
CBE—Life Sciences Education  •  23:ar31, 1–19, Fall 2024	 23:ar31, 1

ARTICLE

ABSTRACT
Course-based undergraduate research experiences (CUREs) are an effective method of 
engaging large numbers of students in authentic research but are associated with barriers 
to adoption. Short CURE modules may serve as a low-barrier entryway, but their effec-
tiveness in promoting expansion has not been studied. The Prevalence of Antibiotic Resis-
tance in the Environment (PARE) project is a modular CURE designed to be a low-barrier 
gateway into CURE use. In a series of interviews, we track and characterize use of PARE 
in 19 PARE-interested instructors throughout the Innovation-Decision Process described 
by Rogers’ Diffusion of Innovations theory. The majority (16/19) implement PARE at least 
once, and a majority of these implementers (11/16) expanded use by the final interview. 
Three of four cases of discontinuance were due to a disruption such as moving institutions 
or a change in course assignment and occurred for community college faculty. Expanders 
expressed fewer personal challenges than nonexpanders. Overall analysis shows that per-
ception of barriers is nuanced and impacted by the innovation itself, the institutional con-
text, and one’s own experiences. These results suggest that a short duration, low barrier 
CURE can serve as a catalyst for implementation of a longer duration CURE.

INTRODUCTION
Course-based undergraduate research experiences (CUREs) are a pedagogical tech-
nique that brings authentic scientific research into classrooms, allowing a larger popu-
lation of students to be exposed to the benefits of research than would be feasible with 
traditional mentored laboratory research experiences alone (Healey and Jenkins, 
2009; Lopatto and Tobias, 2009; Wei and Woodin, 2011; Auchincloss et al., 2014; 
Bangera and Brownell, 2014; Buchanan and Fisher, 2022;). This is important, because 
both student self-report and objective assessments reveal multiple benefits to a research 
experience such as gains in skills, self-confidence, understanding of the research pro-
cess, career choice confirmation, retention in science, engineering, mathematics, and 
positive correlation with grade point average and graduation rate (Nagda et al., 1998; 
Gregerman, 1999; Bauer and Bennett, 2003; National Research Council, 2003; Lopatto, 
2004; Seymour et al., 2004; Hunter et al., 2007; Kuh, 2008; Taraban and Blanton, 
2008; Laursen et al., 2010; Lopatto and Tobias, 2009; Fechheimer et al., 2011; Eagan 
et al., 2013; Jordan et al., 2014; Shaffer et al., 2014; Olimpo et al., 2016; Rodenbusch 
et al., 2016; Carpi et al., 2017; Frantz et al., 2017; Shuster et al., 2019; Buchanan and 
Fisher, 2022). Several reports have called for infusion of more inquiry and research 
into the undergraduate experience (Hattie and Marsh, 1996; Kenny et  al., 1998; 
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National Research Council, 2003; American Association for the 
Advancement of Science (AAAS), 2011; Olson and Riordan, 
2012), but traditional (out-of-class) research experiences can 
perpetuate inequities (Mullin, 2012; Bangera and Brownell, 
2014; Wolkow et  al., 2014; Hensel and Cejda, 2015; Hensel 
and Davidson, 2018). For example, in the traditional out-of-
class research model, time spent in the laboratory, if unpaid, 
can interfere with the need for wage-earning employment. 
Additionally, many students from groups historically marginal-
ized in STEM first encounter undergraduate biology instruction 
in community colleges, where creating a culture of research is 
not always considered central to the mission of the institution 
(Perez, 2003; Hewlett, 2016; Hensel and Davidson, 2018; 
Hewlett, 2018; Rosas Alquicira et  al., 2022). CUREs have 
emerged as a more equitable and high throughput alternative 
to out-of-class research because the research is embedded as 
part of the required curriculum, reaching many more students 
than traditional research experiences (Shaffer et  al., 2010; 
Brownell et  al., 2013; Bangera and Brownell, 2014; Jordan 
et al., 2014; Wolkow et al., 2014; Dolan, 2016; Rodenbusch 
et al., 2016; Hensel and Davidson, 2018; Hyman et al., 2019; 
Hurley et al., 2021; Hanauer et al., 2022). However, the full 
potential of CUREs has not yet been realized. Many laboratory 
courses still do not include a genuine research experience 
(Sundberg and Armstrong, 1993; Sundberg et al., 2005; Beck 
et al., 2014; Spell et al., 2014). Further, if adoption of CUREs is 
disproportionately low in institutions serving the majority of 
lower income students, the notion of CUREs leading to more 
equitable research experiences could prove inaccurate. The rea-
sons for low adoption are likely complex, but it is known that 
CUREs are associated with many challenges and barriers to 
their implementation, including constraints related to the exist-
ing course or required curriculum, logistical and technical chal-
lenges, available resources, instructor time investment, and 
student readiness (Healey and Jenkins, 2009; Lopatto et  al., 
2014; Spell et al., 2014; Wolkow et al., 2014; Shortlidge et al., 
2016; Cooper and Brownell, 2018; Heim and Holt, 2019; Davis 
et al., 2020; Genné-Bacon et al., 2020). In this paper, through 
longitudinal tracking of interested instructors, we assess 
whether a modular approach to CURE design leads to contin-
ued use by undergraduate instructors and what factors may be 
associated with this trajectory. We also assess whether instruc-
tors use a short-term CURE module as a springboard into a 
longer duration CURE for their students.

CUREs have been grouped into two categories: CUREs 
developed from scratch by an instructor, often based on their 
own research, and “network” CUREs developed by one 
research team and disseminated broadly (Lopatto et  al., 
2014; Dolan, 2016; Shortlidge et al., 2016). Network CUREs 
may ease some of the common barriers instructors face when 
implementing a CURE (Lopatto et al., 2014; Govindan et al., 
2020). For example, a set of methods optimized for class-
room use along with instructional resources can save instruc-
tors time needed for CURE development and the network can 
serve as a resource for troubleshooting. However, instructors 
still face barriers for implementing network CUREs, including 
compatibility of the CURE with their course structure, or 
inability to transform an entire course (or create a new 
course) to accommodate a semester-long network CURE 
(Lopatto et al., 2014; Craig, 2017; Genné-Bacon et al., 2020). 

Short-duration CURE modules that can be flexibly inserted 
into an existing course could help lower barriers to CURE 
implementation (Howard and Miskowski, 2005; Staub et al., 
2016; Hanauer et al., 2018; Dahlberg et al., 2020; Genné-Ba-
con et al., 2020) and, therefore, bring research experiences to 
more students. In a previous paper we found that instructors 
interested in using the Prevalence of Antibiotic Resistance in 
the Environment (PARE) project (a collection of short-dura-
tion modular CUREs) were more likely to mention PARE as 
being compatible with their course structure and available 
resources, relative to CUREs in general (Genné-Bacon et al., 
2020). Interviewed instructors were also far less likely to per-
ceive “bandwidth” as a barrier to implementing PARE. A 
short-duration CURE may also lower barriers by providing a 
low-stakes opportunity for first-time CURE instructors to 
experiment with CURE implementation.

However, the longer-term outcome of this “trialability” is 
unclear. Do instructors persist with using the CURE? And 
importantly, do they ultimately expand CURE use to create a 
longer-term experience for their students? This question of 
CURE expansion is particularly important because despite the 
presumed ease of implementation of short-duration CURE 
modules, it is not clear to what degree students benefit from 
short-duration research experiences. While some studies have 
shown modest learning and/or attitudinal gains from short 
duration CUREs (Genné-Bacon and Bascom-Slack, 2018; 
Dahlberg et al., 2020; Cole et al., 2021; Fuhrmeister et al., 2021; 
Wickham et  al., 2021, 2023; Fendos et  al., 2022; Stanfield 
et al., 2022; Plaisier et al., 2023; Bliss et al., 2023; Kleinschmit 
et al., 2024), others have shown that perceived student benefits 
continue to increase with increased duration of the CURE expe-
rience. For example, Hanauer et al. (2018) showed that a short 
module experience results in significantly higher project owner-
ship than a traditional lab, but less than a full semester CURE. 
Shaffer et  al. (2014) showed that perceived student benefits 
continue to increase with increased duration of the CURE expe-
rience, and DeChenne-Peters et  al. (2023) found that, com-
pared with a short CURE module, a full-semester length CURE 
had greater impacts on students’ reported STEM career interest 
and plans to conduct future research. Additionally, a multi-in-
stitution study of different CURE formats by Mader et al. (2017) 
found, in general, students’ self-reported learning and attitudi-
nal gains were higher after participating in CUREs with a 
sequence of multiple CURE modules compared with a single 
interluding CURE module within a traditional laboratory course 
(with full-semester CUREs showing even higher gains). Similar 
trends have been seen with traditional mentored research and 
summer research programs (e.g., Li et al., 2008; Thiry et al., 
2012; Adedokun et al., 2014).

With the knowledge that a longer-term CURE provides a 
richer experience for students, but understanding that a short 
format appeals to instructors (Genné-Bacon et al., 2020), the 
PARE project CURE was designed to serve as a steppingstone 
for instructors to implement a longer duration CURE. 
Although the original PARE core module is short in duration 
(two to three class periods), there exists a suite of additional 
modules allowing for expansion to a longer-duration CURE 
experience (Genné-Bacon and Bascom-Slack, 2018; Genné- 
Bacon et al., 2020; Fuhrmeister et al., 2021; Bliss et al., 2023). 
Instructors can start with one of a few key modules and then, 
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in another semester, expand by adding from this suite of addi-
tional PARE add-on modules. Other flexible, modular CUREs 
also exist (Muth and McEntee, 2014; Adkins et  al., 2018; 
Hanauer et al., 2018; Hyman et al., 2019; Roberts et al., 2019; 
Dahlberg et al., 2020; Dizney et al., 2020; Zelaya et al., 2020; 
Gastreich, 2021), but longitudinal tracking of instructor use 
patterns to determine whether this approach to CURE design 
provides a pathway to expanded CURE use has, to our knowl-
edge, not yet been conducted. In fact, longitudinal studies on 
faculty CURE persistence and long-term adoption, in general, 
are rare. Connor et al. (2022) used a cross-sectional approach 
to show that CURE discontinuance was rare (only 4% of 
respondents), but comprehensive institutions, 2-year institu-
tions and minority-serving institutions were underrepre-
sented. DeChenne-Peters and Scheuerman (2022) tracked 
faculty recruited to participate in a specific network CURE 
and showed that faculty perceptions differ over time, but the 
study was not intended to track discontinuance or expansion 
because the participants were recruited and supported to 
implement the CURE as written.

In this study, our aim is to understand factors that may sup-
port translation of interest into implementation and expanded 
CURE use in the classroom. Through interviews, we monitor 
the perceptions and experiences of faculty interested in teach-
ing the PARE project, over time. We track faculty at 2-year and 
4-year institutions over approximately two years: preimple-
mentation (Timepoint 1), postimplementation (Timepoint 2), 
and long term follow up (Timepoint 3). Faculty in this cohort 
were not recruited, compensated, or provided with special 
training or professional development to use PARE.

Theoretical Framework
Many implementation theories and frameworks exist to 
understand the adoption and/or dissemination of evidence- 
based educational practices (EBEP) and they have been cate-
gorized and described by Nilsen (2015). Many of these theo-
ries have elements in common with Rogers’ Diffusion of Inno-
vations (DOI) framework which is an expansive theory used to 
study how innovations are adopted by individuals, organiza-
tions, and communities, and how these innovations spread 
through the population (Rogers, 1962, 2003). We chose to 
use Roger’s theory to guide our work over other frameworks 
because it is one of the most comprehensive and has been 
widely applied, providing other published works as guidance 
and for comparing outcomes. In the words of Nilsen (2015), 
“The Theory of Diffusion is considered the single most influen-
tial theory in the broader field of knowledge utilization of 
which implementation science is a part.” Originally developed 
to explain the diffusion of technological innovations in agri-
culture, it has since been used to study many different types of 
innovations, including overcoming barriers to implementing 
educational innovations (Schmidt and Brown, 2007; Watson, 
2007; Henderson and Dancy, 2007; Henderson et al., 2012; 
Andrews and Lemons, 2015; Marbach-Ad and Hunt Rietschel, 
2016; Shadle et al., 2017; Genné-Bacon et al., 2020; McConnell 
et  al., 2020; DeChenne-Peters and Scheuermann, 2022). 
The Innovation-Decision (ID) process describes the thought 
pattern an individual goes through from their first knowledge 
of the innovation, to forming an attitude about it, to making 
a decision to attempt implementation (or not), actual 

implementation, and finally confirmation of the decision 
(Rogers 2003, p. 21, 107–118). Time is thus an important 
aspect in diffusion research. The Persuasion Stage (i.e., the 
formation of the adopter’s opinion of the innovation) is highly 
influenced by five main characteristics of the innovation: 
Relative Advantage, Compatibility, Trialability, Observability, 
and Complexity (Rogers 2003, p. 111). Complexity can be 
thought of as barrier to implementation and is negatively 
correlated with adoption. All the other characteristics are pos-
itively correlated with adoption. As an example, while under-
going the decision to implement a CURE, an instructor may 
consider whether it is better than their current curriculum 
(Relative Advantage), whether it is Compatible with the goals 
of their course, and whether it is too Complex for the readiness 
level of their students. These perceptions of the innovation are 
influenced by personal characteristics of the individual as well 
as the context of usage.

The ID process is not always linear, nor is it final. During the 
Implementation and Confirmation Stages, adopters continue to 
evaluate the innovation, such that their experience informs 
updated Persuasion and Decision Stage perceptions. For exam-
ple, an individual who, after developing a positive perception of 
the innovation during the Persuasion Stage, decides to imple-
ment or use the innovation may find that the actual use of the 
innovation does not match their expectations developed during 
the Persuasion Stage. They may change their decision, resulting 
in discontinued use of the innovation. Thus, the perception of 
the innovation with respect to the Persuasion Stage characteris-
tics continue to be relevant even after implementation of the 
innovation.

Context of this Study–The PARE CURE
PARE was designed with adoptability in mind. For example, 
Complexity (e.g., the cost and resources required, complexity 
of experiments, etc.) is kept to a minimum, while the ability to 
insert a module into an existing laboratory course was intended 
to result in high Compatibility. Although the original PARE 
core module is short in duration (two to three class periods), 
there exists a suite of additional modules allowing for expan-
sion to a longer-duration CURE experience, thus serving as a 
steppingstone for instructors to implement a longer duration 
CURE (Genné-Bacon et al., 2020). The PARE curriculum has 
been described elsewhere (Genné-Bacon and Bascom-Slack, 
2018; Fuhrmeister et al., 2021); briefly, PARE is a program for 
detection, reporting, and study of antibiotic resistant bacteria 
in environmental samples. It consists of background videos, 
skill-building known-outcome activities, and research-based 
modular activities that produce results for upload into a 
national database. Participation in PARE generally begins with 
trial of the core module which takes about three laboratory 
class periods and makes use of equipment and reagents stan-
dard in most teaching labs. It is particularly well suited to 
microbiology laboratory courses because it teaches core micro-
biology skills. The intent in developing the core PARE module 
was not to provide students an extensive research experience 
but to provide an entrée into classroom research for instruc-
tors in hopes that they would subsequently expand the 
research experience for their students. The core module pro-
vides broad relevance, opportunity for discovery and experi-
ence in the practice of science, three key elements of CUREs 
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(Auchincloss et  al., 2014; Brownell and Kloser, 2015). For 
example, students engage in scientific practices by forming a 
hypothesis about what environmental sample collection site 
they predict would contain high levels of antibiotic-resistant 
bacteria. The resistance level discovered in students’ environ-
mental samples is unknown to both student and instructor, 
thus providing opportunity for discovery. While surveillance of 
resistance is routinely done in a clinical setting, systematic 
environmental surveillance is lacking, yet there is agreement 
of its importance in addressing the growing concern of antibi-
otic resistance (Berendonk et  al., 2015). Therefore, the stu-
dent-generated results have broad relevance to the scientific 
community beyond the classroom. There are ample opportuni-
ties for iteration and communication, two additional key ele-
ments of CUREs (Auchincloss et  al., 2014; Brownell and 
Kloser, 2015), although they are not explicitly built into the 
core module. Our previous work (Genné-Bacon et al., 2020) 
showed that instructors who were interested in using PARE 
did perceive it to be of low Complexity and high Compatibility 
relative to CUREs in general. The short duration, characteris-
tics related to cost, and alignment with course learning out-
comes appeared as the most salient drivers of PARE 
implementation.

Research Questions/Goals of Study
This longitudinal study followed a cohort of faculty who 
expressed interest in the modular CURE, PARE, and aimed to 
assess their perceptions and use patterns of CUREs over time. 
Through a series of interviews conducted over 2 y, we sought to 
evaluate our hypothesis that use of a short-duration CURE 
module can eventually lead to adoption of longer-duration 
CURE experiences. We assess this through the following 
research questions: 1) What is the trajectory of instructors who 
expressed interest in PARE? Did they actually implement? If so, 
did they continue use over time or did they discontinue? Did 
those who continued expand the PARE program? 2) What situ-
ational characteristics are associated with expansion of PARE? 
For example, are expanders more likely to be teaching at a par-
ticular institution type? 3) How do perceptions of the PARE 
experience differ between expanders and nonexpanders?

METHODS
Participating instructors were interviewed at three time points 
over a two year period. At each interview, instructors were 
asked a series of open-ended questions. Reponses to the ques-
tions were coded and analyzed.

Initial (Timepoint 1) Recruitment
Recruitment of participants was carried out as described in 
Genné-Bacon et al. (2020). Briefly, all instructors who made 
inquiries about the PARE project during the summer of 2017 
were contacted to ask if they intended to implement PARE and 
if they were interested in participating in this research study. 
Of the 29 instructors contacted, 19 met the inclusion criteria 
(had not yet attempted to implement PARE but intended to 
within the next academic year) and agreed to participate. All 
19 instructors participated in a pre-implementation interview 
and their institution type was assigned as described in Gen-
né-Bacon et al. (2020). Instructors were not compensated for 
this interview.

Timepoint 2 Interviews
At the end of the 2017–2018 academic year, all 19 instructors 
were contacted again (via email) and asked to participate in a 
follow-up interview. Instructors were compensated $50 for par-
ticipating in the follow-up interview, which was planned to last 
approximately 30–40 min. Recruitment language made clear 
that compensation was for the interview only and they were 
eligible regardless of whether they implemented or not. Eigh-
teen of the original 19 instructors responded to the request for 
an additional interview. Of those, one declined to participate in 
a follow-up interview (and indicated that they did not imple-
ment). One instructor indicated in their email reply that they 
were not able to implement PARE as planned, and in a phone 
conversation this instructor indicated that they had not obtained 
expected funding leading to them being unable to implement. 
Semistructured interviews were again conducted (by author 
E.G.) with the remaining 16 participants and recorded using 
WebEx. All interviews were transcribed using the service Tran-
scribeMe. Interview questions were designed to elicit both gen-
eral and specific sentiment about the PARE implementation 
experience. They were designed to capture “gut feelings” soon 
after implementation. Interview questions were reviewed for 
clarity and thematic alignment by educational researchers at 
the Tufts Center for Science Education (see Appendix 1 for 
interview script). Instructors were asked whether they did, in 
fact, implement the PARE project in the 2017–2018 academic 
year, and whether they intended to use it again.

Timepoint 3 Interviews
Two years after the initial interview, all instructors who had 
implemented PARE at Timepoint 2 were again contacted (by 
author MF) through email and asked to participate in a third 
and final interview. All 16 instructors replied, and 15 agreed to 
a third interview. The one instructor who declined to be inter-
viewed instead summarized their PARE implementation status 
over email. Instructors were compensated with $100 for this 
final interview. To encourage honest and open responses, inter-
views were conducted by author M.F., who is not affiliated with 
the PARE project.

The Timepoint 3 interview script went through a highly iter-
ative development process. Timepoint 3 questions were written 
to elicit general sentiment felt after a period of reflection, with 
focus on perceived expectation vs perceived outcome. As with 
all previous timepoint interviews, some questions were designed 
to evoke articulation of challenges encountered as well as 
positive experiences. Questions were reviewed by education 
researchers at Tufts University and Northeastern University for 
alignment with the theoretical framework and goals of the 
study. We conducted five pilot interviews with two former and 
three current PARE instructors, to determine clarity, flow, 
length, and whether questions were eliciting intended 
responses. Pilot interview volunteers were contacted via email 
and compensated $50 for their time. The same interview script 
was used for all interviewed instructors at Timepoint 3 (see 
Appendix 2 for the final interview script).

DOI Coding Rubric Development and Coding
Initial codes for Timepoint 2 and 3 were based on those devel-
oped for coding of Timepoint 1 (see Genné-Bacon et al., 2020). 
Briefly, we developed a preliminary coding rubric based on a 
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priori themes from DOI theory as well as emergent themes 
observed by the interviews. The coding rubric underwent sev-
eral rounds of iteration as described previously (Genné-Bacon 
et al., 2020). During the coding rubric development for Time-
points 2 and 3, authors M.F. and J.D.C. were recruited to help 
because of their lack of any prior involvement with PARE. We 
remained focused on these DOI persuasion themes because, in 
DOI theory, after implementation users revisit the Persuasion 
Stage to evaluate how their expectations for implementation 
matched their experience and continue to make decisions on 
whether to continue implementing or modify their implementa-
tion based on this perception. These initial codes were refined 
and expanded upon, based on the Timepoint 2 and 3 transcripts 
as needed (see below for details). To simplify the coding pro-
cess, the diffusion of innovation themes (Relative Advantage, 
Compatibility, Trialability, Observability, and Complexity) of 
the original Timepoint 1 rubric were at first simplified to “posi-
tive experiences” (Relative Advantage, Compatibility, Trialabil-
ity, and Observability), and “challenges” (Complexity). The 
same coding rubric was used for thematic coding of Timepoint 
2 and Timepoint 3 interviews.

To expand on the initial Timepoint 1 coding rubric, authors 
E.G. and M.F. worked together to iteratively develop and refine 
the coding rubric. In contrast to coding of Timepoint 1, coders 
only considered interviewees’ actual experiences with PARE, 
not anticipated experiences with future implementations. 
Adaptation of the original Timepoint 1 rubric was carried out as 
follows: each coder first coded one to three transcripts inde-
pendently, taking notes on procedures and questions, and iden-
tifying potential newly emergent codes. Next, both coders met 
to compare codes, resolve conflicts, and add or refine codes as 
needed. This process was repeated until intercoder reliability 
was above 60% (number of codes agreed on divided by total 
number of coding units) for two transcripts in a row. For the 
purposes of measuring intercoder reliability, a coding unit was 
defined as a timestamped paragraph (as produced by the ser-
vice TranscribeMe). Seven transcripts were coded for the pur-
poses of coding rubric development: three from Timepoint 2 
and four from Timepoint 3. See Appendix 3 for the final coding 
rubric.

For coding of transcripts, a team of three research assistants 
(authors S.B., F.P., and G.X.) who all had previous coding expe-
rience were trained to use the final coding rubric described 
above. These three research assistants had no other role on this 
project. For coder training, explanations of each code in the 
rubric were provided followed by time for discussion and elab-
oration where questions arose. For Timepoint 2 transcripts, 
S.A.B. and G.X. were then provided a transcript that had been 
coded to consensus by E.G. and M.F. E.G. and M.F. went 
through the coded transcript together with S.A.B. and G.X. with 
opportunity for questions to be clarified. Subsequently, S.A.B., 
G.X., and E.G. independently coded the remaining transcripts 
in batches, with discussions to resolve conflicts, thus coding to 
consensus. Training of F.P. for Timepoint 3 coding occurred 
similarly; these transcripts were coded by S.A.B., G.X., and F.P.. 
The group plus E.G. reconvened to resolve conflicts.

Coding of PARE Implementation Trajectory Status
To assign a PARE implementation status to each transcript, 
authors E.G. and M.F. first developed the implementation 

coding rubric by reading through transcripts and discussing 
emerging themes. For Timepoint 2, three implementation cate-
gories emerged (core PARE module only, expanded use of 
PARE, and did not implement [those not interviewed]). For 
Timepoint 3 transcripts, three main implementation categories 
emerged (sustained use of core PARE module, expanded use, 
and discontinued use), as well as multiple sub-categories. See 
Table 1 for implementation trajectory status coding rubric. All 
transcripts were independently coded for implementation sta-
tus by authors E.G. and M.F. Any transcripts for which there 
was disagreement were also coded for implementation status 
by author C.B. and discussed in coding meetings between 
authors E.G., M.F., and C.B. to code to consensus.

Postcoding Analysis
After all coding was complete, “positive experiences” and “chal-
lenges” codes were assigned back to their original DOI themes 
(primarily Relative Advantage, Compatibility, and Complexity). 
In addition, the DOI Persuasion themes of Relative Advantage, 
Compatibility and Complexity were further subdivided into 
subthemes: innovation-focused (e.g., “PARE is better for student 
learning than other teaching methods”), context/institution-fo-
cused (e.g., “my course schedule needed a short-duration CURE 
like PARE”), or individual-focused (e.g., “I wanted to use PARE 
because I felt really bored with my old teaching methods”). 
Assignment of codes to these sub-themes was carefully deter-
mined by whole-team discussions. Some codes did not easily fit 
into either innovation, context, or individual-focused sub-
themes. For these, E.G. and M.F. independently examined all 
other instances of these codes and assigned each ambiguous 
instance to one of the three sub themes based on the context in 
which it was brought up in the interview. For coding units 
where there was still a disagreement, author C.B. broke the tie. 
Appendix 3 shows the innovation/context/individual/student 
status for each code.

Statistical Analyses
For analyses of various characteristics in the Expander group 
versus Non-Expanders (e.g., Figure 3 and Table 2) we per-
formed Fisher’s exact tests. For between-groups analyses of the 
coding data, we performed Mann-Whitney U tests. All statistical 
analyses were done using the software Prism Version 9 or 10 
(GraphPad Software, LLC.).

RESULTS
Research Question 1: What is the Trajectory of Instructors 
who Expressed Interest in PARE?
The majority of PARE-Interested Instructors Implemented 
PARE at Least Once.  All instructors interviewed in the initial, 
pre-implementation phase of this study (Timepoint 1) expressed 
interest in using the PARE project in their classes within the 
next two semesters. We were interested to know whether 
instructors who had entered the Decision Phase for PARE went 
on to eventually implement. We assessed this by examining 
Timepoint 2 interview transcripts (and, where necessary, 
emails from instructors) and determined that the majority (16) 
of the original 19 instructors had implemented the core PARE 
module (Figure 1).

We were also interested to know whether the collection 
of PARE add-on modules was being used. Most (13/16) of 
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TABLE 2.  Situational factors by expander status

Potential factors affecting adoption 
outcome

Timepoint 3 Status

Fisher’s exact test p value SignificanceExpanders Non-expanders

Institution type
  Assoc. Dom 1 3 PUI vs. Assoc = 0.014 p < 0.05
  Primarily undergrad 9 0 PUI vs. Doc = 0.0455 p < 0.05
  Doctoral-granting 1 2 Assoc vs. Doc = ns   

Job Title
  Assis./Assoc/Prof 10 1 0.0128 p < 0.05
  Lecturer/Instructor 1 4    

Previous CURE experience
  Yes 6 1 0.3077 ns
  No 5 4

Tenure status
  Tenure track 8 1 0.1058 p < 0.2 (trend)
  Not tenure track 3 4
CURE use by others*
  Yes 6 2 1 ns
  No 5 2
Course type
  General biology 4 2 0.8089 ns
  Intro micro 3 1
  Upper level micro/Bio 2 1
  Other 1 2
Lab prep staff for course?*
  Yes 8 3 1 ns
  No 3 1

*missing data for one nonexpander.

TABLE 1.  PARE implementation status categories

Main category 
(No. of instructors in 

this category)

Subcategory (No. of 
instructors in this 

sub-category*) Description
Timepoint 2 Core PARE module 

only (13)
n/a Instructor implemented the original two to three class period core PARE 

module with no or few modifications
Expanded use (3) n/a Instructor implemented the core PARE module along with one or more 

expansion modules, or added additional personally designed 
research to expand the scope and duration of PARE beyond the core 
module

Did not implement (3) n/a Instructor never implemented PARE
Timepoint 3 Sustained use (1) n/a Instructor continued implementing the original two to three class period 

core PARE module with no or few modifications and no dissemina-
tion to other courses

Expanded use (11) PARE add-on modules (7) Instructor expanded CURE use by implementing an add-on module from 
an available library of PARE add-on modules

New CURE (6) Instructor expanded CURE use by designing their own additional 
experiments or by augmenting PARE with another CURE

New sections/classes (2) Instructor expanded use of PARE to other courses or additional sections 
of original course

Discontinued use (4) Disruption (3) Instructor encountered some type of distribution, such as a change in 
schools or course assignments, that interfered with their use of PARE

Considering (4) Instructor is not currently using PARE in any of their courses, but they 
are considering using PARE or another CURE again in the future

Discouraged (1) The instructor had a negative experience with PARE that contributed to 
discontinuing use

*Instructors can be assigned into more than one subcategory of expander or discontinuer.
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with PARE. For example, one instructor 
began the semester with the core PARE 
module, but then filled the remainder of 
the semester working on Tiny Earth (Hur-
ley et  al., 2021), a longer, but themati-
cally similar network CURE (both PARE 
and Tiny Earth begin with collection of a 
soil sample and use antibiotic resistance 
as the context for teaching microbiology 
skills). The third “expanded use” subcate-
gory, “new sections/classes” describes 
instructors who, in addition to expanding 
use in ways mentioned above, also incor-
porated PARE into new classes or addi-
tional sections of their class. One instruc-
tor did not expand PARE through 
additional add-on modules or other 
CUREs in their own class but was highly 
involved in overseeing PARE’s implemen-
tation in multiple other courses in their 
department, including expanded versions 
of PARE. This instructor was thus 
included in the expander category. One 

instructor interviewed in Timepoint 2 declined to be inter-
viewed in Timepoint 3 but emailed a detailed description of 
their continued PARE use since Timepoint 2. Based on this 
email they were classified as “Expanded use: PARE add-on 
modules.” Instructors could fall into more than one subcate-
gory. For example, one instructor incorporated both PARE 
add-on modules (“PARE add-on modules”) and self-designed 
additions to the CURE (“new CURE”).

Four Timepoint 2 implementers had discontinued all use of 
PARE (or other CUREs) by the time of the Timepoint 3 inter-
view (See Figure 1). Like with expanded use, we assigned 
discontinuers into several nonexclusive subcategories of dis-
continuance (see Table 1). Three discontinuing instructors 
encountered some type of disruption (subcategory “disrup-
tion”) to their teaching– either moving to a new institution or 
having their class assignments changed. One instructor 
encountered significant difficulty with implementing PARE 
(subcategory “discouraged”), which contributed to their dis-
continuance. However, all discontinuing instructors also 
expressed that they were considering incorporating PARE or 
another CURE into their current classes at some point in the 
future (subcategory “considering”).

Trends in PARE use Trajectories
We were interested to learn whether different trajectory pat-
terns emerged. Over the course of the longitudinal interviews 
with PARE-interested instructors, we noticed common trends in 
how PARE implementation proceeded. See Figure 2 for a sum-
mary of these trends.

“Toe-Dip Expanders”.  The most common type of PARE user in 
our cohort (eight out of the 16 implementing instructors) are 
those we have dubbed “toe-dip expanders.” These instructors 
try the 2–3 day core PARE module for their first implementa-
tion, and then expand the length of the CURE experience in 
subsequent semesters. The story of Instructor “R” is a represen-
tative example of an instructor in this group:

the implementing instructors had implemented only the core 
PARE module by the time of interview 2. Coding of tran-
scripts for Timepoint 2 revealed three implementation status 
categories: “Core PARE module only” (the instructor imple-
mented only the standard two to three class period core 
PARE module; 13 instructors), “expanded use”, and “did not 
implement” (see Table 1). Three of the 16 implementing 
instructors implemented an expanded version of PARE. 
These instructors either implemented the core PARE module 
along with one or more expansion modules or added 
additional, personally designed research to expand the scope 
and duration of PARE beyond the core module. Three 
instructors were classified as “did not implement”: one 
revealed this in their email and elaborated in a phone con-
versation, one instructor indicated via email that they did 
not implement PARE but declined to be interviewed, and 
another instructor interviewed at Timepoint 1 did not 
respond to requests for follow up and is presumed to have 
never implemented. All three non-implementers had no 
prior CURE experience and represented each of the three 
institution type categories.

The Majority of Instructors Expanded use of PARE by 
Timepoint 3.  To determine the trajectory of PARE use over 
time, we coded Timepoint 3 transcripts for the three broad 
implementation categories that emerged: “sustained use” of 
the core PARE module, “expanded use,” and “discontinued 
use” (See Figure 1). In addition to these broad implementa-
tion categories, we also developed subcategory themes 
describing implementation status in more detail (see 
Table 1). The “expanded use” subcategory “PARE add-on 
modules” describes instructors who expanded the PARE 
research experience by incorporating other PARE modules 
chosen from a suite of available expansion modules. The 
“new CURE” subcategory describes instructors who expanded 
PARE by incorporating their own self-designed expansion 
projects or by incorporating another related network CURE 

FIGURE 1.  Changes in PARE use over three timepoints. Number of instructors in each 
status category are indicated with parentheses. Groups designated as “non-expanders” for 
the purpose of analysis are indicated with asterisks. See Appendix 4 for a detailed view of 
each instructor’s status.
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Instructor R teaches at a primarily-undergraduate institution, 
and had been using mostly “cook-book” style labs in her upper-
level microbiology lab course, with little change over many 
years. She expressed that she was beginning to feel dissatisfied 
and bored with these activities and wanted to try to incorporate 
more student research. She had attempted to use a longer-dura-
tion network CURE in the past but was unable to secure enough 
funding for it. She learned about PARE at a conference and 
decided to try it. The first time she tried PARE she used only the 
core PARE module and reported that this went well. During her 
second interview she expressed interest in using one of the PARE 
add-on modules in addition to the core module. During Time-
point 3 she reported that she was still using PARE in her class 
and had successfully integrated two additional PARE add-on 
modules.

The instructors in this group represent a mix of institution 
types and CURE experience levels. Many expanded using the 
existing library of PARE add-on modules, though some designed 
their own expansion experiments or incorporated elements of 
other CUREs. This “toe-dip” pattern is how PARE use and 
expansion was originally envisioned during its conception: 
PARE provides instructors with a low stakes opportunity to get 
their feet wet by trying a short and relatively simple CURE. 
Once they are comfortable with this level of CURE use, includ-
ing inherent challenges such as dealing with unexpected results, 
they choose to add additional modules to give their students a 
longer and more complex CURE experience.

FIGURE 2.  Summary representation of major patterns in PARE use over three timepoints. 
The largest group of implementing instructors (n = 8) used PARE as it was originally 
designed: first implementing the core PARE module and later expanding. A smaller (n = 3) 
group of experienced CURE users from PUI implemented an expanded version of PARE in 
their first implementation. Another small group (n = 3) of instructors from associate’s 
dominant institutions encountered disruptions and were no longer implementing at 
Timepoint 3. Two instructors interviewed at Timepoint 3, both at doctoral-granting 
institutions and both managing large courses taught by teaching assistants, did not fall 
into any of these use patterns: one discontinued due to dissatisfaction with PARE, and the 
other continues to implement the core module only. One instructor labeled an expander 
is also not represented here because they assisted in expanding PARE in other classes, but 
continued to use only the core PARE module in their own classes. The three instructors 
that never implemented are also not represented here.

“Early Expanders”.  A smaller group (3/19) 
of instructors in our cohort can be described 
as early expanders. These instructors 
implemented an expanded form of PARE in 
their first attempt, and often expanded fur-
ther on subsequent attempts. Instructor 
“M” provides a good example of this type of 
instructor:

Instructor M teaches at a primarily under-
graduate institution and is an experienced 
CURE user. She had previously used a full-se-
mester network CURE and a self-designed 
CURE in other classes. She was looking for a 
way to incorporate research into her section 
of a multisemester introductory biology 
sequence. She had attempted to use a two-se-
mester long network CURE but was unable 
because she does not have control over the 
subsequent semester of the course series. At 
the time of interview 1, her section contained 
an inquiry-style lab that she felt wasn’t 
working well, so decided to replace it with 
PARE when she learned of it at a conference. 
During her first semester implementing 
PARE she used both the core module one 
add-on PARE module. At the time of the third 
interview she was still using PARE in her 
introductory biology lab section, but had 
added a second, related short-duration net-
work CURE and incorporated both together, 
making her section a semester-long study of 
the local environment. Her section had 
become popular, so an additional section 

had been added. The new section was taught by another instruc-
tor who was also using the same semester-long, PARE-based 
environmental study.

The instructors in this group taught exclusively at primarily 
undergraduate institutions. All had previous CURE experience. 
This group demonstrates that short-duration modular CUREs 
can be helpful not only for novice CURE users looking for an 
easier barrier-to-entry, but also for experienced CURE users 
looking for flexibility in incorporating more research into their 
courses.

“Encountered Disruptions”.  The final group of common 
trends in PARE use described the majority (3/4) of the instruc-
tors who had discontinued PARE at the time of the third inter-
view. We have dubbed this group “encountered disruptions” 
because these instructors encountered a change of institution or 
change in teaching assignment that interfered with their use of 
PARE. For example, the story of instructor “A”:

Instructor A was an adjunct instructor teaching at a community 
college and looking to add more inquiry-style learning to her 
majors’ microbiology course. She had previously attempted to 
design her own inquiry-style lab but encountered many technical 
barriers. She was seeking a replacement for that lab when she 
learned about PARE at a conference. She liked PARE because it fit 
her time and resource limitations, and she was excited that 
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students would be contributing to a national database. In the 
Timepoint 2 interview she reported that she had successfully 
implemented the core PARE module but had no plans to expand 
due to resource limitations at her institution. In the Timepoint 3 
interview she reported that she had moved institutions and was 
no longer using PARE because she did not have full control of her 
course at the new institution. She reported that she had consid-
ered using PARE in a different course where she had more con-
trol, but it was not well aligned with her course topic. However, 
she expressed that she was considering trying a different network 
CURE in this class in the future.

Here are Instructor A’s own words describing her teaching 
situation:

“I am an adjunct teacher, so what classes I teach vary a lot. How 
much freedom I have to control my own labs varies a lot. So I 
implemented PARE in a class where I was the only teacher doing 
it. And I was doing all the design for myself in the microbiology 
course. I implemented it once. I have not been able to teach that 
course because […] I changed colleges.”

All of the instructors who discontinued due to disruptions 
taught at community colleges, and none had prior CURE expe-
rience. Interestingly, all instructors with this implementation 
pattern expressed that they remained interested in using CUREs 
in the future, indicating they are not discouraged with the 
teaching method.

Research Question 2: What Situational Characteristics are 
Associated with Expansion of PARE?
Given that a goal of PARE is to serve as a springboard for a 
longer duration CURE, we sought to understand what makes 
some instructors expand use of PARE while others do not 
expand, discontinue use, or don’t implement at all, by examin-
ing a number of demographic/situational variables. For these 
analyses we pooled the “sustained use” (of core module), and 
“discontinued use,” categories together into a group called 
“nonexpanders.” Expansion status differed significantly by 

institution type with all (9/9) instructors from 4-year, under-
graduate-focused institutions expanding use of PARE, but only 
a minority of those instructors from doctoral-granting (one of 
three, Fisher’s exact test, p = 0.0455) or associate’s dominant 
(one of four, Fisher’s exact test, p = 0.014) expanded PARE 
(Figure 3; Table 2).

In addition to institution type, we also examined several 
other demographic/situational categories, including: prior 
CURE experience, tenure track potential, CURE use by others at 
their institution, having a lab preparation/support staff, and 
type of course taught (Table 2 and Appendix 4). Although not 
statistically significant at the 0.05 level, eight of 11 expanders 
were tenure track whereas only one of four nonexpanders were 
(Table 2), suggesting that job status may influence adoption 
pattern. Perhaps also related to long-term contracts or job sta-
bility, the majority of nonexpanders reported titles such as “lec-
turer”, “adjunct”, or “lab coordinator” while all but one of the 
expanders reported titles such as “assistant professor”, “associ-
ate professor”, or “professor” (Appendix 4). No other differ-
ences between expanders and nonexpanders approached statis-
tical significance.

Research Question 3: How do Perceptions of the PARE 
Experience Differ between Expanders and Non-expanders?
In addition to understanding whether use of a short-duration 
CURE could lead to a longer experience, we sought to gain a 
richer perspective on the challenges and motivators experi-
enced by instructors along their trajectory. To assess differences 
in perception of the CURE implementation experience between 
expanding instructors and nonexpanding instructors, we turned 
to our DOI-based coding data produced through thematic anal-
ysis of the Timepoint 2 and 3 interview transcripts. Here, first 
we will discuss some general trends in perception over time 
(pre- to post-implementation) before moving on to comparing 
differences in themes expressed between groups.

Different Themes Emerged in Timepoint 2 and 3 Compared 
with Timepoint 1.  Roger’s DOI framework suggests that before 
an instructor makes the decision to implement or not, they 
enter a Persuasion Stage in which they contemplate various 
attributes of the CURE in comparison to their personal beliefs 
and teaching context (Rogers, 2003 pp. 111–112). We based 
our coding on the Persuasion Stage because, even after imple-
mentation, potential adopters reevaluate the innovation based 
on their experience with it, deciding whether to continue using 
the innovation (with or without modification), or discontinue 
use. Thus, users continually reenter the Persuasion Stage of the 
ID process. In our analysis of instructor interview transcripts, 
our codes generally fell into themes derived from the DOI ID 
process Persuasion Stage: Compatibility and Relative Advantage 
(which are positively correlated with adoption of innovations), 
and Complexity (which is negatively correlated with adoption of 
innovations). Codes that fell into the two remaining Persuasion 
Stage themes, Trialability and Observability, were rare across 
timepoints. In developing the coding rubric for Timepoints 2 
and 3, we started with the codes that emerged in Timepoint 1 
(Genné-Bacon et al., 2020) and looked for any new codes that 
emerged from the transcripts. Not unexpectedly, most new 
codes were related to the actual experience of using PARE in 
the classrooms (See Appendix 3 for a full list of codes with 

FIGURE 3.  Expansion status differs significantly by institution type. 
Here, “non-expanders” include those that discontinued use after 
implementing at least once (n = 4), and one instructor who 
continues to implement only the core PARE module. We used a 
Fisher’s exact test to compare expander status for all three groups 
(p = 0.0069). We then carried out Fisher’s exact tests in pairwise 
combinations (see also Table 2).
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those new to Timepoints 2 and 3 marked). For example, “con-
fidence in student data” was a theme expressed in Timepoints 2 
and 3 but not observed in Timepoint 1. It refers to the instruc-
tor’s struggle dealing with the often surprising and messy 
results of authentic research. For example, according to one 
instructor:

“That was the last time I did it, and the last time I had the oppor-
tunity to do it. And my note there was that just the lab failed. 
Looking at the data, we just couldn’t make sense out of the 
results. So that seemed to be the common thing is that we couldn’t 
use the results that we got in that class so it was kind of limited 
how much we could get out of it, but it was a good scientific 
process and topics to address with them, but the results were 
difficult.”

Other new themes that emerged in timepoints 2/3 were 
expansions of themes from Timepoint 1. For example, in Time-
point 1 we used two Relative Advantage codes relating to stu-
dents: “student learning” and “student engagement” (see 
Appendix 3). In Timepoints 2 and 3 we noticed a new code 
relating to both older codes: “student experience as a scientist.” 
This code refers to the instructor’s positive perception that stu-
dents were acting “like real scientists” and authentically partic-
ipating in “real” research. For example, one instructor noted:

“I think the students really enjoy it because it doesn’t have a 
known answer, and I think that’s kind of fun for them to under-
stand like, ‘This is how science works. We don’t always know 
what’s going to happen,’ or, ‘Our hypothesis isn’t always true.’ So 
it’s gone really, really well. I’ve been pleased with how it’s gone 
and how well the students seem to be enjoying it.”

This is consistent with DeChenne-Peters and Scheuermann 
(2022) who noted that several changes in faculty perception 
pre- versus post-CURE implementation relate to students. Over-
all trends in the type of codes expressed by instructors in Time-
points 1, 2, and 3 are described in Table 3. Similar to Timepoint 

1, student-related codes dominated the Relative Advantage cat-
egory for both Timepoints 2 and 3.

Expanders and Nonexpanders Differed in the Themes Rep-
resented in their Responses.  After identifying emergent codes 
for Timepoints 2 and 3, we compared the number of codes for 
expanders versus nonexpanders. Instructors who were nonim-
plementors were not included in this analysis (because most 
were not interviewed at these Timepoints). One expanding 
instructor declined to be interviewed at Timepoint 3 and so 
they were not represented in analysis of Timepoint 3 tran-
scripts. Thus, this analysis included 11 “expanders” in Time-
point 2, but only 10 “expanders” in Timepoint 3. In both Time-
points, there were five nonexpanders.

Figure 4 shows the number of different codes, within each of 
the three major DOI persuasion themes, expressed per instruc-
tor interview for Timepoints 2 and 3. In both timepoints, 
expanders and nonexpanders expressed a similar number of 
codes relating to the Relative Advantage of PARE. However, 
both Compatibility and Complexity themes showed trend (p < 
0.2) differences between expanders and nonexpanders at Time-
point 2 (p = 0.131 and p = 0.157, respectively; Mann-Whitney 
U tests) and Timepoint 3 (p = 0.117 and 0.171, respectively; 
Mann-Whitney U tests). The number of different Compatibility 
theme codes expressed was higher for expander instructors 
than nonexpanders for both timepoints while the number of 
different Complexity theme codes was higher for nonexpanders 
in both timepoints (Figure 4). Although these differences are 
not statistically significant at the 0.05 level, because of our 
small sample size and the qualitative and exploratory nature of 
this study we chose to investigate these trend differences 
further.

DOI theory proposes that adoption of an innovation is 
impacted not only by features of the innovation itself, but also 
characteristics of the individual, and the context in which the 
individual uses the innovation (Rogers, 1962, 2003). To exam-
ine this aspect of the framework more closely, we divided each 
of the “positive experience” codes in the main persuasion 

TABLE 3.  Most common codes expressed in Timepoints 2 and 3*

No. Instructors mentioning 
(Timepoint 1- out of 19)

No. Instructors mentioning 
(Timepoint 2- out of 16)

No. Instructors mentioning 
(Timepoint 3-out of 15)

Most common Compatibility codes
  Fit with course structure (Context) 16 13 15
  Ease of use for instructor n/a 7 11
  Support from institution n/a 3 8
  Fit with past experiences 10 6 3
Most common Complexity codes
  CURE-specific technical problem 3 11 11
  Confidence in student data n/a 7 4
  Student challenges 8 n/a n/a
  Student readiness/preparation/ability n/a 4 12
  Student reluctance n/a 7 11
Most common Relative Advantage codes
  Student engagement 11 16 15
  Student learning 6 13 11
  Student experience as a scientist n/a 10 11
  Broader impact 15 10 10

*Timepoint 1 code frequency provided for reference, where relevant. To see the most common codes expressed in Timepoint 1, see Genné-Bacon et al. (2020).
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themes (Relative Advantage, Compatibility) into subthemes 
related to the Innovation (e.g., “PARE is better for student 
learning than other teaching methods”), the Individual adopter 
(e.g., “I wanted to use PARE because I felt really bored with 
my old teaching methods”), and the Context of the implementa-
tion (e.g., “my course schedule needed a short-duration CURE 
like PARE”) (see Methods for more detail). For the DOI persua-
sion theme of Complexity, we found it necessary to create an 
additional subtheme for codes describing challenges related to 
Students (See Appendix 3 for a full breakdown of how codes 
were assigned). Within each Persuasion Stage subtheme we 
compared the number of different codes expressed by expand-
ing and by nonexpanding instructors. For a full analysis of all 
subtheme comparisons see Supplemental Figures 6–8 and 
Appendix 5.

Expanding Instructors Expressed Fewer Complexity Themes 
Related to the Individual Adopter.  As described above, nonex-
panders showed a trend toward expressing fewer different 
Compatibility code types and more Complexity code types. 
Breakdown of these codes by subtheme (i.e., Innovation-, Con-
text-, Individual-, or Student-focused Compatibility) revealed no 

significant or trend differences between expanders and non- 
expanders within the Compatibility subthemes (Supplemental 
Figure 7). However, analysis of Complexity revealed some 
interesting patterns across subthemes (Supplemental Figure 6 
and Appendix 5). We saw little difference in the number of 
different Persuasion themes expressed per instructor in the 
subthemes of Innovation-level Complexity or Student-level 
Complexity at either Timepoint, suggesting that the perceived 
Complexity difference was not driven by the innovation itself or 
by student-related issues. However, we did identify a significant 
difference (p = 0.0023) in number of different Individual-level 
Complexity codes expressed between expanders and non- 
expanders in Timepoint 3 (Table 4, Figure 5), as well as a trend 
difference (p = 0.102) at Timepoint 2. These included cases 
where the instructor expressed the codes of personal frustra-
tion, a lack of experience needed, or a lack of personal band-
width (see also Appendix 3). All five instructors categorized as 
nonexpanding (at Timepoint 3), when interviewed in Time-
point 2, expressed at least one code in this subtheme (with 
many expressing more than one code, for an average of 1.8 per 
instructor); less than half (5/11) of the expanding instructors 
expressed codes in this subtheme in their Timepoint 2 inter-
views (average of ∼0.8 codes per instructor). This discrepancy 
was similar in Timepoint 3, where again, every nonexpander 
expressed a code in this subtheme at least once (5/5, average of 
2.4 codes per instructor), while only half (5/10) the expanding 
instructors expressed any codes in this subtheme (average of 
0.5 codes per instructor).

In Timepoint 3 the Individual-focused Complexity subtheme 
code of “frustration or disappointment of instructor” showed 
one of the largest observed divides (second only to “lack of 
instructor knowledge/experience with research methods” in 
Timepoint 2, see Table 5) between expanders and nonexpand-
ers (p = 0.022), with 3/5 nonexpanders expressing this code, 
and 0/10 expanders expressing this code. For example, here 
one nonexpanding instructor expresses their frustration about 
how students engaged with the project:

“I gave them [students] suggestions about appropriate places to 
find soil samples from, I think, that would have some type of 
agricultural proximity or something related to agricultural run-
off. And I’d say, maybe about a third of the class actually did 
that. The frustration was that about two-thirds of the class got 
soil from their backyards and their houses, and they didn’t really 
make an attempt to find it from the environment. They kind of 
took the lazy way out and just got the soil from their backyards 
instead.”

Altogether the coding data from these interviews provides a 
complex picture of the different factors leading to an instructor 
expanding, discontinuing, or not expanding use of PARE. Post-
implementation, many new, emergent codes refer to students–
both positive and negative. Although not significantly different, 
non-expanders overall expressed more types of Complexity 
codes (negative sentiments) and fewer types of Compatibility 
code types (positive sentiments) than expanders, but no nota-
ble differences were observed in perceived Relative Advantage 
of the CURE between the two groups. A predominant negative 
sentiment expressed by nonexpanders relative to expanders 
relates to personal frustration or disappointment.

FIGURE 4.  The total number of different codes mentioned within 
the themes of Complexity, Compatibility, or Relative Advantage per 
instructor at Timepoint 2 and 3. Timepoint 2 Complexity (p = 0.131), 
Compatibility (p = 0.157), and Relative Advantage (p = 0.698). 
Timepoint 3 Complexity (p = 0.171), Compatibility (p = 0.117), and 
Relative Advantage (p = 0.958). Mann-Whitney’s U test were 
performed on all datasets.
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DISCUSSION
A Short-Duration, Modular CURE can Serve as a 
Low-Barrier Gateway into Longer CURE Experiences
We previously showed that PARE, a short-duration modular 
CURE, was perceived by instructors, preimplementation, to 
have fewer barriers to entry than other CUREs. However, we 
did not know whether this perception of PARE as low barrier 
translated to implementation. Instructors interviewed before 
implementation of PARE reported being motivated to try PARE 
due to its high compatibility with their course structures and 
budgets, and lower demands on their personal time and band-
width (Genné-Bacon et  al., 2020). In the current study we 
show, over the course of two follow-up interviews with these 
instructors, that this preimplementation perception does indeed 
translate to implementation and eventually to expansion of the 
CURE using either additional PARE modules or a custom expan-
sion of the research duration for the majority of participants 
(Research Question 1). To our knowledge, ours is the first study 
to explicitly examine whether expressed interest in a CURE 
translates to eventual adoption. Importantly, instructors were 
not incentivized to participate or persist in PARE, thus allowing 
an authentic portrait of the instructor experience. In our cohort 
of PARE-interested instructors, the trajectory patterns we iden-
tified supported our prediction that the design of PARE worked 
well as a low-barrier entrée to classroom research. Expanding 
users represented the majority of the cohort (11/19) and the 
ultimate goal for PARE classroom use. Shadle et al. (2017) have 
noted that when an evidence-based teaching practice expands 
on current practice, it can serve as a motivator. This might 
explain our “toe-dip expander” group; they start small with the 
core module then expand on that to later incorporate additional 
PARE modules. The “early expander” group would likely have 
been successful in implementing another CURE; they all had 
previous CURE experience and presumably felt they had the 
personal experience or institutional support necessary to 

expand PARE on their first implementation. Still, these experi-
enced instructors found utility in the flexible design of PARE. 
Longitudinal studies on a nonincentivized population are also 
important to understand discontinuance and factors that may 
predict it. Of the four instructors who discontinued use of PARE, 
most encountered disruptions to CURE teaching unrelated to 
PARE itself. Overall, the majority of instructors not only persist 
in using PARE, but actually expand the CURE experience 
beyond the short PARE core module. This finding is proof-of-
concept that short-duration modular CUREs can serve as a step-
pingstone to a longer CURE experience for students.

Adoption Outcomes may Differ Based on Situational 
Factors such as Institution Type
Numerous authors have written articles with practical advice to 
overcome CURE adoption barriers (Bakshi et  al., 2016; 
Heemstra et  al., 2017; Shortlidge et  al., 2017; Hensel and 
Davidson, 2018; Govindan et al., 2020) and awareness of insti-
tutional differences in adoption barriers has led to increased 
efforts directed at community college faculty (Bangera and 
Brownell, 2014; Wolkow et al., 2014; Hewlett, 2016; Schinske 
et  al., 2017; Hensel and Davidson, 2018 Hewlett, 2018; 
Hanauer et al., 2022; Rosas Alquicira et al., 2022). Given that 
differences in adoption rate can lead to inequities based on the 
demographic differences in institution type (Mullin, 2012; 
Ardalan, 2019), we were eager to see how adoption and expan-
sion compared by institution type in this longitudinal study. 
Here, we found that undergraduate-focused four year institu-
tions were significantly more likely to adopt an expanded ver-
sion of PARE, compared with doctoral-granting and associate’s 
dominant institutions. All instructors from primarily under-
graduate institutions (PUI) who implemented PARE at least 
once also eventually expanded. This is consistent with results 
from a national survey that showed CURE-implementation in 
inorganic chemistry labs was associated with institutions 

TABLE 4.  Analysis of Complexity codes relating to the Individual adopter

Instructor Institution type
Timepoint 3  

implementation status
No. of codes expressed in 

this subtheme (Timepoint 2)
No. of codes expressed in 

this subtheme (Timepoint 3)

B PUI Expanders 0 0
E PUI 2 1
G PUI 2 0
I PUI 0 0
J PUI 0 1
M PUI 0 0
O PUI 0 1
Q Doc 3 1
R PUI 0 1
T PUI 1 0
H CC 1 (not interviewed)

Average number of different codes expressed per instructor 0.8 0.5

A CC Nonexpanders 1 1
C Doc 1 2
F CC 2 2
L Doc 3 3
N CC 2 4
Average number of different codes expressed per instructor 1.8 2.4
p value for difference between groups (Mann-Whitney U test). p = 0.1016 p = 0.0023
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granting a bachelor’s-level terminal degree in chemistry and 
not those granting a graduate-level terminal degree (Connor 
et  al., 2022). Further, eight of nine PUI expanders held the 
title of assistant, associate, or full professor and of those, all but 
one (7/8) reported the opportunity for tenure (Appendix 4). 
Conversely, the majority of discontinuing instructors were from 
associate’s dominant colleges. While the majority (4/5) of 
instructors at associate’s dominant colleges implemented at 
least once, only one continued to implement by Timepoint 3. 
Instructors at doctoral-granting institutions showed greater 
diversity in adoption status: one never implemented, one con-
tinued to implement only the core PARE module with no 
expansion by Timepoint 3, one expanded use of PARE at Time-
point 3, and one had discontinued by Timepoint 3.

What could be driving differences in trajectory patterns 
between instructors at different institution types? It is possible 
that undergraduate-focused institutions are a particularly ideal 
setting for implementing CUREs because they tend to have 
smaller class sizes and a reward structure focused on teaching. 
However, this is often true for community colleges. It is note-
worthy that all the discontinuing instructors from associate’s 
dominant institutions encountered some type of disruption to 
their teaching which contributed to discontinuation of the 
CURE. Instructor perception of PARE as low barrier (Genné- 
Bacon et al., 2020) may have influenced these instructors to 
implement at least once, but lack of job stability at community 
colleges relative to PUIs may present an additional, previously 
underdescribed barrier to continued CURE use.

The lower rate of expansion among instructors at doctoral- 
granting institutions compared with PUIs is also noteworthy. 
Instructors at doctoral-granting institutions represent the only 
instructors in our cohort that are categorized as “sustained use” 
trajectory and “discontinued-discouraged.” Interestingly, both 
of these instructors managed large courses with multiple lab 
sections taught primarily by graduate teaching assistants. This 
is consistent with quantitative work demonstrating an inverse 
relationship between CURE implementation and having gradu-
ate teaching assistant support (Connor et al., 2022). Additional 
qualitative work has revealed that graduate teaching assistants 
teaching CUREs express feelings of inadequacy and lack of 
expertise (Heim and Holt, 2019) and have differing perceptions 
of the value and cost of CUREs (Goodwin et al., 2021). Mento-
ring teaching assistants may be critical for students to experi-
ence the full value of CUREs (Moy et al., 2019; Goodwin et al., 
2022; Goodwin et al., 2023) but may also require more time for 
CUREs than for traditional laboratory courses. Thus, the sup-
port of teaching assistants may have impacted our instructors’ 
perception of and their trajectory for PARE use.

Taken together, our findings suggest that future research 
should focus on possible institution-specific contextual features 
that predict success or difficulty in implementation, rather than 
institution type alone. For example, does the presence of teach-
ing assistants introduce complexities that should be addressed 
head on when implementing a CURE? Does the instructor’s 
position type (contingent/adjunct vs. full-time/stable faculty) 
impact likelihood of continuance? Is there a correlation between 
previously identified factors such as financial resources, and 
instructor’ personal time and institution type or persistence 
(Spell et al., 2014; Harris et al., 2015; Shortlidge et al., 2016; 
Craig, 2017; Genné-Bacon et al., 2020)? In addition, our the-
matic analysis of instructor perceptions adds an additional layer 
of complexity, as we will discuss below.

Adoption Outcomes may Differ Based on Perception of 
Rogers’ Persuasion Stage Themes
In addition to understanding overall trajectory patterns and sit-
uational characteristics associated with different adoption pat-
terns, we wanted to analyze how perceptions differ between 
expanders and nonexpanders (Research Question 3) in the con-
text of Rogers’ DOI theory. In Rogers’ DOI theory, users reflect 
on their experience by revisiting their perception of Persuasion 
Stage characteristics (e.g., Relative Advantage, Complexity and 
Compatibility). This retrospective perception informs the deci-
sion to use again, modify use, or discontinue. Analysis of inter-
view transcripts at Timepoint 3 uncovered similarities and 
differences between expanders and nonexpanders (most of 
whom are discontinuers), although we must keep in mind the 
small sample size associated with this qualitative study. First, 
although not statistically significant, overall nonexpanders 
express a trend toward more types of Complexity codes than 
expanders, while also expressing fewer types of Compatibility 
codes (Figure 4). This observation is consistent with expecta-
tions; in the DOI framework, Complexity is negatively cor-
related with adoption, while Compatibility and Relative Advan-
tage are positively correlated adoption. This expected finding 
provides support for the explanatory power of Rogers’ DOI 
theory as applied to CURE adoption. It should be noted that 
none of the most commonly expressed codes in this data set 

FIGURE 5.  The total number of different codes mentioned per 
instructor interview (at Timepoint 3) within the subtheme of 
Individual Complexity. Of all nine subthemes analyzed, Individual 
Complexity is the only one in which significant differences were 
observed between expanders and nonexpanders (Supplemental 
Figures 6–8).



23:ar31, 14	  CBE—Life Sciences Education  •  23:ar31, Fall 2024

E. Genné-Bacon et al.

(see Table 3) showed significant differences across groups, 
indicating that less frequently expressed codes are driving dif-
ferences between expanders and nonexpanders. Our second 
observation is that we saw no notable differences in perceived 
Relative Advantage (Figure 4), suggesting that even those who 
discontinue still see the value of PARE. This is consistent with 
our finding that all the instructors in the “encountered disrup-
tions” trajectory pattern were actively considering using PARE 
again in the future. Future quantitative work should be done to 
validate use of these Persuasion Stage perception themes as 
latent variables to measure factors negatively and positively 
associated with adoption.

Individual Perceptions Differ between Expanders and 
Non-Expanders.  To explore what factors might be driving 
trend differences in perceived Complexity and Compatibility, we 
grouped codes within each main theme into subthemes: those 
related to the teaching Context, the Individual faculty imple-
menter, and the Innovation itself (i.e., PARE). We identified one 
major difference: nonexpanders express more types of Individ-
ual Complexity subtheme codes than expanders (Figure 5). It is 
hard to interpret the reasons for this increased number of 
Individual Complexity subtheme codes in our small sample size, 
but codes common among nonexpanders include those relating 
to less experience, and more personal frustrations and difficul-
ties with using the CURE. However, we also saw a trend toward 
expanders expressing a larger diversity of Compatibility codes 
which may hint at the instructor’s environment influencing the 
ease of implementing the CURE. Larger studies are needed to 
investigate this further. When we consider these findings along 
with the trend in trajectory patterns (community college instruc-
tors were more likely to discontinue use), it highlights the diffi-
culty in disentangling effects due to the context versus personal 
attributes of the instructor. To this point, Rogers (2003, p. 24) 
acknowledges that the context or social system plays an import-
ant role in diffusion but that it is an often-overlooked area of 
diffusion research.

Findings like those described in this study illustrate that fail-
ure to adopt evidence-based teaching practices is often more 
complicated than a simple decision on the part of an instructor 

and may go beyond institution type. Notably, institution type 
was not a significant factor in the decision to implement PARE 
the first time (nonimplementors were spread across institution 
types), but instead only potentially came into play with per-
sistence in adoption of PARE. We see some evidence that fac-
ulty position type may be influential in persistence of CURE 
use–half of the discontinuing instructors held adjunct positions, 
and there was a significant difference in expansion status based 
on title (those holding titles containing “professor” are more 
likely to expand than those with titles such as “lecturer” or 
“instructor”). In a crosssectional study of knowledge and use of 
research-based instructional strategies in physics, Henderson 
et al. (2012) found that discontinuance was high, but institu-
tion type was not a barrier to knowledge or use. In a quantita-
tive study, Davis et al. (2020) found no differences in faculty 
participation in undergraduate research mentoring based on 
institution type but the perception of institutional support was 
a predictor for faculty mentoring of undergraduate research. In 
addition, to our knowledge, no studies have looked at faculty 
perception of the specific CURE as it relates to adoption. We 
propose that a next step in CURE adoption research should be 
to disentangle the role of situational variables and latent vari-
ables related to perception of barriers and motivators as they 
relate to CURE adoption outcome (discontinuance vs. adop-
tion). For example, what has the largest influence on whether 
an instructor will adopt or discontinue use of a CURE? Is it 
institution type? Is it job stability status (e.g., adjunct vs tenure 
track)? Is it personal attitudes or experience with teaching? 
Understanding the influences on CURE adoption is important 
for focusing dissemination efforts. Large quantitative studies 
may be needed to answer these questions.

The Role of Students in Faculty Adoption of CUREs.  DOI 
theory encompasses two main stakeholders driving dissemina-
tion: the individual adopter (e.g., faculty educator) and the 
“change agent” (e.g., administrators, institutional leaders, exter-
nal funding agencies, innovation creators, etc.). DOI theory has 
been applied to uptake/adoption of teaching innovations in 
higher education (e.g., Bennett and Bennett, 2003; Liao, 
2005; Straub, 2009; Warford, 2010; Henderson et  al., 2012; 

TABLE 5:  Individual-focused complexity codes expressed by expanders and nonexpanders

Individual code

Timepoint 2 Timepoint 3

No. of 
expanders 
mentioning

No. of 
nonexpanders 

mentioning
P = value 

(Mann-Whitney U)

No. of 
expanders 
mentioning

No. of 
Nonexpanders 

mentioning
P = value 

(Mann-Whitney U)

Frustration or 
disappointment of 
instructor

2 2 0.5467 0 3 0.022

Instructor knowledge or 
experience (With 
research)

0 3 0.0179 0 2 0.0952

Instructor knowledge or 
experience (With 
teaching)

2 0 0.5417 0 2 0.0952

Lack of instructor 
bandwidth

1 1 >0.9999 4 2 >0.9999

Uncertainty of results 4 3 0.5962 1 3 0.0769



CBE—Life Sciences Education  •  23:ar31, Fall 2024	 23:ar31, 15

Short-Duration CURE Catalyzes Expansion

Ntemana and Olatokun, 2012; Smith, 2012; Andrews and 
Lemons, 2015; Gonzalo et al., 2018; Menzli et al., 2022), but 
few, if any, studies of institutional reform using a DOI context 
consider the role of students in the faculty adoption process.

We and others (Brownell and Tanner, 2012; Genné-Bacon 
et al., 2020; DeChenne-Peters and Scheuermann, 2022) have 
identified several categories of faculty perceptions related to 
students. In our subtheme analysis of Complexity perceptions, 
we created a separate “student-level Complexity” subtheme for 
student-related concerns because we found it difficult to disen-
tangle whether challenges related to students were a result of 
the particular Innovation (in this case, the PARE project), the 
Context of implementation, or the Individual adopter. For exam-
ple, was the work associated with PARE (the Innovation) too 
difficult for the students whereas another CURE may have been 
more appropriate? Or were the students at that particular insti-
tution (institutional Context) not prepared to use PARE or any 
other CURE? Or is perceived student reluctance a function of 
the Individual instructor’s resilience and tenacity? Future DOI 
framing of adoption of educational innovations may need to 
adapt the theory to accommodate the role of students in faculty 
adoption of new teaching practices.

One might hypothesize that instructors who expressed more 
Student-level challenge codes would be more likely to be non-
expanders, however this did not seem to be the case in our 
study (Supplemental Figure 6, Appendix 5). There was little 
difference in the pattern of these codes expressed between 
expanders and nonexpanders. If anything, expanders expressed 
these themes slightly more often than nonexpanders. Many of 
the Relative Advantage codes identified in these transcripts also 
related to students (e.g., student engagement, student experi-
ence as a scientist, and student learning). These too, seemed to 
be evenly distributed among expanders and nonexpanders.

Limitations of this Study
This is a relatively small, qualitative study of instructors inter-
ested in a single CURE. While qualitative studies are a powerful 
way to gain detailed insight into instructor mindset, small sam-
ple size and narrow focus limit generalizability. A major finding 
of this study is proof-of-principle that short-duration modular 
CUREs can catalyze expanded use of CUREs. Future studies 
should examine other module-style CUREs to determine 
whether this finding is unique to PARE or carries over to other 
CUREs with similar modular approaches. We cannot disentan-
gle the importance of the short duration and modular aspects of 
PARE from other factors such as low cost. With the small num-
ber of instructors in this study, we are limited in statistical 
power to the examine how situational factors interact with 
CURE use trajectory. Larger scale, quantitative studies are 
needed to more fully examine these trends. Rogers’ DOI theory 
includes “Trialability” and “Observability” in addition to Com-
plexity, Compatibility and Relative Advantage as traits adopters 
consider, but these themes were rarely expressed in our inter-
views. It will be interesting to study whether discontinuance is 
higher with modular CUREs. One might postulate that discon-
tinuance is higher with PARE or modular CUREs relative to full 
semester CUREs because of the fact that there is less risk or 
up-front time involved, making it easier to abandon. Finally, 
while longitudinal tracking allows us to examine the evolving 
mindset of instructors as they move through the stages of the ID 

process, we cannot rule out the possibility that the act of inter-
viewing instructors influences their perceptions or use of PARE. 
Larger-scale cross-sectional studies would complement longitu-
dinal ones.

Recommendations/Interventions
Though this study is small and focused on a single CURE, it 
begins to provide insight into strategies that could be helpful in 
expanding student access to CUREs. These possible strategies 
span a number of different levels of intervention.

For CURE Designers.  As stated previously, this study serves as 
proof-of-principle that short-duration, modular design can 
increase adoption of longer-length CUREs by lowering barriers 
to entry. Most instructors expressing interest did in fact imple-
ment and after first implementation, PARE instructors tended 
to expand the duration of the CURE for their students. For 
instructors implementing in challenging contexts, short dura-
tion CUREs may be a good alternative to full-semester CUREs. 
Many instructors took advantage of the existing library of PARE 
expansion modules, though many expanded in other ways 
(e.g., developing their own extension or integrating another 
network CURE). Short-duration and modular CUREs are grow-
ing in popularity (Muth and McEntee, 2014; Hanauer et  al., 
2018; Hyman et al., 2019; Roberts et al., 2019; Bell et al., 2019; 
Dahlberg et al., 2020; Dizney et al., 2020; Zelaya et al., 2020; 
Gastreich, 2021), providing a library of possible expansion 
modules may help instructors create longer CURE experiences 
for students.

This research also suggests that there may be factors that 
predict discontinuance. A better understanding of these factors 
may allow CURE disseminators to target instructors working 
within these contexts for further support early in implementa-
tion and to better design CUREs to accommodate these factors. 
In our interviews, non-expanders (who are primarily discon-
tinuers) expressed Complexity codes more often in Timepoint 2. 
These interviews took place before any of those interviewed 
discontinued use of PARE. In particular, Individual Complexity 
subtheme codes such as lack of instructor knowledge/experience 
with teaching method, confidence in student data, and frustration 
or disappointment of instructor tended to be expressed more 
often by instructors who would later go on to discontinue use of 
PARE. Interventions such as additional training or coaching 
could be designed to address these issues. Lopatto et al. (2014) 
found that a central support system is perceived by instructors 
as helpful in sustaining use of a CURE.

For Institutions and Policy Makers.  We see evidence that 
instructor position type and job stability may influence adoption 
and expansion of CUREs. For example, the majority of expand-
ers held titles such as “assistant professor”, “associate professor”, 
or “professor” and we saw a trend difference based on potential 
for tenure track. It is especially noteworthy that so many of the 
discontinuing instructors in our cohort discontinued due to dis-
ruptions in their teaching. While this phenomenon has not been 
well-studied in this context, there may be other evidence of posi-
tion volatility leading to disruptions in CURE use. DeChenne-Pe-
ters and Scheuermann (2022) did not study discontinuance, 
however, they did show that many of the negative experiences 
with their CURE expressed by a community college instructor 
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stemmed from undergoing an abrupt change in teaching assign-
ment (the original instructor changed positions and a new 
instructor took over halfway through the CURE course). Disrup-
tions in teaching may be related to employment status. Half of 
the discontinuing instructors in our study were adjunct faculty 
who changed institutions during our study period. Adjunct and 
other contingent faculty have less job stability than tenure-track 
instructors or full-time contracted teaching staff. This may 
decrease motivation to invest the time needed for CURE imple-
mentation and increase the likelihood of discontinuance. Institu-
tions that wish to expand access to research experiences for their 
students should consider investing in instructional staff by pro-
viding a path for long-term job stability. As far as we are aware, 
this issue has not previously been discussed as a challenge to 
CURE implementation and is worthy of further investigation.

Closing Remarks
This qualitative study serves as a proof-of-principle that 
short-duration CUREs can serve as a steppingstone to longer 
duration CURE use. We also provide a glimpse into the evolving 
mindset and perceptions of instructors as they implement a 
new CURE for the first time. We have identified several possible 
factors that may contribute to sustained adoption or discontin-
uance. However, while qualitative studies such as this can pro-
vide rich data into instructor mindset, on their own they do not 
have the power to identify significant trends. Large-scale quan-
titative studies are needed to understand whether any of the 
factors identified here–such as institution type or job stability–
are significantly predictive of sustained CURE use.

ACCESSING MATERIALS
No additional materials available online
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