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ARTICLE

ABSTRACT
Course-based undergraduate research experiences (CUREs) integrate an authentic research 
experience for students into a laboratory course. CUREs provide many of the same benefits 
to students as individual faculty-mentored research experiences. However, faculty expe-
riences in teaching CUREs are not as well understood. There are no studies that compare 
faculty’s anticipated experiences to actual experiences, and little comparison of the faculty 
experience by institution. Through interviews with eight biology faculty from four institu-
tions, the faculty experience in implementing a CURE in an introductory biology laborato-
ry was explored using qualitative analysis. Institutions included: a small, minority-serving, 
women’s, primarily undergraduate university; a small, residential, primarily undergraduate 
college; a midsized doctoral university; and a large community college. Interviews were 
conducted at three time points: before professional development (PD), after the initial 
semester of teaching the CURE, and after teaching the CURE at least twice (1 year later). 
Faculty described resources, benefits, challenges, and feelings about teaching the CURE. 
However, anticipated experiences were often not the same as those actually experienced. 
There were also institutional differences in resources, benefits, challenges, and feelings. 
Implications for CURE PD include specific content such as strategies for teaching effective 
research group work, development of student proposals, and student time management.

INTRODUCTION
Undergraduate research experiences (UREs) benefit participants through an increased 
understanding of the scientific process and content, as well as providing for the devel-
opment, or expansion, of technical skills related to the process of research (Sadler and 
McKinney, 2010; Fechheimer et al., 2011; Rodenbusch et al., 2016; National Acade-
mies of Sciences, Engineering, and Medicine [NASEM], 2017). As a result, UREs 
improve student persistence in science (Jones et al., 2010) and lead to increased atten-
dance in graduate school science programs (Russell et al., 2007; Carter et al., 2009).

Notably, positive URE outcomes extend to “persons excluded [from STEM] due to 
ethnicity or race” (PEER; Asai, 2020) students (Nagda et al., 1998; Carter et al., 
2009; Jones et al., 2010) and are often a key academic experience that leads to 
greater persistence for PEERs (Espinosa, 2011; Chang et al., 2014; Estrada et al., 
2018; Hernandez et al., 2018). Unfortunately, UREs are not available to the majority 
of students majoring in science due to limits on faculty time, institutional space, and 
financial support (Wei and Woodin, 2011; Spell et al., 2014; McDonald et al., 2019). 
It is also apparent that PEER students face difficulties in obtaining a faculty-men-
tored research experience (NASEM, 2017), as these students may have less aware-
ness of URE opportunities or little knowledge of the expectations and benefits of 
UREs (Bangera and Brownell, 2014). Additionally, PEER students are more likely to 
report lower socioeconomic status, requiring this group to seek full- or part-time 
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employment that interferes with out-of-class activities 
(Bangera and Brownell, 2014).

Course-based undergraduate research experiences (CUREs) 
are a possible solution to these problems (Wei and Woodin, 
2011; NASEM, 2017). Founded on the empirically demon-
strated benefits of participation in undergraduate research, 
CUREs are curricula developed to bring authentic research into 
the classroom environment. While the definition of exactly 
what is required in a CURE varies among researchers, it is gen-
erally accepted that CUREs incorporate discovery of new knowl-
edge about a relevant scientific problem using established scien-
tific practices (Harrison et al., 2011; Auchincloss et al., 2014; 
Linn et al., 2015; NASEM, 2015). CUREs often incorporate the 
practice of iteration, giving students the opportunity to do 
experiments more than once in pursuit of their research goals 
(Auchincloss et al., 2014). Like modern research, CUREs usually 
involve student collaboration (Auchincloss et al., 2014). To 
date, CUREs have been developed for all levels of undergradu-
ate students, course sizes, and many scientific disciplines 
(for some examples, see CURENet, https://serc.carleton.edu/
curenet/collection.html).

CUREs result in student benefits similar to those observed 
with participation in faculty-mentored research: increased 
self-confidence and self-efficacy, development of a science iden-
tity, increased academic performance, science process skills, and 
STEM persistence (Corwin et al., 2015; Shapiro et al., 2015; 
Olimpo et al., 2016; Hanauer et al., 2017; Gin et al., 2018). 
Because a CURE occurs during a regularly scheduled laboratory 
course, it allows more students to participate in URE without 
having to actively find a research mentor, funding, or out-of-class 
time (Bangera and Brownell, 2014). In addition, CUREs can be 
deployed on a large scale, impacting more students than an indi-
vidual faculty member can mentor within their own research 
lab, thereby increasing student accessibility and inclusivity (Wei 
and Woodin, 2011; Bangera and Brownell, 2014; Rodenbusch 
et al., 2016; McDonald et al., 2019; Shuster et al., 2019).

Faculty who implement CUREs are categorized into two 
broad categories: those who develop a CURE (CURE develop-
ers) and those who teach a CURE developed by someone else 
(network CUREs; Shortlidge et al., 2017; Genné-Bacon et al., 
2020). CURE developers often adapt their own research for a 
CURE context when developing their CURE (Shortlidge et al., 
2017), while network CUREs are often initiated through a 
national support system (Shortlidge et al., 2016, 2017; Gen-
né-Bacon et al., 2020). There is some evidence that challenges, 
benefits, and supports during CURE instruction differ some-
what by type of CURE faculty (Shortlidge et al., 2016, 2017; 
Genné-Bacon et al., 2020).

Faculty Experiences Teaching a CURE
Although student impacts in CUREs are documented, the fac-
ulty experience while implementing this best practice is not as 
well understood (NASEM, 2017). Understanding faculty expe-
riences is important for increasing participation in CUREs. The 
majority of the faculty experiences documented have been bar-
riers to the implementation of CUREs. These barriers can 
include time constraints, large class size, number of sections, 
financial considerations, lack of technical and administrative 
support, learning new teaching methods, and departmental or 
institutional support (Govindan et al., 2020; Lopatto et al., 

2014; Spell et al., 2014; Goedhart and McLaughlin, 2015; 
Hensel and Cejda, 2015; Shortlidge et al., 2016; Craig, 2017; 
Roberts et al., 2019). Most of these challenges were found in 
some, but not all studies. Particularly contradictory are findings 
related to colleague, department, and institutional support. 
Some network CURE studies found these to be a challenge 
(Lopatto et al., 2014; Craig, 2017), while certain CURE devel-
oper studies reported the opposite (Spell et al., 2014; Shortlidge 
et al., 2016). Time constraints expressed as workload, balanc-
ing the multiple responsibilities of a faculty member, prepara-
tion time, and time for students to complete the CURE during 
the laboratory course were reported as challenges throughout 
these studies. Additionally, CURE developers reported finding a 
research project amenable to the CURE setting to be a challenge 
(Shortlidge et al., 2016), while those in network CUREs often 
report the need to learn new technical skills and subject matter 
as challenging (Lopatto et al., 2014; Craig, 2017; Genné-Bacon 
et al., 2020). Student participants also face challenges in the 
implementation of a CURE: students can be resistant to the 
change in learning that a CURE represents, can lack interest, 
can be underprepared for the research context, and can find 
research to be frustrating (Lopatto et al., 2014; Spell et al., 
2014; Shortlidge et al., 2016; Genné-Bacon et al., 2020).

To help combat challenges in CUREs, a variety of teaching 
resources and support for teaching a CURE are often included in 
network CURE research, but not in CURE developer studies 
(Lopatto et al., 2014; Wolkow et al., 2014; Craig, 2017). The 
centralized system of network CUREs provides the faculty with 
scientific protocols, teaching resources, and assessments 
(Lopatto et al., 2014; Wolkow et al., 2014; Craig, 2017). Net-
work CURE faculty find professional development (PD) work-
shops to be valuable, as well as providing a community of fac-
ulty for them to consult (Lopatto et al., 2014; Craig, 2017). 
When sharing a CURE with local community colleges, CURE 
developers found that they needed to provide support through 
PD, scientific background material, additional equipment train-
ing, and separate training for support staff surrounding labora-
tory preparation and setup (Wolkow et al., 2014).

A few studies have examined why faculty persist in teaching 
CUREs despite the challenges. Faculty persist due to their per-
ception of the benefits of CUREs for their students (Lopatto 
et al., 2014; Shortlidge et al., 2017; Genné-Bacon et al., 2020). 
Faculty place a high importance on students gaining valuable 
learning, skills, and engagement from participation in an 
authentic research experience (Lopatto et al., 2014; Shortlidge 
et al., 2017; Genné-Bacon et al., 2020). They perceive that stu-
dents learn content, science process skills, and technical skills 
(Lopatto et al., 2014; Shortlidge et al., 2017; Genné-Bacon 
et al., 2020). Another commonly reported benefit is increased 
student engagement and motivation (Lopatto et al., 2014; 
Shortlidge et al., 2017; Genné-Bacon et al., 2020). Other per-
ceived student benefits include skills transferable to future 
careers (Lopatto et al., 2014; Shortlidge et al., 2017), improved 
retention in STEM fields (Shortlidge et al., 2017), and enjoyable 
and meaningful student experiences (Shortlidge et al., 2017).

Faculty-centered benefits common between network CUREs 
(Lopatto et al., 2014) and CURE developers (Shortlidge et al., 
2016) include contributions to their scientific fields, keeping 
current with their scientific fields, and career enhancement. In 
a network CURE, Lopatto et al. (2014) also found that the 
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faculty enjoyed the scientific community and feasibility of a 
network CURE. CURE developers reported many benefits to 
their research programs, such as collecting pilot data for grants; 
increased publications; recruiting trained students; and merg-
ing teaching, research, and service expectations (Shortlidge 
et al., 2016). In a study with both CURE developers and net-
work CUREs, faculty found teaching CUREs to be rewarding, 
fun, stimulating, and enjoyable (Shortlidge et al., 2017). Fac-
ulty enjoyed their interactions with students and watching 
them during the process of discovery. CUREs also provided 
these faculty with a course that matched their science identities 
(Shortlidge et al., 2017).

Diffusion of Innovations Theoretical Framework
Rogers’s The Diffusion of Innovations (2003) as adapted by 
Andrews and Lemons (2015) for college science instruction 
provides a framework for understanding the adoption process 
of CUREs (Figure 1). The process starts with a situation of 
dissatisfaction (or satisfaction) with current teaching prac-
tices, but no changes in teaching occur. Given the high 
demands on faculty time, there must be a reason to move into 
the decision process (prioritization, Figure 1). Once a change 
in teaching is prioritized, the adoption process begins. The 
faculty must be introduced to a possible new teaching strat-
egy. Once an individual is made aware of the existence of an 
innovation, the newness of the innovation generates a high 
degree of uncertainty in the individual—particularly about the 
innovation’s cost, relative advantages, and shortcomings and 
its applications within the context of the individual’s circum-
stances (knowledge, Figure 1). To reduce the degree of uncer-
tainty, the individual enters a period of information gathering, 
and in the course of attaining knowledge about the innova-
tion, forms an attitude toward it (persuasion/decision, Figure 
1). Once the initial decision to try the innovation is made, 
then implementation of the new teaching strategy occurs 
(implementation, Figure 1). During this process, the faculty 
member continues to assess the experience, gathers more 
knowledge, and reflects on how well the new teaching strat-
egy is meeting goals (reflection, Figure 1). The end objective 
of this innovation–decision process is to evaluate the innova-
tion and determine whether to adopt or reject it. Andrews and 
Lemons proposed that, in college science instruction, this is a 
cyclical process in changing teaching. However, an innovation 
may be discarded at any point in this process (Rogers, 2003). 
A major point in this process is the implementation stage. For 
CURE faculty, this occurs the first time they teach the CURE. 
They are most likely to compare it to their prior laboratory 

teaching experiences, evaluate how it meets their initial goals, 
and determine what changes they may want to make if they 
decide to adopt it.

Within the limited faculty perspective literature, most 
research studies were done from a postimplementation per-
spective and do not compare faculty experiences from an insti-
tutional perspective (e.g., Lopatto et al., 2014; Wolkow et al., 
2014; Shortlidge et al., 2016; Craig, 2017; Roberts et al., 
2019). Additionally, this research captured the faculty experi-
ence at a single point in time. Usually faculty CURE research 
was conducted through surveys or interviews with participants 
after they had taught a CURE at least once. Although Gen-
né-Bacon et al. (2020) conducted interviews before faculty 
taught the CURE, it was also an investigation at a single time 
point. Retrospective or prospective studies capture the CURE 
faculty members’ perception at one time point. However, it is 
important to consider how faculty members’ perspectives 
change during the process of implementing a CURE. All CURE 
faculty studies aggregated results from a variety of institutional 
types, except Spell et al., who disaggregated their data by insti-
tution type. They found there were differences in the impor-
tance of barriers by institution type including: lack of equip-
ment was less important at liberal arts colleges, the time 
needed to develop new research was less important at compre-
hensive and research universities, class size and number of sec-
tions was of less importance at liberal arts colleges and com-
prehensive universities, and student preparation was of less 
concern at liberal arts colleges. They also compared minori-
ty-serving (MSI) and White-majority institutions and found 
several differences between them. Lack of prep support, admin-
istration support, facilities, equipment, time, and effect of stu-
dent evaluations were more important at MSIs than at 
White-majority institutions. Faculty at public institutions found 
lack of equipment, student preparation, and number of lab sec-
tions more important than at private institutions. These results 
indicate that institution type can provide different challenges 
for faculty teaching CUREs, but there has been no other com-
parison of other faculty experiences between institution types.

Using a network CURE, this study investigates the experi-
ences of faculty from four different institutions at multiple time 
points in the process of adopting a CURE in order to compare 
the anticipated and actual experiences of faculty who imple-
ment a CURE for the first time. Additionally, this study will pro-
vide a comparison of the faculty experiences at four different 
institution types: a small women’s MSI; a small liberal arts col-
lege; a medium-size doctoral university; and a large community 
college.

FIGURE 1. The innovation decision process in college science instruction. Andrews and Lemons (2015) faculty decision process framework 
for the adoption of new pedagogical techniques among college science instructors. There are two main phases: not changing teaching 
and changing teaching. College instructors need a prioritization event to move from not changing teaching to changing their teaching by 
potentially adopting a new pedagogical innovation.
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Research Questions (RQ)

1. What are faculty experiences during the implementation of 
a network CURE curriculum?

2. How do faculty’s anticipated and actualized experiences 
compare?

3. How do the faculty in four institutions experience CURE 
implementation?

METHODS
Tigriopus CURE Context
The Tigriopus CURE was developed using the five elements of a 
CURE (Auchincloss et al., 2014) along with supplemental 
instruction from the lecture content (see Fisher et al., 2018 for 
a full description of the CURE and teaching materials). It is 
focused on answering basic questions about the copepod Tigrio-
pus californicus. Teams of four students spend the first 6 weeks 
of this laboratory course learning basic skills needed to study 
copepods while developing a research question and proposal. 
The rest of the semester is spent investigating their research 
questions and presenting their results. Students in the Tigriopus 
CURE have shown improved attitudinal and learning outcomes 
(Olimpo et al., 2016). While not a large national CURE, as 
implemented in this study with a team of experienced faculty 
and grant support, the Tigriopus CURE is a network CURE.

Grant-Provided Supports
This project was supported by a National Science Foundation 
(NSF) grant. Grant staff members included three faculty and 
one graduate student. CURE faculty participants were provided 
4 days of face-to-face PD during the summer before they began 
teaching the Tigriopus CURE. The PD explored active learning, 
CURE pedagogy, how to grow and maintain the organism T. 
californicus, literature on T. californicus, and technical expertise 
for research with this organism. Monthly virtual meetings 
between the grant staff and faculty participants were conducted 
during the academic year. Additionally, the grant staff members 
were available for questions via email or phone. Financially, the 
grant provided a stipend for the faculty to collect student data, 
travel to the PD, and buy any equipment needed to do research 
with T. californicus.

Authors’ Involvement in Tigriopus CURE
S.E.D.-P. was not involved in the development of the CURE, but 
was involved in the characterization of student outcomes 
during the development of the Tigropus CURE (Olimpo et al., 
2016). She was a co–principal investigator (co-PI) on the NSF 
grant that funded this research. She was involved in the devel-
opment and implementation of the summer PD, but did not 
participate in the follow-up meetings. S.E.D.-P. developed the 
interview protocols for all three interviews and conducted the 

interviews. N.L.S. was not involved in the development of the 
Tigriopus CURE or PD of faculty teaching the CURE. She joined 
the project postimplementation.

Participants
Participants in this study include higher education faculty from 
four institutions who were recruited to implement the network 
Tigriopus CURE (Table 1). Names of institutions and partici-
pants were changed to preserve their anonymity.

Private College. Private College is a small, private, residential 
college of about 1500 students. Biology is the second-largest 
major, with nine faculty in the biology department. Three fac-
ulty members participated in the PD. Jennifer is a cell and mole-
cular biologist with 14 years of teaching experience. Linda is a 
neuroscientist with 10 years teaching experience. Karen is an 
ecologist with 3½ years of teaching experience. All three taught 
this laboratory course previous to teaching the CURE and 
attended the summer PD. There was a fourth faculty member 
who also taught the CURE but was not present at the PD and 
did not participate in this research project.

MSI University. MSI University has the smallest science depart-
ment in this study sample, with Mary being one of three biology 
faculty in the science department. MSI University is a private 
women’s MSI with an undergraduate population of <1400 stu-
dents who commute to campus. Mary was a behavioral ecolo-
gist and had 20 years of teaching experience at three different 
institutions. She previously taught the course and attended the 
summer PD.

Master’s University. Master’s University is a private university 
of about 11,000 students, 40% of whom are PEER students, 
with about one-third residing on campus. Biology is the largest 
major on campus. The biology department at Master’s Univer-
sity is the only one in this study with a graduate program (mas-
ter’s degree). There are about 20 full- and part-time biology 
faculty in the department. Master’s University faculty did not 
receive the summer PD, as they were added to the grant research 
after the summer PD occurred. However, the faculty had access 
to the grant staff for help in setting up and teaching the CURE. 
The CURE was taught by a mixture of faculty and graduate 
teaching assistants. Two faculty consented to be interviewed. 
Sandra is a biology education researcher with 8 years of aca-
demic teaching experience and an additional 4 years of envi-
ronmental education and outreach. David is a behavioral ecolo-
gist with 12 years of teaching experience. Both taught the 
course previously.

Community College. Community College is a community col-
lege with a student population of about 31,000. Approximately 

TABLE 1. Description of institutions and faculty participants in a network CURE

Institution CURE faculty participants Carnegie classification Number of students

Private College Jennifer, Linda, Karen Bachelor’s 1500
MSI University Mary Master’s 1400
Master’s University Sandra, David Doctoral 11,000
Community College Lisa, James Associate’s 31,000
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two-thirds of the students are either dually enrolled high school 
students or basic skills–workforce development students. The 
students are spread across multiple campuses, community loca-
tions, and online instruction. These commuter campuses con-
tain a student population that is 67% White and under 20 years 
of age. There are about 50 full- and part-time biology faculty 
members spread across three campuses. Lisa had 6 years of lab-
oratory teaching experience, but did not teach lecture courses. 
She had work experience in the medical field, but her graduate 
work was in ecology. Lisa implemented the CURE in a new 
introductory course on biology structure and function. She 
attended the summer PD. During the fourth week of the CURE 
semester, Lisa took a different position, and James took over 
teaching the CURE. James is an ecologist with 9 years teaching 
experience and did not participate in the summer PD.

Interview Protocol
Eight faculty members were asked to consent to interviews 
about their expectations and experiences in implementing the 
Tigriopus CURE. Between one and three faculty at each institu-
tion were interviewed, which represented up to 100% of the 
faculty who taught the CURE at each institution. Interview 
questions were developed with Roger’s (2003) Diffusion of 
Innovations as a theoretical foundation and from prior litera-
ture as part of a larger study of the decision-making process in 
CURE adoption. Participants were interviewed by telephone 
and recorded before the PD (pre-PD), after their first comple-
tion of the semester-long Tigriopus CURE course (postimple-
mentation), and after teaching the CURE a second semester 
(postadoption; Table 2). The pre-PD interview questions 
focused on participants’ background, teaching experiences, 
research experiences, knowledge of student-centered teaching 
practices, decision processes based on Roger’s framework, and 
expectations for summer PD (pre-PD interview questions are 
provided in the Supplemental Material). The postimplementa-
tion interview focused on the participants’ teaching experience 
in the CURE and decision processes based on Roger’s frame-
work (postimplementation interview questions are provided in 
the Supplemental Material). Postadoption interviews were 
conducted after interviewees had taught the CURE at least 
twice and focused on experiences teaching the CURE, decision 
processes based on Roger’s framework, and curricular changes 
(postadoption interview questions are provided in the Supple-
mental Material). Questions for the postadoption interview 
were also informed by themes that emerged from the pre-PD 
and postimplementation interview analysis. For the partici-
pants who joined the project after the summer PD (Sandra and 
David from Master’s University and James from Community 
College), retrospective interviews were conducted. For retro-

spective interviews, questions from the prior interview proto-
cols were added and posed from a retrospective perspective. At 
Private University, Jennifer and Karen were interviewed at all 
three time points, but Linda was on extended leave the second 
time the CURE was taught and so did not participate in the 
postadoption interview (Table 2). At MSI University, Mary died 
unexpectedly after teaching the CURE; therefore, the post-
adoption interview was not conducted (Table 2). At Commu-
nity College, James declined to be interviewed at the postadop-
tion interview. Interviews were transcribed and analyzed in 
NVivo v. 12.

Analysis
Initial coding was undertaken after the first two sets of inter-
views were finished (pre-PD and postimplementation; Table 2). 
Three predetermined categories from the literature that 
informed the questions were 1) benefits, 2) challenges, and 3) 
resources in implementing the CURE. With this literature base 
in mind, two coders (S.E.D.-P. and N.L.S.) read through several 
interviews and developed possible codes from the data that 
described the experience of implementing the Tigriopus CURE. 
Then the coders met to discuss those codes and refine them. A 
coding unit was a set of text that contained one idea. Each 
interview could have multiple instances of each code. This pro-
cess was completed iteratively until all 10 interviews were 
coded. Codes were grouped into themes in a hierarchical man-
ner, developing a codebook (Creswell, 2002, 2007; Creswell 
and Plano Clark, 2011). Codes from at least two institutions 
were required to establish a theme. A fourth category about 
feelings emerged from the data as distinct from the other three 
categories. After the postadoption interviews were completed, 
the coders applied the codebook to the new interviews and 
looked for any new codes. This process was again done itera-
tively until coding saturation was reached (Creswell, 2002; 
Codebook, Supplemental Table S1). At this point, both coders 
rested the data for 3 months (Mackey and Gass, 2016) and then 
began a final coding of all interview transcripts using the cod-
ing book previously developed. After two interviews were coded 
by each coder, interrater reliability was determined, any incon-
sistencies were discussed, and the coding was decided. This 
process was repeated until the coders reached an interrater reli-
ability of κ > 0.8. The rest of the interviews were then divided 
between the two coders and coded individually. Any questions 
that arose while coding those interviews were discussed 
between the coders, and coding was decided. As a final validity 
check, a draft of the results was sent to each participant, with 
the exceptions of Lisa (new contact information was not avail-
able) and Mary (who was deceased), to ensure clear represen-
tation of what they said about teaching the CURE.

TABLE 2. Faculty interviewed at each time point

Institution Pre-PD Postimplementation Postadoption

Private College Jennifer, Linda, Karen Jennifer, Linda, Karen Jennifer, Karen
MSI University Mary Mary
Master’s University Sandra,* David*
Community College Lisa James*
Number of interviews 5 5 4

*Retrospective interviews.



21:ar70, 6  CBE—Life Sciences Education • 21:ar70, Winter 2022

S. E. DeChenne-Peters and N. L. Scheuermann

Once the interviews had been completely coded, compari-
sons for RQ2 and RQ3 were completed using cross tabulation in 
NVivo v. 12. For RQ2, time-point cross tabulation between the 
pre-PD and postimplementation (not postadoption) was com-
pleted for each subtheme (or theme, if there were no sub-
themes). This represents five interviews at each time point 
(Table 2). Master’s University was not included in the time-
point analysis, as those interviews were done as retrospective 
interviews at one time point, postadoption. For RQ3, cross tab-
ulation between institutions and each subtheme (or theme, if 
there were no subthemes) was completed. Additionally, any 
codes specific for only that institution were noted (Supplemen-
tal Table S2). All institutions were included in the RQ3 
analysis.

RESULTS
RQ1: What Are Faculty Experiences during the 
Implementation of a Network CURE Curriculum?
Several major categories resulted from the analysis of the inter-
views: benefits, resources, challenges, and feelings (Table 3). In 
each category, there are a number of themes which sometimes 
contain subthemes. Quotes are provided as examples of these 
themes and are attributed.

Category 1: Resources. Three resources themes emerged 
during interviews: 1A, institutional support; 1B, group support; 
and 1C, grant support (Table 3). These themes were mentioned 
by all faculty and coded 195 times in all the interviews.

Theme 1A: Institutional Support. All faculty indicated that there 
was strong support at their institution, college, and/or depart-
ment for implementing the CURE. However, half of the faculty 
indicated that not everyone was supportive of implementing a 
CURE. Supportive and unsupportive behaviors often occurred 
at different institutional levels.

“My institution is apparently quite unusual in that they are 
always delighted for you to implement new things, even 
if we’re not sure if it’s going to work. Because they’re willing 
to let us explore those things.”—Mary, MSI University, 
Postimplementation

“I know the [lecture faculty member] was plainly frustrated 
that he didn’t feel like any of this was relevant.”—James, 
Community College, Postimplementation

Theme 1B: Group Support. Group support for the faculty imple-
menting the CURE was designed into the process both during 
the initial summer PD and then afterward through regular online 
meetings between grant personnel and all the faculty teaching 
the CURE. However, most faculty felt that internal group sup-
port within their departments was the best type of group sup-
port and the external group support was less helpful. Six of the 
eight faculty mentioned group support in their interviews.

“I think we felt different enough just because of different tim-
ing and different audience of students and logistics of setup 
that communicating with others at other schools didn’t feel as 
useful.”—Jennifer, Private College, Postimplementation

“For the people that we have to interact with who are actually 
doing a lab, it’s really, really helpful to have such a supportive 
group who is willing to be reflective about their experiences 
and work together to come up with ways to improve the expe-
rience.”—Sandra, Master’s University, Postadoption

Theme 1C: Grant Resources. Resources provided by the grant or 
grant personnel were mentioned by all faculty as important 
contributors to being able to implement the CURE. The grant 
supplied the faculty with PD in the implementation of the CURE 
curriculum, financial support for supplies and equipment, the 
curriculum, and expertise to solve problems as they arose. Com-
mon problems included growing and maintaining the algae 
needed to feed the T. californicus.

“And obviously the financial piece to get the equipment that 
we needed also was really helpful; it was a really low risk 
investment for us to try it and once we tried it, there’s no ques-
tion that we’re going to keep it.”—Linda, Private College, 
Postimplementation

Even for the institution that did not start until after the PD 
(Master’s University), the grant supplied the curriculum and 
expertise to help the faculty implement the CURE.

TABLE 3. Themes in the four categories associated with faculty experiences in adoption of a network CURE

Category (% of total codes) Example participant quote

Themes

Resources (31%)  
Institutional support  
Group support  
Grant resources

“To be able to compare notes across lab sections and be able to say, “Oh I’m having this problem, are you 
having this problem?,” and so within our own [Private College] bubble, having instructors and being 
able to communicate, I think was the most regular support that was actually really useful for trouble-
shooting.”—Linda, Private College, Postimplementation

Benefits (29%)  
Students  
Student–faculty interactions  
Faculty science identity

“I perceive that the CURE lab helps students with many of those other skills that actually [sic] employers 
care about like teamwork and problem-solving.”—Sandra, Master’s University, Postadoption

Challenges (26%) 
Students 
Implementation

“I had to let go. A lot … I have like three labs that I adore, and I didn’t do them this semester because we 
were doing the CURE.”—Mary, MSI University, Postimplementation

Feelings (14%) 
Positive  
Negative

“It was fun and challenging … The first time through, I felt uneasy the entire time.”—David, Master’s 
University, Postadoption
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“Having [grant staff] available as sort of like troubleshooting 
was invaluable. So it felt like we weren’t just going it alone, we 
could build on other people’s experiences … where other peo-
ple had done the heavy lift of getting it going, and then being 
able to touch base with people. That was the best stuff … Hav-
ing a manual that was already written was helpful … So that 
was probably the biggest help that we did not have to develop 
the whole thing from the start.”—Sandra, Master’s University, 
Postadoption

Category 2: Benefits. The benefits category was mentioned 
179 times across all interviews and by every participant. The 
three benefit themes were: 2A, benefits for students; 2B, inter-
actions between students and faculty; and 2C, increases in fac-
ulty science identity (Table 3).

Theme 2A: Benefits to Students. The potential or actual benefits 
to the students were the most commonly mentioned and dis-
cussed theme of the CURE. Faculty mentioned benefits related 
to three main areas of student improvement: attitudinal, learn-
ing, and 21st-century skills.

All faculty thought that students learning “real science” 
was very important. They articulated a number of science 
process skills and learning outcomes, including collabora-
tion, iteration, technical skills, data analysis, statistical flu-
ency, discovery, “messiness of science,” literature review, ask-
ing questions, hypothesis testing, experimental design, and 
technical writing.

“Hopefully our students will have a better understanding of 
how science works. I hope they will come out with some 
improved data analysis skills.”—Jennifer, Private College, 
Pre-PD

Seven of the faculty indicated that students also benefited 
from changes to their attitudes and motivations for science. 
Faculty indicated students were more confident and engaged 
with the material and displayed feelings of ownership and 
increased science identity.

“It was a great benefit in certain aspects of what I’ve seen in 
my students. I was seeing them become incredibly comfortable 
about being in the lab. I found they were excited about stuff; 
they were willing to work outside of class; they engaged in the 
process more deeply than they can in the more traditional lab 
format.”—Mary, MSI University, Postimplementation

Six of the faculty indicated that their students developed 
21st-century skills that went beyond specific science-related 
learning, including problem solving, curiosity, interpersonal 
dynamics, creativity, critical thinking, and science literacy.

“So I think that the CURE models and shifting that focus 
slightly helps students in the long run learn how to gather 
knowledge and information and utilize that to think for them-
selves, to solve problems, to be innovative, to be creative, to 
come up with, ‘Okay we know this, but what about this? Did 
we ever think about this?’ It gives them the capacity to think 
outside of just pre-established knowledge and skills … mas-
sages and stimulates the mind, to work independently.”—Lisa, 
Community College, Pre-PD

Theme 2B: Student–Faculty Interactions. Five out of the eight 
faculty members indicated that teaching the CURE changed the 
character of their interactions with students. Faculty mentioned 
changes such as deeper scientific conversations, more vulnera-
bility, and empathetic conversations with their students.

“I think it [the CURE] has shifted what I get to focus on with 
students. So rather than focusing on ‘Did you follow all of the 
steps in the right order?,’ I get to focus on ‘Hey, did you think 
about this interesting thing? And with this thing, how would 
you go about controlling for that?’ I get to talk to them like, 
‘Oh, you’re interested in the effects of DEET about copepods? 
Why? What’s out there about this that’s relevant?’”—Sandra, 
Master’s University, Postadoption

Theme 2C: Faculty Science Identity. Three of the eight faculty 
indicated that teaching this CURE had revitalized their own sci-
ence identity.

“It’s fun to get out of your box and to do science and to solve 
new problems and think about new things and studying bio-
logical systems is why I got involved in biology to begin with, 
so it’s fun to get back and to reconnect with that process of 
inquiry and you know, learning something new and knowing 
something we didn’t know before, maybe knowing something 
that nobody else knows. Because you’re asking certain ques-
tions and you know, I felt like that was really fun for me.”—
James, Community College, Postimplementation

Category 3: Challenges. Challenges in teaching and imple-
menting a CURE were coded 160 times in all interviews and 
discussed by every participant. Challenges fell into two themes: 
3A, those that dealt with students; and 3B, those that had to do 
specifically with faculty implementation concerns (Table 3).

Theme 3A: Student Challenges. All eight faculty mentioned 
challenges with students and student work in teaching the 
CURE. Five faculty mentioned challenges in student resistance 
to the work, time, and difference of doing a CURE lab. Three 
faculty reported concerns about student preparedness before 
coming to the lab class as well as a lack of student preparation 
from prior learning experience that supported their ability to 
learn from the CURE. Four faculty felt that the proposal process 
was challenging for students and faculty to manage. Six faculty 
expressed concerns about student group work.

“As much as this is uncomfortable for you, and you’re going to 
want to do all the work by yourself and then come to me later 
and say, ‘I should get the A because nobody helped,’ you have 
to be able to delegate and you have to be able to rely on your 
group and you have to be able to work together. So as much as 
that causes problems, I think that that’s a good thing in a 
CURE lab. I still have to find a way to navigate those prob-
lems.”—David, Master’s University, Postadoption

Theme 3B: Challenges in Implementation. For all faculty, teach-
ing a CURE was a new experience, and none had any back-
ground in the organism, which led to uncertainty about their 
ability to teach the CURE. Six of the faculty expressed concerns 
about the time it would take to prepare and teach the CURE. 
There was also concern expressed by six faculty about the lack 
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of connection to the corresponding lecture course material and 
having to “let go” of their favorite parts of their prior lab. Tigrio-
pus californicus was a new organism and research area for all 
faculty; five faculty reported challenges working with this 
organism. Two faculty were concerned with the grading group 
work in the CURE.

“I would say one potential drawback would be that some lab 
material we have, for instance right now in our 100 level 
majors’ class does reinforce lecture material well. And so losing 
the opportunity to have them explore some ideas through 
hands-on activities.”—Linda, Private College, Pre-PD

Category 4: Feelings about Teaching a CURE. There were two 
themes in the feelings category: 4A, positive; and 4B, negative.

Theme 4A: Positive. Faculty overwhelmingly reported positive 
feelings (67 mentions by all eight faculty) regarding teaching 
the CURE (Table 3). Faculty used adjectives such as “liking,” 
“happy,” “comfortable,” “capable,” “fun,” “great,” “thankful,” 
“engaging,” “enjoying,” “enthusiastic,” “excited,” “confident,” 
“interesting,” “positive,” “loved,” “energized,” “worthwhile,” 
and “brain candy” to describe teaching the CURE.

“It’s actually a lot more fun to teach because I don’t feel like I’m 
cracking the whip at them.”—Jennifer, Private College, 
Postadoption

Theme 4B: Negative. There were also negative feelings associ-
ated with teaching the CURE, with six of eight faculty (21 men-
tions) describing negative feelings. These included, “frustrat-
ing,” “worried,” “hard sell,” “taxing,” “not great,” “challenging,” 
“hassle,” “uneasy,” and “struggle.”

“It was kind of this open inquiry model of asking any question 
you want, the individualized nature of that was I think a com-
ponent … that I found intriguing, albeit it makes things kind of 
a hassle.”—James, Community College, Postimplementation

RQ2: How Do Faculty’s Anticipated and Actualized 
Experiences Compare?
Some of the faculty experiences, as described in postimplemen-
tation interviews, deviated from expectations described in the 
pre-PD interviews, while some of the experiences were funda-
mentally the same as they expected.

Category 1: Resources. Group support was mostly anticipated 
by the faculty to be provided by the grant group who were at 
the PD and involved in teaching the CUREs. There were regular 
grant group virtual meetings held throughout the implementa-
tion of the CURE. However, after teaching the CURE, most par-
ticipants indicated that within-institution group support was a 
key component of the resources available for teaching the CURE 
(Figure 2). Faculty who were the only person teaching the 
CURE at their institutions indicated that they mostly deter-
mined answers to their own challenges for themselves. For both 
situations, group or single faculty, internal support was priori-
tized, because faculty felt that the circumstances of their own 
institutions were unique and best answered from within that 
community. Institutional support was almost uniformly 

described as supportive during the pre-PD interviews. High lev-
els of support from colleagues, departments, and colleges were 
also reported after teaching the CURE. However, several spe-
cific instances of nonsupportive behaviors and conversations 
were reported after teaching the CURE (Figure 2). After imple-
mentation, the types of financial resources and the PD fulfilled 
faculty expectations expressed before the PD. After implemen-
tation, faculty reported the support of the grant personnel in 
solving specific problems with teaching the CURE to be 
extremely helpful. However, before the PD, they had not antici-
pated that they would need to use this resource (Figure 2).

Category 2: Benefits. Student learning outcomes were stressed 
before and after implementation of the CURE (Figure 3). Fac-
ulty wanted students to learn science process skills and reported 
that their students had learned these important skills after com-
pleting the CURE. After teaching the CURE, students attitudinal 
benefits were stressed by faculty more often. Students’ confi-
dence and independence in working in the lab were attitudinal 
benefits only reported by faculty after teaching the CURE. While 
several 21st-century skills were anticipated by faculty, espe-
cially problem solving, learning teamwork was not a stated 
learning outcome for any of the faculty before teaching the 

Frequency of Codes
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FIGURE 2. Changes in resources by time point. This is a compari-
son of the total number of codes in the resources category, coded 
before implementation (pre-PD) and after implementation 
(postimplementation), for faculty from Private College, MSI 
University, and Community College.
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FIGURE 3. Changes in benefits by time point. This is a comparison 
of the total number of codes in the benefits category, coded before 
implementation (pre-PD) and after implementation (postimple-
mentation), for faculty from Private College, MSI University, and 
Community College.
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CURE. However, learning teamwork was mentioned by three of 
the faculty in the postimplementation interviews, and problem 
solving was not mentioned at all. Benefits not anticipated by 
the faculty included the positive impacts on their own science 
identity and the changes in their interactions with students. 
Only one participant, Linda, anticipated these possible benefits, 
while three faculty included descriptions of impacts to their 
own science identity, and four discussed improved faculty–stu-
dent interactions.

Category 3: Challenges. Faculty were concerned about stu-
dent resistance to learning through research before the PD, but 
they reported very little student resistance to learning through 
research after teaching the CURE (Figure 4). One faculty 
member was concerned about student preparation, but did not 
express that as a challenge after teaching the CURE. Two other 
faculty did report instances with student groups who were not 
prepared to engage with the material in any depth. Group work 
and preparation of the research proposal were mentioned by 
two faculty members before they taught the CURE. After the 
CURE, four of the faculty described in detail problems that stu-
dents had with group work and developing a research proposal 
(Figure 4). The time it would take to assess student work was 
the concern before teaching the CURE. After teaching the 
CURE, were mostly related to individual versus group assess-
ments (Figure 4).

Not surprisingly, faculty expressed more uncertainty about 
teaching the CURE before participating in the PD than they dis-
cussed after they had taught the CURE (Figure 4). In postimple-
mentation interviews, uncertainty was expressed retrospectively 
rather than related to future Tigriopus CURE courses. A major 
concern before teaching the CURE was related to the time it 
would take to prepare and teach a new course. Afterward, there 
were only two mentions of time and preparation constraints. 
Instead, the major time constraint indicated after teaching the 
CURE had to do with “budgeting time well for students in every 
lab” (Karen, Private College, Postimplementation). Letting go of 
their favorite labs was a concern expressed more after teaching 
the CURE. The least anticipated issue was problems that faculty 
had with the science of T. californicus. There were unanticipated 
technical problems with growing the algae that Tigriopus eats 

and working with Tigriopus that required faculty to learn new 
skills. A lack of familiarity with the literature base was expressed 
both before and after teaching the CURE. Learning these new 
skills and the literature base was a challenge, but contributed to 
improved science identity for several faculty (Figure 4).

Category 4: Feelings. While positive feelings about the Tigrio-
pus CURE were expressed more than negative ones, they were 
expressed at even higher levels after teaching the CURE (Figure 
5). Negative feelings, however, were expressed about equally 
before and after teaching the CURE. Not surprisingly, the pre-
dominant positive emotion before the CURE was excitement 
and anticipation, while the predominant negative emotion was 
concern. After teaching the CURE, the predominant positive 
feelings were comfort, confidence, and fun, while negative feel-
ings were usually expressed as frustration and struggle.

RQ3: How Do the Faculty in Four Institutions Experience 
CURE Implementation?
The four institutions in this study differed by size, student com-
position, residential status, classification, and number of faculty 
participating (Table 1). Additionally, there were several disrup-
tions to the faculty makeup of this study, including the replace-
ment of a faculty member during the initial semester of instruc-
tion (Community College), the death of a faculty member after 
the initial semester of instruction (MSI University), and the 
addition of an institution after the PD (Master’s University). All 
of these instances complicated data collection and research 
design, but are important within a study of faculty experiences. 
These are all examples of real-world complications that can 
occur any time a new curriculum is implemented, and including 
these considerations improves the resulting data. Despite the 
considerable difference between the institutions, 39% of the 
themes/subthemes are coded for every institution (see Supple-
mental Tables S3–S6). In this section, we will consider those 
that differed and include codes that were important to the fac-
ulty at individual institutions, but not coded to a subtheme 
because they were not seen across two or more institutions.
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FIGURE 4. Changes in challenges by time point. This is a compari-
son of the total number of codes in the challenges category, coded 
before implementation (pre-PD) and after implementation 
(postimplementation), for faculty from Private College, MSI 
University, and Community College.
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FIGURE 5. Changes in feelings by time point. This is a comparison 
of the total number of codes in the feelings category, coded before 
implementation (pre-PD) and after implementation (postimple-
mentation), for faculty from Private College, MSI University, and 
Community College.
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Private College. Of the four institutions in this study, Private 
College’s reliance on internal group support was the strongest. 
The three faculty felt that working out solutions to their prob-
lems happened best in their group of faculty rather than through 
external networks (see “Resources” quote, Table 3). Addition-
ally, they found the opportunity to collaborate with their peers 
an advantage to teaching this CURE.

“I was able to spend some time working closer with my col-
leagues to develop new labs and active learning strategies and 
that was positive on building relationships with my peers.”—
Karen, Private College, Postimplementation

Private College was the only institution where neutral insti-
tutional support was mentioned. Their department chair was 
part of the team teaching the CURE, which gave very strong 
departmental support.

“Our administration just kind of said, ‘Go ahead.’ They didn’t 
impede us, but … I wouldn’t say they really supported us. That 
being said, [name] is part of our group of CURE collaborators 
and she is department chair so obviously she is very support-
ive, but administration didn’t seem to notice or care.”—Karen, 
Private College, Postimplementation

Student engagement, project ownership, and learning real 
science were the most important student benefits faculty antic-
ipated that were realized. Private College was one of the two 
institutions whose faculty discussed the positive impacts of 
teaching the CURE on their own science identity. The faculty at 
Private College were only slightly concerned about letting go of 
their old lab, and that concern was completely related to the 
lack of congruity between lecture and lab content. Two student 
challenges were rarely mentioned by the faculty at Private Col-
lege: student preparedness and group work. Faculty were not 
concerned about group work before the PD, and it was only 
mentioned twice in the postimplementation interviews. Stu-
dent preparedness was only mentioned once in the postimple-
mentation interviews.

MSI University. Mary was an expert in organismal biology and 
found it exciting to get to teach a CURE that was organismal 
rather than molecular based. She was confident before the PD 
that she could teach this CURE because of her background and 
understanding of CUREs. She saw doing a CURE in the intro-
ductory biology course as an extension of what she was already 
doing in the lab and as preparation for the required capstone 
research course. While research output was not a requirement 
of her position, faculty were required to mentor undergraduate 
student research. Mary did not mention either benefits for her-
self in student–faculty interactions or science identity. This 
might be due to the high level of scientific inquiry already pres-
ent in the former lab, which included several inquiry modules 
that spanned multiple lab sessions (data not shown) and the 
amount of research mentoring required by her position. She 
was not concerned about student resistance, proposal writing, 
or grading. Her unique challenges occurred because of the 
nature of a very small department. Different lab classes were 
run in the same room during the day, so space, time, equip-
ment, and facilities were a challenge.

“I need to know perhaps, if I’m doing a CURE lab in the morn-
ing, what’s the best way I can switch over to a micro lab in the 
afternoon in the same classroom … because there’s definitely 
going to be the same classroom for micro, developmental biol-
ogy, and this CURE … that’s going to be a lot going on in one 
room.”—Mary, MSI University, Pre-PD

As the only CURE faculty member at her university, she had 
no internal group support and did not find the external group 
support useful. However, she had technical problems with 
maintaining T. californicus, which required extensive grant per-
sonnel support to solve. She found “letting go” of some of her 
favorite labs from her prior curriculum very difficult, discussing 
this before and after implementing the CURE (see “Challenges” 
quote, Table 3).

Master’s University. Changes in student–faculty interactions 
were important at Master’s University.

“In the traditional lab, like, if they were doing, like, the eye 
experiment … I kind of knew what would happen … and they 
could say, ‘Well, is this right?’ And I would have to not say yes 
or no, even though I knew what the answer was, and kind of 
say, ‘Well, what do you think the data says?’ Here, if they were 
to say, ‘Well is this the right thing?,’ I would have to say, ’Well 
there is no right or wrong, the data is what the data is. How 
did you design the experiment? I can only answer your ques-
tion by asking you a question.’ And eventually get them to the 
point of saying, ‘Oh, you know, it’s not really black and 
white.’”—David, Master’s University, Postadoption

For Master’s University, the student benefits emphasized 
were the students learning real science, student engagement, 
and 21st-century skills. Interestingly, the only implementation 
challenge code reported by Master’s University was uncertainty, 
and they had the highest levels of reported uncertainty, which 
might be because they did not participate in the PD. Master’s 
University was the only institution that reported challenges in 
the tension between research and teaching, which might be 
related to being the only institution with a graduate program in 
the study.

“What if the department decides not to adopt this? Then I 
don’t know how much effort to put into it.”—David, Master’s 
University, Postadoption

“It’s part of my duties to update things for the Spring. Which is 
fine, but I don’t have tenure yet, so this is not high on my pri-
ority list. I get way more credit for publishing something than 
I do for updating a lab manual.”—Sandra, Master’s University, 
Postadoption

Master’s University reported student resistance and group 
work as their only student challenges. Not surprisingly, grant-re-
lated support was reported less by Master’s University than the 
other institutions, as Master’s was not supported financially by 
the grant and did not receive PD. Still, they reported that having 
an already developed curriculum and someone to call on when 
they had questions were important features of this CURE curric-
ulum. There was more contention reported at Master’s Univer-
sity than at the other institutions. While there was support for 
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the CURE, they also reported the highest level of “resistant” 
faculty.

“The people who were not actively contributing to the lab, 
ehhh. They aren’t super excited about it.”—Sandra, Master’s 
University, Postadoption

Community College 

“I basically took the class over on a Wednesday and the next 
class meeting was on a Monday… so we did a very short tran-
sition and then she was gone and not available as a resource.”—
James, Community College, Postimplementation

This abrupt change in instruction midsemester was most 
likely why the most negative feelings about teaching the 
CURE were expressed by James. While Lisa had attended the 
PD, James had not. When he took over the class, the stu-
dents had already designed their projects. This was frustrat-
ing for him.

“I had a lot of feedback for them … [but] they had already 
kind of started pouring their efforts into those projects.”—
James, Community College, Postimplementation

However, even with this situation, James repeatedly 
described how much fun he found in teaching the CURE, 
expressing more overall positive feelings than negative. Com-
munity College was one of the two institutions where faculty 
expressed increases in their science identity from teaching the 
CURE. James liked learning about a new organism, new 
research techniques, and brushing up on techniques he had not 
used in a long time. Lisa and James both emphasized the stu-
dent benefit of learning real science.

“The focus is not so much that I want you to come out of this 
understanding photosynthesis and how it works; I want you to 
understand how using experimentation can lead you to draw 
and develop conclusions about concepts…. That’s the focus of 
what we’re doing, is what’s less understanding the concepts, 
and more about understanding how to gather data and evi-
dence to formulate valid conclusions.”—Lisa, Community Col-
lege, Pre-PD

Interestingly, since the CURE was taught in a newly devel-
oped course, James discussed “letting go” as a challenge more 
than faculty at any other college or university. He found that he 
had to change what he expected was possible for the students 
in one semester, and allow them to fail. Also, the lack of connec-
tion between the CURE and lecture content was a concern for 
the faculty member who taught the lecture. James plans on 
working more closely with the lecture faculty member moving 
forward. Student preparedness and group work were the two 
biggest student challenges for Community College, with more 
concern expressed by Lisa and James on these challenges than 
at any institution in this study. James was one of the three fac-
ulty who had group grading concerns.

“There was some pretty serious griping and discussion about 
grades … and the contributions of the other group mem-
bers.”—James, Community College, Postimplementation

A unique challenge for Community College was the limited 
number of hours that faculty members could require for student 
engagement in a one-credit class. Institutionally, a 3-hour lab 
left little time outside the lab for homework; the amount of 
time outside the lab required by the CURE exceeded those 
limits.

“So we’re trying to work through [the time limit] as an institu-
tion, but I just threw that out for this class because it wasn’t going 
to work.”—James, Community College, Postimplementation

DISCUSSION AND CONCLUSIONS
The goals for this study were to elucidate the faculty experience 
during the implementation and adoption of a network CURE. In 
this section, we discuss the impacts of using a longitudinal 
approach to examine the faculty experiences. We highlight 
unique findings from this research. We also consider possible 
limitations to this study. We finish with some suggestions for 
CURE PD and future research.

Perceptions of CURE Implementation Depend on Time 
and Context
An inconsistent finding in previous research studies pertained to 
institutional support, with some network CUREs reporting non-
supportive behaviors (Lopatto et al., 2014; Craig, 2017), while 
other CURE developer studies described supportive behaviors 
(Spell et al., 2014; Shortlidge et al., 2016). This study high-
lights that the time at which the interviews take place as well as 
institutional context may account for supportive or nonsupport-
ive behaviors experienced when implementing a network 
CURE. None of the faculty described a lack of support from 
colleagues, departments, or institutions before implementing 
the CURE. However, there were nonsupportive behaviors 
reported in three of the four institutions after teaching the 
CURE, which is more consistent with prior network CURE 
research that was conducted postimplementation (Lopatto 
et al., 2014; Craig, 2017). The flavor of the unsupportive com-
ments was relatively mild, “not every one of my colleagues was 
on board with it, but you know that’s how faculty are” (Sandra, 
Master’s University, Postadoption), rather than a consistently 
unsupportive attitude. Additionally, there may be support at 
one level of the institution and not at another (e.g., Private Col-
lege had departmental support, but lack of interest at higher 
levels). In this study, the departments/colleges were often part 
of the initial contact and introduction to the CURE, which might 
have biased this sample toward more institutional support than 
previously reported for network CUREs.

As in the few studies that have highlighted benefits of teach-
ing CUREs (Lopatto et al., 2014; Shortlidge et al., 2017; Gen-
né-Bacon et al., 2020), we found that faculty concentrated on 
student benefits, especially before teaching the CURE. How-
ever, the faculty seemed to be unaware of the difference in 
anticipated versus unanticipated student benefits. The differ-
ences came through in the data, with a greater emphasis on 
21st-century skills before teaching the CURE, but a heavier 
emphasis on student engagement and motivation after teaching 
the CURE. Student learning was equally emphasized before and 
after teaching the CURE. This seems to indicate that the bene-
fits faculty wanted for the students were relatively general. The 
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student benefits they encountered were then seen as meeting 
their initial goals.

Challenges to teaching a CURE are the most commonly stud-
ied aspect of the faculty experience and we found many of the 
same challenges, including student preparation (Lopatto et al., 
2014; Spell et al., 2014), student resistance (Shortlidge et al., 
2016; Roberts et al., 2019; Govindan et al., 2020), difficulty 
with learning new literature/skills (Lopatto et al., 2014; Rob-
erts et al., 2019), and time (Lopatto et al., 2014; Spell et al., 
2014; Goedhart and McLaughlin, 2015; Hensel and Cejda, 
2015; Shortlidge et al., 2016; Govindan et al., 2020). However, 
anticipated challenges and actual challenges were different, 
highlighting the importance of longitudinal studies. For exam-
ple, time is a commonly reported challenge: relating to time in 
the class (Lopatto et al., 2014; Spell et al., 2014), planning 
(Goedhart and McLaughlin, 2015; Shortlidge et al., 2016), 
developing a CURE (Shortlidge et al., 2016), and workload 
(Hensel and Cejda, 2015; Govindan et al., 2020). Pre-PD fac-
ulty expressed concern that time to prepare and teach a new 
CURE was going to be a challenge. But after teaching the CURE, 
the concern for time had to do with the students: the time in 
class and time to finish their projects.

As found by Shortlidge et al. (2016, 2017) and included in 
representative quotes (Craig, 2017), this study also highlights 
the “fun” of teaching a CURE for faculty. While there were neg-
ative emotions, positive emotions were reported more often, 
especially after teaching the CURE. The negative emotions 
before the CURE were mostly concern, while afterward there 
was some frustration. However, faculty were excited before the 
CURE, and there was a broad sense of enjoyment after they had 
implemented the CURE. They enjoyed interacting with students 
around something that they were passionate about (research).

While prior research has highlighted several benefits for 
faculty teaching a network CURE (Lopatto et al., 2014; 
Shortlidge et al., 2016, 2017), there were two themes of 
mostly unanticipated benefits for faculty in this study: positive 
interactions with students and impacts to their own science 
identity. As reported by Shortlidge et al. (2016, 2017), faculty 
in this study found their interactions with students in the class-
room to be more in depth and scientifically richer. Faculty also 
described impacts on their own science identity, reinforcing 
their identity as a scientist as well as an instructor. Interest-
ingly, the impacts to their own science identity were more 
commonly mentioned by faculty at institutions without a sig-
nificant research component (Supplemental Table S4). In a 
study with both network CUREs and CURE developers, 
Shortlidge et al. (2017) reported that faculty found teaching a 
CURE matched their science identity, but the data were not 
disaggregated by type of CURE. With their study of CURE 
developers only, Shortlidge et al. (2016) did not report any 
consequences for faculty science identity. This suggests that 
faculty without a strong research component to their positions 
find that teaching a CURE is also an opportunity to “do sci-
ence” (James, Postimplementation, Community College), thus 
impacting their identity as a scientist. These unanticipated 
benefits for themselves seemed to be considered a bonus of 
teaching the CURE for these faculty.

Consistent with other network CURE research, the resources 
from the grant for PD, supplies, curriculum, and equipment 
were considered important by the faculty in the study (Lopatto 

et al., 2014; Craig, 2017). Having the grant staff available to 
answer questions about working with Tigriopus was highly 
valuable for all of the participants. Faculty did not anticipate 
the need they would have for support from the grant personnel, 
but reported that support as important postimplementation. 
Even for Master’s University faculty, who did not attend the PD 
or have financial support, it was important that they could 
implement the CURE without the large time investment that 
developing their own CURE would take. In two other network 
CUREs, Craig (2017) found that faculty were frustrated because 
the protocols were not ready on time, and Wolkow et al. (2014) 
found increased PD needed for community college faculty. 
Similar to Lopatto et al. (2014), faculty in this project, includ-
ing Lisa and James (Community College), were uniformly pos-
itive about the help provided by the grant resources including 
the curricular materials. Like the Genomics Education Project 
(the CURE explored in Lopatto et al., 2014), the Tigriopus 
CURE had been successfully implemented for several years 
before this project (Olimpo et al., 2016; Fisher et al., 2018), 
giving the grant personnel lots of experience, well-developed 
curricular materials, and expertise in teaching this CURE. This 
emphasizes the importance of a well-developed curriculum and 
expertise with the CURE for the successful implementation of a 
network CURE.

Unique Challenges and Benefits
A unique finding was the faculty emphasis on students devel-
oping 21st-century skills. Prior research indicated development 
of skills transferable to future careers as a student benefit that 
faculty valued (Lopatto et al., 2014; Shortlidge et al., 2017), 
but this idea related to the development of technical and sci-
ence process skills that will help students in future jobs (which 
were included in student learning in our codebook). Faculty in 
this study considered the development of generally transfer-
able job skills such as teamwork, problem solving, critical 
thinking, creativity, and learning how to learn to be benefits of 
a CURE. These are skills that are highly valued by employers of 
STEM students (Saunders and Zuzel, 2010; Sarkar et al., 
2016). While faculty mentioned these outcomes more during 
the pre-PD interview, the types of transferable skills discussed 
were consistent between the pre-PD and postimplementation 
interviews, indicating the faculty perceived that the students 
had learned them.

Two unique CURE implementation challenges from this 
study were uncertainty and letting go. Uncertainty was primar-
ily expressed pre-PD compared with interviews done postimple-
mentation. Uncertainty may be higher for network CURE fac-
ulty, because they are usually teaching a new research system 
rather than incorporating a research system with which they are 
intimately familiar. Letting go of the continuity between labora-
tory and lecture and not teaching some laboratory modules 
from the prior course were a problem for some of these faculty. 
The lack of continuity between lecture and lab was also a con-
cern for the Tigriopus CURE developer (Fisher et al., 2018), so 
each laboratory period started with supplemental instruction 
using active-learning strategies related to a known difficult con-
cept from that week’s lecture. This may have highlighted the 
difference in content between the lecture and lab for the faculty. 
The loss of material covered is a common concern of imple-
menting active learning (Guy, 2017; Shadle et al., 2017) that 
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seems to translate to the replacement of a laboratory course 
with a CURE.

Some unique student challenges in this study include pro-
posals and group work. Group work and proposal writing were 
major challenges of teaching the CURE that were not highly 
anticipated. While collaboration is usually integrated into a 
CURE (Auchincloss et al., 2014), the Tigriopus CURE relies 
heavily on students working in productive groups. Additionally, 
because this was in introductory biology, for most students 
these skills (group work and proposal writing) were new 
experiences.

In Craig (2017), a faculty member was concerned the CURE 
would not be sustainable if there was only one faculty member 
involved. As demonstrated by this study, long-term adoption of 
a CURE can hinge on a single faculty member. The removal of 
the pivotal faculty member (by death, job change, etc.) can 
completely stop or drastically change the adoption process. In 
two of our four institutions, this happened. The death of Mary 
(MSI University) resulted in the institution ending their partici-
pation in this study, despite her highly favorable feelings and 
plans to continue teaching the CURE. At Community College, 
the abrupt departure of Lisa left James teaching a new curricu-
lum that he eventually stopped teaching in favor of becoming a 
CURE developer (personal communication). The two institu-
tions that continued teaching the Tigriopus CURE were those 
with internal group support and multiple faculty teaching the 
CURE, which provided stability despite some changes in per-
sonnel throughout the study period.

Support for Adoption of New Teaching Strategies 
Hypotheses
Understanding the faculty perspective in adoption of CUREs 
can also be applied to the adoption of active-learning strategies 
in general. Andrew and Lemons (2015) proposed several 
hypotheses about the adoption of new teaching strategies 
developed from their research on case study teaching. While 
this study was developed before their publication and not 
intended to test their hypothesis, it provides support for two of 
their hypotheses from a very different teaching context. Hypoth-
esis 3 stated: “Perceptions of improved student outcomes facili-
tate sustained use of active-learning strategies” (Andrews and 
Lemons, 2015, p. 14). The most coded subtheme in this study 
was benefits to students. While there was a specific interview 
question about the benefits of a CURE, student benefits were 
regularly coded outside the context of that question. Faculty in 
this study described perceived student benefits as the most 
important reason for continuing to use a CURE. Like Andrews 
and Lemons, even though these faculty reported student resis-
tance, they concentrated on the positive student outcomes they 
saw. CUREs provide faculty extended periods of time to interact 
with students, thus providing many opportunities to observe 
student learning and engagement with the materials. Hypothe-
sis 4 stated: “Viewing colleagues as resources for teaching will 
facilitate sustained and effective active-learning instruction” 
(Andrews and Lemons, 2015, p. 15). Internal group support 
was highly valued within Private College. The faculty described 
multiple instances of turning to one another for help in solving 
problems while teaching the CURE and plans for changes in 
future iterations of the CURE. While internal group support was 
not as strongly supported in Master’s University, the faculty 

there also reported its impact in implementing the CURE. 
Despite trying to develop an external support system, the fac-
ulty in this study turned to well-known colleagues as resources 
for teaching the CURE instead. Only the institutions with multi-
ple faculty sustained teaching this CURE in this study.

PD for CUREs
While not specifically a study of PD for the Tigriopus CURE, 
several suggestions did arise from the data. The PD was 
designed using best practices for PD from the K–12 teacher PD, 
including: activities to learn active-learning frameworks that 
support CUREs; practice with the organisms and skills needed 
to successfully do research with T. californicus; introduction to 
the literature base on this organism; dedicated time to develop 
CURE-related activities wherein institutions with similar con-
cerns were grouped together and multiple faculty from the 
same institution attended together where possible; virtual fol-
low-up after the summer in-person PD; and support resources, 
including the exercises and literature (Loucks-Horsely et al., 
2003; Burke and Hutchins, 2007; Desimone, 2009).

Since the development of the Tigriopus PD, several sugges-
tions for postsecondary faculty PD have been proposed that 
include many of the strategies from the K–12 teacher PD litera-
ture (e.g., D’Avanzo, 2013; Khatri et al., 2016; Manduca, 2017; 
Beck and Blumer, 2019). Not surprisingly, the Tigriopus PD 
mostly followed the suggestions put forth by these authors. 
Beck and Blumer (2019) recently proposed five recommenda-
tions specifically for laboratory instruction PD: 1) attendance in 
teams; 2) curricular development that requires little work after 
the PD; 3) time to work on products from the PD that include 
hands-on activities; 4) sufficient time for learning, but not too 
long for busy faculty; and 5) ongoing support systems.

There are several specific content items that network PD 
should explicitly address. For network CURE PD, explicitly 
addressing the immediate uncertainties, while important, needs 
to be balanced with the challenges of teaching a CURE. Espe-
cially if student groups are used in an introductory CURE, 
explicit PD around student group work is needed (e.g., forming, 
storming, norming, and performing from Tuckman, 1965). 
Time management within the laboratory setting is a critical ele-
ment of a successful CURE. Specific suggestions from the curric-
ulum developers about where time can be spent and what can 
be done outside class is important. To do this, the network 
CURE developers need to be very conversant with the CURE. 
Additionally, curriculum and teaching materials that support 
faculty in teaching proposal development and writing should be 
important parts of network PD. For network CUREs, addressing 
the potential negative emotions should be done during the ini-
tial PD and during the initial implementation semester. It helps 
people to realize that others share their feelings—that what 
they are feeling is normal. This could be especially important 
for newer faculty who have little experience in implementing a 
very different curriculum and for very experienced faculty who 
may have forgotten the nerves that accompany teaching some-
thing new.

Interestingly, although continued community is a best prac-
tice for PD (Loucks-Horsely et al., 2003; Desimone, 2009; Beck 
and Blumer, 2019) and considered important by faculty in 
other network CUREs (Lopatto et al., 2014; Craig, 2017), only 
internal (vs. external) group support was important to the 
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faculty in this study. Even the two institutions with a single par-
ticipant did not find the external group support to be important. 
This could be related to the type of community support pro-
vided or the composition of the faculty who were involved in 
this CURE. The initial development of a community relied heav-
ily on the face-to-face PD, which was then followed up with 
virtual meetings. Mary (MSI University) was a very experienced 
instructor and confident of her abilities to teach the CURE even 
before attending the PD. James (Community College) and Mas-
ter’s University faculty had no opportunity to develop initial 
relationships with the other faculty because they did not partic-
ipate in the PD. While Private University faculty were at the PD, 
they relied on their tight-knit internal community for support. 
Those faculty who were part of a community showed a reliance 
on each other and the grant personnel, but not on faculty mem-
bers from other institutions. Our data also suggest that attend-
ing in teams and having ongoing support systems are important 
in network CURE PD.

Limitations
Limitations of this study include the nature of the interview 
sample. There were 17 interviews over a 2-year period of time 
with eight people in the study and one to three people repre-
senting each institution. Due to real-life circumstances, not all 
of the participants were interviewed at all three time points. 
Sandra and David from Master’s University and James from 
Community College were each interviewed once after teaching 
the CURE. The same questions were asked as those before the 
PD, but in a retrospective manner (Table 2). This might have 
affected how the participants responded, because their current 
experiences may have influenced answers about their experi-
ences before teaching the CURE. For this reason, Master’s Uni-
versity data were not used in the time-point analysis. However, 
given the real-life nature of sudden changes in instructional 
faculty, Lisa (pre-PD) and James (postimplementation) from 
Community College were included in the time-point analysis, 
because those interviews were taken at specific time points 
within a single institution. While there were definite differences 
in the experiences of the faculty at each institution, those expe-
riences may be only the experiences of the faculty in this study 
and may not be generalizable to faculty in other institutions of 
the same type. Additionally, S.E.D.-P. was a co-PI on this grant 
and participated in the development and implementation of the 
Fall 2016 and Summer 2017 PD. This might have biased the 
interview question development; however, the grant evaluator 
was consulted about the interview question development.

During analysis of the postadoption interviews (Fall 2019), 
both researchers were involved in a new CURE. Faculty member 
S.E.D.-P. was teaching a new network CURE course, while stu-
dent N.L.S. was taking the same CURE course. This may have 
changed the emphasis during coding due to the inevitable feel-
ings of kinship expressed by participants as a result of the ben-
efits and challenges of this study. In early 2020, with the code-
book established, the intent was to go through the data once 
more to make sure everything was coded completely. Due to the 
COVID-19 pandemic, there was a pause of approximately 3 
months during the data analysis process. While inadvertent, 
this rest time improved the data analysis. We approached the 
data from a fresh perspective that clarified coding descriptions, 
refined organization, and allowed us to better disengage our 

own experiences with the phenomenon (Mackey and Gass, 
2016). We notice that resting the data is not a commonly 
reported method in qualitative biology education research and 
suggest that other researchers include this methodology in their 
future qualitative analyses.

Future Research
This study highlights the different experiences of faculty 
throughout the implementation and adoption of a CURE. There-
fore, future research should carefully consider where in the 
CURE adoption process the faculty member is as an explanation 
for the results. The short and long-term consequences for fac-
ulty, not just students, are important contexts to study. Espe-
cially of interest is the differences in benefits to faculty from 
network CUREs and CURE developers. Is there a difference in 
the identities of these faculty that impacts what benefits accrue 
to them? This study also highlights the need to explore the role 
of community and internal versus external support in network 
CUREs. Research on the impacts of inter- versus intracommu-
nity support networks and multiple versus single innovators 
would improve our understanding of what supports are needed 
for long-term adoption of network CUREs. Probing the commu-
nication networks used by faculty during the adoption process 
would also contribute to understanding the support networks 
used by faculty during the CURE implementation process.

While there is more research on student impacts, this study 
also emphasizes some new areas for future researchers to 
explore in student outcomes. Currently, CURE student out-
comes research relies heavily on student self-reported outcomes, 
specific content learning, and attitudinal measures (NASEM, 
2017). Measures of 21st-century skills development could also 
be included for student outcomes from CUREs. This would be 
especially helpful for CURE researchers who are studying multi-
ple CUREs that do not share similar content. Given that group 
work was a challenge for all faculty in this study regardless of 
prior experience, we also suggest that the student research 
group dynamics need to be studied to determine the best way 
to teach both research skills, and group research skills.

This study highlights the importance of a longitudinal and 
institutional lens to contribute to the understanding of the fac-
ulty experience in teaching a network CURE. As shown through 
interviews with the faculty at these four institutions, the antici-
pated and experienced challenges and benefits of teaching a 
CURE are not the same. In recruiting faculty to teach CUREs, 
we suggest that the benefits to faculty, as well as students, be 
emphasized (Shortlidge et al., 2016, 2017). However, because 
the initial anticipated benefits were student-centric, those 
should be put forward as the major benefits. While challenges 
to implementing a CURE are well established, there has been 
limited focus on benefits to the faculty teaching the CURE. This 
study contributes to our understanding of both anticipated and 
perceived benefits from CUREs for faculty and students. We 
found faculty perceive that development of 21st-century skills 
for students is important. We found enhanced science identity, 
sense of enjoyment, and improved interactions with students as 
benefits for faculty.
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