College has supported 
collaborative undergraduate research between students 
and faculty, which has resulted in consistent success, as 
evidenced by countless peer-reviewed publications and 
conference presentations (Rollins College n.d.). Due to the 
COVID-19 pandemic, the authors, who have expertise in 
acoustics, optics, and astrophysics, decided to pivot from 
the experimental components of their research and focus 
instead on computational studies. Many of their usual 
research practices were adapted, creating new techniques 
to optimize the remote research experience for their under-
graduate students.

A great deal of teaching occurs during summer research, 
whether that is demonstrating the application of skills 
learned in coursework, developing techniques specific to 
an area of research, or instilling skills and best practices 
for any research lab. Prior to the pandemic, these under-
graduate research collaborations typically consisted of 
eight-hour days over eight weeks in the summer. During 
the disruption, modifications due to the pandemic resulted 
in a shift to remote discussions for a few hours each day 
and research extending across the entire summer.
The students were asked to work more independently and 
on their own time frame. These changes resulted in much 
more deliberate growth in their time management skills 
and skills as independent researchers who take ownership 
of their work.

Table 1 lists several potential barriers to remote research 
alongside the authors’ solution(s). As seen in Table 1, net-
working and communication web tools needed to be used, 
as well as approaches to thoughtful discussions that would 
normally occur spontaneously throughout research. These 
tools have allowed them to mimic working together with 
the students in the same laboratory space, whether that 
was discussing code or analysis software, results of the 
studies, or next steps and guidance for the next research 
stage. In many ways, meeting applications allowed the 
replication of much of a “normal” summer of research.

With this model, the authors hoped to foster independence 
while maintaining a level of accountability. One author 
elected to use Toggl (Toggl n.d.) to help students keep 
track of their schedules and project time. Students noted 
a small increase in their time management. As most of 
the students participated in research prior to this remote 
work, they may have already developed strong personal 
accountability in regard to managing their time.

Spend Time on Community Building
Students in residential programs naturally spend a con-
siderable amount of time together. Often students can 
brainstorm in one location and head down the hall to meet 
with a mentor at a moment’s notice. Personal connections, 
which foster strong collaborations, are difficult to establish 
through virtual meetings. Open communication is neces-
sary for those working on group projects. Online activities 
such as game nights may seem unnecessary at first, but 
non-academic interaction can bring a sense of normalcy to 
an otherwise unusual situation.

Plan Technological Interaction 
Although mentors have recently increased usage of online 
meeting platforms, many are still learning how to use these 
platforms most efficiently. Students successfully collabo-
rated through online resources such as formatting using 
LaTeX through overleaf.com, programming in Matlab® 
through mathworks.com, and sharing files through Google 
Drive. Still, more versatile venues should have been estab-
lished for student discussion. Consulting an institution’s 
technological center before beginning an online program 
may be advisable to ensure that meeting “spaces” will 
match programmatic goals. For example, virtual spaces 
were needed for each research team. Breakout rooms in 
Zoom were attempted, but the required hosting duties 
resulted in hindrances to students meeting at times conve-
nient for them. University technology experts would likely 
have provided suggestions about more suitable ways to 
achieve desired “spaces.”

Consider Different Program Models 
The community and personal mentoring of typical REU 
programs cannot be completely reproduced in a virtual 
setting. However, students in the NCA&T-Elon program 
were able to gain research experience in mathematical 
biology and strengthen their communication skills through 
weekly oral presentations and collaborative papers. Per-
haps some programs could be created that provide a hybrid 
experience combining shorter residential programs with 
virtual elements. Such programs could be offered when 
less funding is available, leading to more opportunities 
for students.

The next NCA&T-Elon REU program is planned to be in-
person, but the situation will be adapted as needed to offer 
undergraduate research opportunities.
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Undergraduate English majors have a reputation as strong 
writers, close readers, and critical thinkers. COVID-19 
also forced English students interning, conducting digital 
research, and producing a literary journal to hone disci-
plinary skills in editing, revision, web design, and publica-
tion production, as well as “soft skills” (Indeed 2020) such 
as effective communication, organization, teamwork, and 
adaptability. 

The University of Cincinnati’s literary journal, Short 
Vine, publishes fiction, literary nonfiction, poetry, art, 
photographs, and hybrid forms created by undergraduates 
around the country. When the university abruptly closed 
and began remote instruction in March 2020, students 
immediately issued a call for manuscripts for the special 
issue “Quarantine Chronicles” (University of Cincinnati 
2020).

“The transition to online was abrupt and initially provided 
many challenges,” said University of Cincinnati third-year 
student Leah Boehner, who edited and contributed to the 

A new feature was an electronic lab notebook system in 
which detailed documentation of each student’s experi-
ments could be easily and quickly shared. Although none 
of the students had previously used such a system, both 
faculty and students found the digital notebooks to be 
exceptional, with students, in particular, finding that their 
use of a notebook had greatly improved (in frequency and 
quality). Digital lab notebooks will continue to be used 
in the labs.

The biggest worry was that “soft” skills such as presenting 
research, finding research articles, and planning research 
would be lost. To prevent any deficiencies, a research 
skills seminar was created that was held once each week 
via WebEx (WebEx n.d.). Faculty took turns presenting 
and discussing these topics. This seminar provided an 
opportunity for faculty and students to meet together in 
a different type of departmental research community. 
This seminar model was extremely successful, and it will 
become a permanent addition to the research design.
The best has been made out of a situation that is not ideal. 
Still, several deliberate practices were created that will 
continue into the time where “traditional” research can 
be conducted.
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Foreseen barriers to 
successful online research 
collaborations

Tools used as potential 
solutions

Decrease in individual and 
group communication within 
a lab

Slack (Slack n.d.), Microsoft 
Teams (Microsoft n.d.b), 
WebEx (WebEx n.d.)

Decrease in research skills 
gained

Research skills seminars

Lack of research/lab meeting 
space

Microsoft Teams (Microsoft 
n.d.b), WebEx (WebEx n.d.)

Decrease in opportunity to 
teach by example

Research skills seminars, 
WebEx (WebEx n.d.)

Students will be responsible 
for time management

Toggl Track (Toggl n.d.), 
research skills seminars

Lack of opportunity for student 
presentation skills

Research skills seminars, 
WebEx (WebEx n.d.)

Keeping a lab notebook
Research skills seminars, 
OneNote (Microsoft n.d.a) / 
Google Docs (Google n.d.)

TABLE 1. Problems and Solutions to Virtual Research  
Collaborations
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Fourth-year student Alexis Robinson as well as the art and 
photography team were responsible for the cover design, 
artwork displayed within the issue, and passages about the 
artists and their work. Robinson said, “It’s very easy to 
stay entrenched within your own perspective, especially 
when your home becomes your office and sole bubble of 
existence during quarantine; scheduling time to listen to 
teammates’ input in their own voices via a group video call 
is not only reassuring but vital.”

English majors are also known for their creativity, and the 
pandemic forced students to exercise theirs not only with 
the journal but also in other settings.  Interns’ work in writ-
ing, editing, and managing social media turned out to be a 
natural fit for the remote workplace. Students in a service-
learning course curated a Facebook page documenting the 
pandemic experiences of college students. Overall, lessons 
learned in the English discipline became even more valu-
able during the pandemic. 
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special issue. “We lost vital time during spring break and 
the following weeks learning the best way to navigate 
through the pandemic. With deadlines tighter than ever, 
our team needed to come together quickly to compile a 
plan and execute it.”

The issue included a poem that opened, “Who knew the 
end of the world would be this sunny?” (Hornikel 2020). 
Short fiction pieces were aptly titled “Cancelled” (Hier-
mann 2020), “Grocery Shopping” (Cohen 2020), and 
“Love in a Time of Covid” (de la O 2020). Boehner’s 
nonfiction essay “Land of the Free, Home of the Stubborn” 
(2020, 36) expressed her vulnerability when “absolutely 
nothing seems safe anymore . . . . people older than 65 
walk up and down the aisles of the grocery store with no 
protective gear [, . . . .and] the shelter in place guidelines 
in my state are largely disregarded by many.”

Professor and faculty adviser Kristen Iversen said that 
students were “overwhelmingly enthusiastic . . . They 
recognized how powerful and timely it would be to do an 
issue focused on student experiences of quarantine and the 
coronavirus, and they understood how important it was to 
get these voices and experiences on the page and out into 
the world in a timely manner.” Iversen implemented a web 
conferencing system of meetings that began with short 
roundtables, allowing each student to talk for a minute or 
two on topics such as personal safety and ability to obtain 
household essentials, moving next to discussion of a time-
table for brainstorming, web design, content editing, and 
journal design.

In addition to providing students with what Iversen calls “a 
new focus and direction that indeed may have helped them 
cope with that difficult time” and hard skills in editing and 
webpage design, producing the “Quarantine Chronicles” 
issue taught students valuable soft skills such as analyzing 
and appreciating art and photography; communicating pro-
fessionally with authors and artists; and thinking clearly, 
particularly in a time of crisis.
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Merinda Kaye Hensley and Stephanie Davis-Kahl publish 
at the intersection of academic libraries and undergraduate 
research, and Undergraduate Research & the Academic 
Librarian: Case Studies and Best Practices constitutes a 
natural next step in their scholarship. The book explores 
ways to amplify and showcase best practices for collabo-
rations between librarians and undergraduate researchers, 
inspiring and strengthening these partnerships.

The book begins with a foreword by George Kuh that 
situates undergraduate research within the context of high-
impact practices (HIPs). Although Kuh speaks directly to 
librarians, disciplinary faculty and their colleagues who 
work in undergraduate research offices will find his mes-
sage equally valuable. 

Hensley and Davis-Kahl follow with an overview of their 
efforts as librarians to support and enhance undergradu-
ate research, stating that “UGR [undergraduate research] 
has high expectations of students; hence, there is a clear 
role for librarians to engage with faculty and students as 
the library is positioned to reach and mentor information 
literacy skills and issues, central tenets of the research 
process” (xxiii). In articulating this role for libraries and 
librarians in undergraduate research experiences, they 
prime readers to explore such collaborations in support 
of student research. They conclude the introduction by 

emphasizing that this work is accomplished through rela-
tionships, encouraging readers to examine the elements of 
undergraduate research at their institutions.  

Cases span a range of topics such as undergraduate 
research within the curriculum, exhibitions and symposia, 
undergraduate research journals, and ways of supporting 
honors theses. Cases involve a range of disciplines with 
several chapters devoted to the humanities and digital 
scholarship. They follow the outline of introduction, back-
ground, partnerships, reflection, assessment, recommen-
dations/best practices, and conclusion. The format makes 
each chapter easy to follow and digest, allowing readers 
to skim the introduction or skip, for example, directly to 
partnerships or assessment. 

The case studies are written by librarians, disciplinary 
faculty, program coordinators, and undergraduate students 
at 29 institutions in the United States and Canada—public 
and private, large and small, two-year and four-year. This 
diversity provides readers with the opportunity to learn 
about programs and initiatives in multiple settings and find 
a model applicable to their own environment.

As noted in another review (Szpunar 2018), the book 
could have been enhanced by organizing the case stud-
ies around major themes or including a functional index. 
Still, the book will assist those looking for new ideas for 
collaborations that will provide meaningful undergraduate 
research experiences. As Hensley and Davis-Kahl state 
in the introduction, “For UGR to be successful program-
matically, and for students to be successful undergraduate 
researchers, the services that undergird UGR—like the 
library (but also institutional review boards, grant writ-
ing, etc.)—become part of the core infrastructure of the 
undergraduate experience” (xxiii). This book will provide 
insight into how to build and sustain this infrastructure.  
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