ARTICLE [

Evaluation of the Second Edition of
Entering Research: A Customizable
Curriculum for Apprentice-Style
Undergraduate and Graduate Research
Training Programs and Courses

Janet L. Branchaw,** Amanda R. Butz,' and Amber R. Smith*
"Wisconsin Institute for Science Education and Community Engagement and ‘Department
of Kinesiology, University of Wisconsin—Madison, Madison, WI 53706

ABSTRACT

The second edition of Entering Research (ER) is a collection of customizable active-learn-
ing activities, resources, and assessment and evaluation tools for use in undergraduate and
graduate research training programs and courses. Results from two design and develop-
ment research studies examining the effectiveness of the second edition of the ER curric-
ulum and a 2-day ER facilitator training workshop are reported. Pilot testing of the second
edition of the curriculum at 20 sites across the country (42 unique implementations) with
78 facilitators and 565 undergraduate and graduate research trainees provides evidence
that the ER activities are clear and complete and that they were effective in helping trainees
gain knowledge or improve their ability to do research. Overall, research training program
directors and trainees were satisfied with courses and workshops that incorporated activi-
ties from ER. Likewise, evaluation data from four ER facilitator training workshops showed
that participants valued the workshop and reported significant gains in confidence in their
ability to successfully develop and implement a custom ER curriculum. Together, these
results provide evidence that the ER curriculum and training workshop warrant further
efficacy, effectiveness, and scale-up research.

INTRODUCTION

The traditional, apprentice-style research learning experience, in which students work
one-on-one with a research mentor, is the primary model used to train future biology
researchers and future researchers in science, technology, engineering, mathematics,
and medicine (STEMM) generally. Though course-based research experiences (CUREs)
are becoming more common and are broadening access to research learning experi-
ences (National Academies of Sciences, Engineering, and Medicine [NASEM], 2015),
students who choose to pursue a career in research will participate in apprentice-style
research as part of their training. Therefore, providing high-quality, accessible appren-
tice-style research experiences is critical to our efforts to develop and diversify the next
generation of STEMM researchers.

Apprentice-style research experiences have been shown to contribute to the per-
sistence of undergraduate and graduate students in biology and STEMM generally,
especially for students who are members of underrepresented groups (Lopatto, 2007;
Chemers et al., 2011; Eagan et al., 2013; Chang et al., 2014; Linn et al., 2015). They
are high-impact learning experiences that can be transformative, altering a student’s
career trajectory toward or away from research, and are highly valued by STEMM
graduate program admissions committees (Sabitini, 1997; Hathaway et al., 2002;
Seymour et al., 2004; Hunter et al., 2007; Carter et al., 2009; Junge et al., 2010;
Laursen et al, 2010; Craney et al., 2011; Thiry et al,, 2011). Consequently,
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apprentice-style research experiences often serve as gateways
to STEMM graduate training programs and research careers.

Structured research training programs (e.g., graduate training
programs, research experiences for undergraduates programs,
research methods courses) provide just-in-time support for
cohorts of trainees engaged in apprentice-style research and help
to disperse the power differential inherent in one-on-one research
mentor-trainee relationships by providing complementary guid-
ance and structure (Chesler and Lohman, 1971; Darling, 1986;
Head et al., 1992; Hurtado et al., 1998, 2008; Kim et al., 1998;
Bauer and Bennett, 2003; Eby et al., 2004; Fenning, 2004;
Mullen, 2007; Wisker et al., 2007; Anderson and Shore, 2008;
Chan, 2008; Byars-Winston et al., 2011; Bartlett, 2012; Ngassa,
2013). The support provided by structured research training
programs can be particularly valuable for trainees from under-
represented backgrounds (Carter et al., 2009; Packard, 2015)
and can therefore advance efforts to diversify the research work-
force. Structured research training programs help mentors,
research teams, and thesis committees understand the challenges
that trainees are facing, particularly challenges that emerge from
the intersection of a trainee’s unique racial or cultural back-
ground and the traditional research training culture (Museus and
Liverman, 2010; Packard, 2015; Godwin et al., 2016; Layton
et al., 2016; Carver et al., 2017; Research Triangle International,
2018). Without program support, trainees whose experiences
and values do not align with traditional research culture may
struggle to develop the social and cultural capital they need to
successfully navigate and persist in research (Bauer and Bennett,
2003; Hurtado et al., 2008; Lewis et al., 2016; Mau, 2016; Carver
et al., 2017). The Entering Research curriculum is a collection of
activities and resources that develop the skills and knowledge
undergraduate and graduate research trainees need to navigate
the research culture and succeed in research.

Entering Research: A Curriculum for Structured Research
Training Programs

Entering Research, 1st Edition. The first edition of the Entering
Research (ER) curriculum (Branchaw et al., 2010) was devel-
oped to optimize the undergraduate apprentice-style research
learning experience by providing just-in-time support and com-
munity. The first edition consisted of a two-semester, stu-
dent-centered, active-learning curriculum designed for under-
graduate research training programs and courses. It created
community, structured the research experience, clarified behav-
ioral and performance expectations, and provided information
and resources to develop the social and cultural capital that
beginning undergraduate researchers need to successfully navi-
gate the research environment. The first edition addressed many
of the recommendations put forth in two recent studies from the
National Academies of Sciences, Engineering, and Medicine on
undergraduate research (NASEM, 2017) and graduate educa-
tion (NASEM, 2018), which document the importance of
research learning experiences at undergraduate and graduate
career stages, highlight the potential of research learning experi-
ences to advance efforts to diversify the STEMM research work-
force, and call for student-centered, evidence-based approaches
to be used in designing research training programs. Research on
the first edition showed evidence of increased learning outcomes
for student researchers who participated in an ER course relative
to a comparison group of research students who did not partici-
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pate in the course at the same institution (Balster et al., 2010).
Students who participated in an Entering Research course
reported statistically significantly higher gains in their skills,
knowledge, and confidence as researchers relative to a compari-
son group of students engaged in undergraduate research at the
same institution, but not enrolled in the course.

Entering Research, 2nd Edition. The evidence of effectiveness
with undergraduate research trainees and positive feedback
from users of the first edition of the ER curriculum motivated
development of the second edition of the curriculum, which
was funded by the National Institute of Health’s (NIH) Diversity
Program Consortium’s National Research Mentoring Network
(NRMN; www.diversityprogramconsortium.org). The second
edition was significantly reorganized, expanded, and adapted
for use with graduate students as well as undergraduate
students (Branchaw et al., 2020). A multidisciplinary team of
natural and social scientists with scholarly expertise and practi-
cal experience working with diverse research trainee popula-
tions at a variety of types of institutions was convened to adapt
existing and develop new curricular activities for the second
edition (see Supplemental Material for a complete list of
development team members and institutions). An iterative pro-
cess of adaptation/development, review, and revision was used
to deconstruct and expand the original two-semester curricu-
lum into individual activities and to develop new activities. A
common template and common rubric! were used during devel-
opment to set internal review criteria and to establish consis-
tency of content. The second edition has 96 individual activities
from which research training program directors can select to
construct custom curricula for use with small cohorts of 10-15
undergraduate or graduate students. Individual activities can
be integrated into existing research training program work-
shops or courses, or new workshops and courses can be created.

Activities to build research trainees’ awareness and skills to
manage equity and inclusion issues were developed for the sec-
ond edition to specifically address equity and inclusion in the
STEMM research environment. In addition, “inclusion consider-
ations” were added to the implementation guide for every activ-
ity to support research training program directors to adapt
activities for use with trainees of different backgrounds and lev-
els of preparation. A conceptual framework with seven areas of
trainee development and learning objectives was created to
organize the 96 activities in the second edition based on factors
identified in “foundational research” studies (Institute of Educa-
tion Sciences and the National Science Foundation [IES and
NSF], 2013) as important for research trainee development
(Table 1; a complete list of activities is in the Supplemental
Material). Evidence of validity of the hypothesized structure of
the framework was collected during development of the Enter-
ing Research Learning Assessment (ERLA; Branchaw and Butz,
2019; Butz and Branchaw, 2020, in press).

In this paper, we report results from two “design and devel-
opment research” studies investigating 1) the effectiveness of
the second edition of the ER curriculum in a nationwide pilot
test and 2) the value of a workshop to train research training
program directors (facilitators) to use the second edition
curriculum. The Common Guidelines for Education Research

*Activity templates and rubrics are available upon request from the authors.
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TABLE 1. Entering Research conceptual framework and example activities®

Areas of trainee development with learning objectives

Example activities

Research Comprehension and Communication Skills (RCC; 36% of curriculum)

* Develop Effective Interpersonal Communication Skills

* Develop Disciplinary Knowledge

* Develop Research Communication Skills

* Develop Logical/Critical Thinking Skills

* Develop an Understanding of the Research Environment

Practical Research Skills (PRS; 6% of curriculum)

* Develop Ability to Design a Research Project
* Develop Ability to Conduct a Research Project

Research Ethics (RE; 9% of curriculum)
* Develop Responsible and Ethical Research Practices

Researcher Identity (RID; 6% of curriculum)
* Develop Identity as a Researcher

Researcher Confidence and Independence (RCI; 7% of curriculum)

* Develop Confidence as a Researcher
* Develop Independence as a Researcher

Equity and Inclusion Awareness and Skills (EI; 11% of curriculum)

* Develop Skills to Deal with Personal Differences in the Research
Environment
* Advance Equity and Inclusion in the Research Environment

Professional and Career Development Skills (PD; 21% of curriculum)

* Explore and Pursue a Research Career
* Develop Confidence in Pursuing a Research Career

o Addressing Conflict

Aligning Mentor and Trainee Expectations

Prioritizing Research Mentor Roles

Your Research Group’s Focus

Communicating Research Findings 3: Developing Your

Presentation

o Research Writing 1: Background Information and Hypothesis
or Research Question

o Research Writing 7: Research Paper

O 0 0O O

o Research Writing 3: Project Design
o Searching Online Databases
o Safety Training Checklist

o Case Study: Authorship
o Truth and Consequences Article
o Research Writing 5: Peer Review Process

o Networking 3: Your Brand
o Personal Statement
o Developing a Curriculum Vitae

o Steps to Researcher Independence
Fostering Your Own Research Self-Efficacy
Case Study: Overwhelmed

[elNe)

Challenges Facing Diverse Teams
Privilege and White Fragility
Counter-Storytelling

Stereotype Threat

O O 0O O

The Next Steps in Your Career

My Mentoring and Support Network
Research Careers: Informational Interview
Letter of Recommendation

O 0 0O o

aPercentages reflect the proportion of activities that primarily fall within each area of trainee development relative to the total number of activities. A full listing of all
activities available in the Entering Research curriculum is available in the Supplemental Material. Activities can also be searched by area of trainee development on the

CIMER website, http://cimerproject.org.

and Development Report (IES and NSE, 2013) defines design
and development research as research to collect initial evi-
dence on an intervention that can be used as the foundation
for more advanced types of “efficacy, effectiveness, and
scale-up research.” The results of the two studies presented
here provide evidence that the second edition of the ER curric-
ulum is ready for use by undergraduate and graduate research
training program directors, that it is sufficiently promising to
warrant future efficacy, effectiveness, and scale-up research,
and that the ER training workshop is an effective way to train
research program directors to use the curriculum.

STUDY 1 (S1)

Design and Development Research on the 2nd Edition of
Entering Research

The first study sought to determine whether the second edition
of the ER curriculum achieved the intended outcomes under
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various conditions through pilot testing with research training
program directors (facilitators) and undergraduate and gradu-
ate students (research trainees) across the country. The primary
goal of pilot testing the second edition of the ER curriculum was
to measure whether and to what extent the facilitators and
research trainees found the curricular activities to be complete,
clear, and valuable. The following evaluation questions (EQs)
guided our study:

EQ1.1: How is the ER curriculum implemented?

EQ1.2: To what extent are the materials provided to facilita-
tors useful in their current form?

EQ1.3: How effective are the ER activities in helping trainees
gain knowledge and/or improve their ability to do research?
EQ1.4: What is the perceived value by trainees of participat-
ing in ER activities?

EQ1.5: What are trainees’ learning gains after participating
in an ER implementation?
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EQ1.6: To what extent are gains in research knowledge or
ability attributed by trainees to participating in ER activities
verses the research experience?

EQ1.7: What is the impact of ER implementations on train-
ees’ interest in conducting research in the future?

S1 METHODS

Participants

Sites were recruited for pilot testing through the NRMN
(https://nrmnet.net) and through the ER facilitator training
workshops. Overall, there were 42 unique pilot implementa-
tions: 31 implementations with undergraduate student partici-
pants, 10 implementations with graduate student participants,
and one implementation with a combination of undergraduate
and graduate student participants. Implementations occurred
at 20 different sites (75% doctoral-granting institutions; 10%
master’s-granting colleges; 10% medical colleges; 5% nonprofit
organizations; 15% minority-serving institutions). Trainees and
facilitators were surveyed at each site. Trainees from three
implementations and facilitators from two implementations did
not complete evaluation surveys; overall, data from 591 research
trainees and 78 facilitators were collected. Of the 591 trainees
who completed at least one evaluation survey (79% average
response rate), 570 provided consent for their evaluation sur-
vey responses to be used in research (Institutional Review Board
[IRB] protocol 2017-0026). Data from five participants who
reported their age as under 18 were removed from the data set,
resulting in a final sample size of 565 trainees. Demographic
information about the study participants is in Table 2, and cop-
ies of the pilot testing evaluation surveys are in the Supplemen-
tal Material.

Procedure

In pilot testing, activities were either 1) integrated into exist-
ing courses or programs alongside non-ER activities or 2) new
courses, programs, or stand-alone workshops were developed
that exclusively used ER activities. When selecting activities
for implementation, pilot testing facilitators were encouraged
first to identify the learning objectives for their trainees and
then to use the ER conceptual framework and their trainees’
career stage (undergraduate or graduate) and level (novice,
intermediate, or advanced) to identify appropriate activities.
This backward design process for curricular development
(Wiggins et al., 1998) was either conducted via telephone con-
sultations with an author of the curriculum or was part of the
facilitator training workshop in which some of the pilot testing
facilitators participated. Subsequently, this process has been
codified in the published curriculum (Branchaw et al., 2020),
where a step-by-step guide for creating custom curricula is
available.

Feedback from research trainees and facilitators was col-
lected via online surveys that were deployed either at the end
of a workshop series or, in the case of classes or programs last-
ing more than a few weeks, deployed at various time points
throughout the program to ensure participation in the ER
activities was fresh in the minds of participants (IRB protocol
2016-0458). Consequently, some questions had lower response
rates (and therefore lower sample sizes), because they were
asked on a later survey. The timing of these surveys varied
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based on facilitator preference and the scheduling of ER activ-
ities within a given course or program.

Data Sources and Analyses

Recording Implementations of ER (EQ1.1). Facilitators were
asked to forward copies of their syllabi or program schedules
before pilot testing so the research team could build custom eval-
uation surveys asking about specific activities. After implemen-
tation, but before surveys were deployed, facilitators confirmed
which activities had actually been implemented. The percentage
of activities implemented from each area of trainee development
was calculated by taking the number of activities implemented
by a facilitator from a given area of trainee development and
dividing it by the total number of activities implemented. The
types of programs in which activities were implemented (e.g.,
summer programs, courses, workshops) were also tracked.

Evaluating Ease of Implementing ER (EQ1.2). To under-
stand the extent to which the format and content of the ER
activities were useful to facilitators, we asked them to share
whether they had enough time to facilitate activities, whether
the facilitator notes were clear and complete, and whether
the student materials and handouts were clear and complete.
Facilitators answered each question with “yes” or “no” and
were given the option to provide specific comments through
open-ended prompts. The frequency and percentage of “yes”
responses to questions about enough time to facilitate an
activity, the clarity and completeness of the facilitator notes,
and the clarity and completeness of the student materials
were calculated to gauge facilitator satisfaction with and per-
ceived ease of use. Open-ended responses were also reviewed
to identify key themes across implementations and were used
formatively to guide ongoing activity refinement.

Evaluating ER Activity Effectiveness (EQ1.3). Overall activity
effectiveness was measured by asking trainees and facilitators:
“From your perspective, please rate how effective this activity
was in helping you (your trainees) gain knowledge and/or
improve your (their) ability to do research?” A five-point
response scale was provided ranging from 1 (very ineffective)
to 5 (very effective). The average effectiveness of activities in
each primary area of trainee development was measured by
calculating the average effectiveness of each individual activity,
then calculating an average effectiveness of activities under
each area of trainee development.

Evaluating Perceived Value of ER Curriculum (EQ1.4). Train-
ees were asked three questions to assess their satisfaction with
and the perceived value of ER activities. 1) “Overall, how effec-
tive were the facilitators in guiding discussion during your ER
activities?” 1 (very ineffective) to 5 (very effective); 2) “How
likely are you to recommend participation in ER activities?” 1
(very unlikely) to 5 (very likely); and 3) “Overall, was partici-
pation in the ER activities a valuable use of your time?” “yes” or
“no.” The average rating of facilitator effectiveness, the average
likelihood of recommending participation in ER activities, and
the percentage of individuals who responded “yes” when asked
whether participation in ER activities was a valuable use of
their time were used to measure trainees’ perceived value of the
ER curriculum.
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TABLE 2. Trainee demographic information (N = 565)*

Gender Percent
Female 50.1
Male 29.7
Other gender identity <1
Not reported 20.0

Race/ethnicity
Native American/Alaskan Native 1.2
White 43.4
Asian 10.4
African American 9.7
Multiple races 5.0
Other 5.5
Not reported 24.8
Hispanic 21.8

Training stage
First- or second-year undergraduate student 22.7
Third-, fourth, or fifth-year undergraduate student 46.4
Postbaccalaureate student 4.2
First- or second-year graduate student 13.8
Third-, fourth, or fifth-year graduate student 2.8
Other <1
Not reported 9.4

Prior research experience
Yes 55.8
No 34.5
Not reported 9.7

aRespondents could select Hispanic in addition to a race category. As a result, total
percentages for the sample may add up to more than 100%.

Evaluating the Impact of ER Implementations on Trainee
Learning (EQ1.5 and EQ1.6). The ERLA was administered to
assess trainee learning gains and the impact of ER implemen-
tations on trainee learning (EQ 1.5). The ERLA assesses
trainee learning gains in the seven areas of trainee develop-
ment articulated in the ER conceptual framework (Branchaw
and Butz, 2019; Branchaw et al., 2020; Butz and Branchaw,
2020, in press). Validity evidence for test content, internal
structure, convergence, and evidence of internal consistency
of the ERLA was collected and assessed using two separate
samples of trainees and mentors and was found to have
acceptable model-data fit and internal consistency statistics
greater than 0.81 for each subscale (Butz and Branchaw,
2020, in press). The ERLA consists of 53 items, and responses
range from 1 (no gain) to 5 (great gain). Subscale means for
each area of trainee development were calculated from train-
ees’ responses. A subset of facilitators opted to administer the
ERLA as part of their evaluation surveys; 111 trainees com-
pleted the ERLA. Average learning gains reported for each
area of trainee development were calculated based on train-
ees’ responses to the ERLA items corresponding to each area of
trainee development in the conceptual framework.

Trainees in 37 implementations were asked to attribute their
gains in research knowledge or ability to participating in the ER
activities; trainees in 34 implementations were asked this same
question in relation to their research experiences (EQ 1.6).
Responses could range from 1 (none) to 5 (a great deal). The
frequency with which trainees attributed a fair amount or a
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great deal of their learning gains to the ER activities was used to
measure the impact of participation in the activities compared
with the impact of doing research.

Evaluating the Impact of ER Implementations on Trainees’
Interest in Research (EQ1.7). Trainees were asked whether
their experiences in the ER course/seminar/workshop increased
their interest in conducting research in the future, with response
options ranging from 1 (strongly disagree) to 5 (strongly agree),
and were provided a text box to explain their answers. A mean
response to the item was calculated, and open-ended comments
associated with the responses indicating agree or strongly agree
(n=196) and disagree or strongly disagree (n = 15) were coded
to identify key themes raised by participants (EQ1.7). Responses
were open-coded using a multistep process (Creswell, 2009) to
allow themes to emerge. First, all open-ended responses were
reviewed, and key themes common across many responses were
identified by a researcher (A.R.B.). Next, all responses were
coded using the themes. During coding, some themes were
combined and reorganized. The results were reviewed by a sec-
ond researcher (J.L.B.), and any discrepancies were discussed
until agreement was reached. As a result of this discussion, the
initial themes identified were re-examined, and additional
codes were added to identify the extent to which trainee
responses aligned with the areas of trainee development out-
lined in the ER conceptual framework. Final codes were counted
across all themes to determine those most frequently identified.
The final codes, along with definitions and example quotes, are
presented in the S1 Results and Discussion.

S1 RESULTS AND DISCUSSION

EQ1.1: Activities from the ER Curriculum Were
Successfully Implemented in a Number of Ways

To evaluate how research training program directors would use
the activities, we invited pilot testers to select and test activities
that would meet their trainees’ needs. Consequently, some of
the activities were tested more extensively than others. In total,
85 activities were implemented by facilitators; 70 of those activ-
ities (88%) were implemented at least twice. The total number
of ER activities included in each implementation ranged from
one to 27; the average implementation included nine activities.
There were 10 activities for which no facilitator or trainee data
were available. Seven were new activities and five were from
the Research Comprehension and Communications Skills area
of trainee development. Four of the five addressed thesis writ-
ing at the undergraduate or graduate levels, which made them
difficult to implement as part of a workshop or course lasting
one semester or less.

Overall, the percentage of activities in each area of trainee
development used during pilot testing generally reflected the
percentage of those activities in the curriculum. The highest
percentage (42%) of activities implemented were from the
Research Comprehension and Communication Skills area,
which makes up 36% of the activities. Their overrepresentation
in implementations suggests that these activities align well with
the goals of existing research training programs and courses. By
contrast, the equity and inclusion awareness and skills activities
represent 11% of the curricular activities, but accounted for
only 5% of the activities implemented by pilot testers. We
learned through consultations and the discussions in facilitator
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training workshops that many of the pilot testers were less con-
fident of their ability to implement these activities compared
with the other activities. Consequently, even though pilot tes-
ters and workshop participants indicated that they thought
equity and inclusion activities were very important, they imple-
mented these activities less frequently. This is not surprising,
given that most research training programs do not prepare sci-
entists to address equity and inclusion (Davidson and Fos-
ter-Johnson, 2001; Prunuske et al., 2013; Butz et al., 2018).
Some facilitators have indicated they would prefer to give the
responsibility for facilitating these activities to outside experts,
but we have discouraged them from doing this, because it could
suggest to trainees that advancing equity and inclusion is not
the responsibility of scientists. Instead, we encouraged facilita-
tors to invite outside experts to cofacilitate these activities with
them to build their knowledge and confidence to assume full
responsibility for facilitating the activities in the future.

Of the 42 implementations included in pilot testing, 11
(26%) incorporated ER activities as part of a Summer Under-
graduate Research Experience, nine (21%) as part of a work-
shop or workshop series, two (5%) as part of a seminar, and 20
(48%) as part of a course. The diversity of types of implemen-
tations represented in this data provide evidence that the curric-
ulum is flexible and accessible to research training program
directors working in a variety of settings.

EQ1.2: Facilitators Reported the Implementation Guides
and Trainee Materials to Be Useful and Were Able to
Modify Activities to Suit Their Needs

Overall, facilitators were able to use the ER curricular materials
successfully. Across the 40 unique implementations for which
we received facilitator surveys, 99% of facilitators answered
“yes” when asked if the facilitator notes and trainee materials
were clear and complete for the activities they implemented.
This suggests that the ER activities were perceived by facilita-
tors to be of consistent quality and that the rigorous, iterative
review process used to develop activities yielded consistently
complete facilitator notes and trainee materials.

The positive numerical results were echoed in the comments
that facilitators provided. For example, one facilitator shared,
“The notes are very good. They provided guidance and talking
points that were helpful in getting students engaged.” Nonethe-
less, there was a range of responses, with a few facilitators com-
menting that the notes were too detailed, and others asking for
additional support and resources. We were not able to further
analyze these comments based on the relative experience or
self-perceived competence of facilitators, but responses indicat-
ing that there was too much or too little information suggest that
various levels of detail in the implementation guides are needed.

Facilitators shared similar positive feedback about the
trainee materials, noting that most materials provided clear
expectations and that they felt comfortable modifying the
materials to suit their trainees’ needs and the contexts of their
implementations. For example, one facilitator noted, “I felt the
student materials were also clear and complete. More impor-
tantly, the students found them clear and complete. No one
seemed confused by them.” A few facilitators noted that it was
difficult to find the supporting materials referenced in the
trainee handouts. We have since integrated these supporting
materials into the activities whenever possible.
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Facilitators reported that they had enough time to facilitate
the activity for 94% of the activities that were implemented.
When activities ran over time, facilitators frequently com-
mented that it was due to ongoing discussions that they did not
want to end. For example, one facilitator shared, “We ran out of
time on Elevator Sentences; we took our leisure to understand
and give comprehensive feedback for each participant. I am
glad we did that despite using at least double the amount of
time initially allotted to that activity.” When activities ran under
time, facilitators often attributed it to the size or characteristics
of the group or to modifications that they had made. One facil-
itator noted, “I found that the time allocated for some of the
activities could be shortened based on the level of exposure of
the learners. I had a smaller group, so sometimes it wasn't
worth doing a think—pair—share.” At times, facilitators noted
that the constraints of the implementation (e.g., having a set
amount of time for each session) led them to modify the timing
of activities. We interpret these responses as an indication that
facilitators were able to modify the activities to suit their pro-
grams’ needs.

A criticism of the first edition of the ER curriculum was that
the two-semester format was rigid and made it difficult for
research training program directors and instructors to identify
and modify activities for use in their programs. These evalua-
tion data suggest that this limitation has been addressed with
the reorganization of the second edition and that facilitators are
able to effectively identify and implement relevant activities
using the guidelines provided. Importantly, the data also reveal
that the structure of the activities gave facilitators permission
and confidence to modify them without too much effort, which
we encourage facilitators to do when integrating ER activities
into existing programs or courses.

EQ1.3: Reported Effectiveness of ER Activities in Helping
Trainees Gain Knowledge and/or Improve Their Ability to
Do Research

For reporting purposes, the trainee and facilitator individual
activity effectiveness data are grouped by the primary activity
area of trainee development (Figure 1). Overall, the activities
were rated as effective by both facilitators and trainees, with
slightly higher ratings from facilitators. Facilitators rated activi-
ties from the Research Comprehension and Communication
Skills area of trainee development highest (M = 4.39; SE =
0.090) and activities from the Research Ethics area of trainee
development lowest (M = 4.17; SE = 0.063). Trainees rated
activities from the Professional and Career Development Skills
area of trainee development the highest (M = 4.00; SE = 0.047)
and activities from Equity and Inclusion Awareness and Skills
the lowest (M = 3.82; SE = 0.092).

Though the overall variability of facilitator and trainee rat-
ings across the areas of trainee development is relatively small
(from 3.82 to 4.39), these data show a mismatch between what
research training program directors perceive to have had the
greatest impact on their trainees’ development (Research Com-
prehension and Communication Skills activities) and what their
trainees perceived to have had the greatest impact on their
development (Professional and Career Development activities).
Such a mismatch suggests that research training program direc-
tors should gather input from their trainees about their needs
before selecting activities and that they should monitor their
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Average Activity Effectiveness

RCC PRS RE RID RCI El PD

Activity Area of Trainee Development

OTrainees M Facilitators

FIGURE 1. Average activity effectiveness by activity primary area of trainee development
trainee prompt: From your perspective, please rate how effective this activity was in
helping you gain knowledge and/or improve your ability to do research? Facilitator
prompt: From your perspective, how effective was the activity in helping mentees gain
knowledge and/or improve their ability to do research? Responses could range from 1
(very ineffective) to 5 (very effective). Error bars reflect the SEM. RCC, Research Compre-
hension and Communication Skills; PRS, Practical Research Skills; RE, Research Ethics;
RID, Researcher Identity; RCI, Researcher Confidence and Independence; El, Equity and
Inclusion Awareness and Skills; and PDS, Professional and Career Development Skills.
Trainee and facilitator per unique implementation N: RCC = 425, 34; PRS =108, 10;

RE =207, 16; RID = 258, 21; RCI = 251, 24; EIA=134, 11; PD = 255, 28.
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cate that facilitators were able to effec-
tively engage trainees in the ER activities
and that trainees valued the experience.

EQL1.5: Trainees Participating in ER
Activities Reported Learning Gains
across All Areas of Trainee Development
A subset of pilot testing trainees (n = 111)
completed the ERLA during Spring and
Summer 2018 implementations. Gains in
all areas of trainee development were
above 3.80 on a scale ranging from 1 (no
gain) to 5 (great gain). Trainees reported
learning gains in all areas (Figure 2), with
the largest gains in Research Comprehen-
sion and Communication Skills (4.17; SE=
0.065) and the smallest gains in Equity
and Inclusion Awareness and Skills (3.80;
SE = 0.091), reflecting the most and least
addressed areas of trainee development,
respectively.

The alignment of learning gains with
the number of ER activities implemented
in each area of trainee development sug-

trainees’ perceptions and learning throughout implementation
to determine whether real-time curricular adjustments should
be made.

As mentioned earlier, facilitators were generally less com-
fortable implementing the Equity and Inclusion Awareness and
Skills activities, and fewer implementations of these activities
were reported. The small number of implementations coupled
with the fact that these activities were probably less effectively
facilitated based on our pilot testers’ confidence levels may
account for the lower ratings from trainees. In addition, the
common perception that equity and inclusion are not core to
the STEMM research mission (Prunuske et al. 2013; Butz et al.,
2018) may have led to dissatisfaction with the inclusion of
these activities in a program or course traditionally focused on
developing research skills and knowledge and preparing future
researchers for successful STEMM careers. We argue, however,
that only by integrating these types of activities into research
training curricula and engaging established and aspiring
STEMM researchers in conversations about equity and inclu-
sion, even if they feel uncomfortable, will STEMM research
culture become more inclusive and the discussion of equity and
inclusion become increasingly perceived as central to trainee
development.

EQ1.4: Trainees Valued Their Participation in ER
Implementations

Overall, trainees (n = 304) rated facilitators as effective in guid-
ing ER activity discussions, with an average rating of 4.41 on a
scale ranging from 1 (very ineffective) to 5 (very effective; SE =
0.044), 80% (n = 242 of 303) reported that they were likely or
very likely to recommend participation to their peers, and 90%
reported that participation in the ER activities was a valuable
use of their time (n = 274 of 303). Together, these results indi-
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gests that implementations with more

activities addressing a particular area of

trainee development yield greater learning
gains in that area. However, without a comparison group or
data to control for other non-ER activities and the research
experience itself, it is impossible to establish a causal effect.
Future research will test this. Regardless, practitioners inter-
ested in implementing ER activities should assess student learn-
ing using multiple measures. For example, in addition to mea-
suring student self-assessments of learning gains using the
ERLA, the matched ERLA mentor survey can be used to mea-
sure and compare the mentor’s assessments of the trainee’s
learning gains. In addition, assessment of research products
that reflect student learning gains such as papers and presenta-
tions can be made using common rubrics. Several rubrics are
included in the ER curriculum.

EQ 1.6: Research Experiences and Participation in ER
Activities Both Contribute to Trainee Perceived Gains in
Research Knowledge or Ability

Beyond asking trainees to rate the activities and self-assess their
learning gains in the various areas of trainee development, we
also began to explore the extent to which participation in ER
activities contributed to trainee gains relative to the gains they
experienced from doing research alone by asking them to attri-
bute their gains in research knowledge and ability to their par-
ticipation in ER activities or to doing research (Figure 3). As
expected, students attributed a fair amount (24%) or a great
deal (63%) of their gains in research knowledge and ability to
their participation in the research experience. However, many
also reported that participating in a course or workshop with
ER activities contributed a fair amount (36%) or a great deal
(31%) to their gains in research knowledge and ability. This
suggests that activities in the areas of trainee development
focused on developing these skills, namely Research Compre-
hension and Communication Skills and Practical Research
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Trainee Self-Reported Learning Gains
w

example, activities that help trainees to
establish positive relationships with their
mentors and research group colleagues will
I likely have the greatest impact at the begin-
T ning of the research experience, while
activities that develop trainees’ research
writing and presentation skills will likely
have the greatest impact when trainees are
preparing to submit their research for pub-
lication or to present at a conference.

EQ1.7: Experiences in ER Implementa-
tions Contribute to Trainees’ Reported
Interest in Conducting Research in the

RCC PRS RE RID RCI

Area of Trainee Development

FIGURE 2. Average learning gains reported by trainees who participated in ER interven-
tions. Responses could range from 1 (no gain) to 5 (great gain). Each mean corresponds to
an area of trainee development addressed in the ER curriculum. Error bars represent the
SEM. RCC, Research Comprehension and Communication Skills; PRS, Practical Research
Skills; RE, Research Ethics; RID, Researcher Identity; RCI, Researcher Confidence and
Independence; El, Equity and Inclusion Awareness and Skills; and PDS, Professional and

Career Development Skills. N =112.

Skills, provided complementary and useful support to trainees
engaged in doing research.

To explore the value added by ER activities further, we will
incorporate data from comparison groups and learning attribu-
tion questions for all areas of trainee development into future
research on the effectiveness and impact of the curriculum. Even
so, because the ER curriculum is process based and the activities
are designed to be implemented while trainees are engaged in
the research learning experience, we anticipate that it will be
challenging to disentangle and attribute learning gains resulting
from the research experience from learning gains resulting from
participation in ER activities. Consequently, those interested in
implementing ER activities should consider not only which
activities will address gaps in training in their programs, but
how and when those activities will provide the just-in-time sup-
port their trainees need to be successful doing research. For

Research Experience (n = 223)

ER course or workshop (n = 270) (.

0% 20% 40% 60%
Percentage of Responses

B None WA lLittle #Some # A Fair Amount

FIGURE 3. Trainee learning attribution. Trainees were asked to report how much their
experience doing research and their experience participating in ER activities contributed

to their gains in research knowledge or ability. N = 225.
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M A Great Deal

Future in a Number of Ways

Of the 273 trainees who responded to the
question “My experience in this course/
workshop increased my interest in conduct-
ing research in the future,” 71% (n = 194)
agreed or strongly agreed. The average
response was a 3.94 (SE=0.055) on a scale
ranging from 1 (strongly disagree) to 5
(strongly agree). Codes and definitions that
were assigned to open-ended responses
and the frequency with which each code
was assigned are reported in Table 3. Of the
194 trainees who indicated that they agreed or strongly agreed
that their participation in the course/workshop increased their
interest in conducting research in the future, 146 (75%) provided
a response to the open-ended prompt. Sixteen (8%) individuals
indicated that they strongly disagreed or disagreed with this
statement, and of those, 11 provided a response to the open-
ended prompt.

Trainees reported that experiences or skill gains related to
Professional and Career Development Skills (36%) and Research
Comprehension and Communication Skills (32%) had the
greatest impact on their interest in future research experiences
and training. Trainees who reported that a course or program
that included ER activities helped them clarify their research or
career interests and plans often commented that it allowed
them to see a possible path (or multiple pathways) to a research
career, or, alternatively, how a career in research was not the
right path for them, indicating that ER
activities prompt trainees to think about
whether a career and life in research is the
right fit for them. Trainees who noted that
their interest increased because of oppor-
tunities to build or apply Research Com-
prehension and Communication Skills
reported that the ER activities helped to
demystify the research experience and the
norms and expectations of research.

The open-ended responses also pro-
vided insight into how specific ER activi-
ties either complemented or filled gaps
in trainee research learning experiences
(27%) and provided direct references to
the research experience or to research
mentors; 13% of trainee responses
noted that the research experience itself

El PD

80% 100%
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TABLE 3. Codes and example responses of reasons why trainees’ interest in research increased or decreased

Number of times
code assigned?

Increased  Decreased
Interest Interest
Code and definition Example responses (N = 146) (N=11)
Research Experience. Describes Increased: “Having a great experience in my lab with a mentor who was 19 2
impact or role of the research there for guidance increased my interest in conducting research in the
experience or research mentor. future”
Decreased: “My graduate student mentor was not helpful and made me
feel not welcomed and uncomfortable. I always felt as an inconvenience
to him.”
Skills and Experience-Describes
experience or skill gain related to
each area of trainee development
Professional and Career Increased: “I think understanding that I can really translate skills to any 53 4
Development Skills area of research was useful. It made me further understand that I will
not be ‘stuck’ conducting the same research my entire life.”
Decreased: “I gained a lot of respect for the people that pursue a career
working in research, but I don’t believe that it would be something that I
would pursue thanks to this experience.”
Research Comprehension and Increased: “Being able to understand that there is more to research than 47 1
Communication Skills just results. That it is about interacting with different people to try and
reach some conclusion, that will lead us to another topic. That idea is
what stuck with me from these discussions.”
Decreased: “This workshop enforced that science is a hierarchical field
that is difficult to break into.”
Researcher Confidence and Increased: “Increased the idea of possibilities and combating ideas of 18 0
Independence imposter syndrome and lack of self-worth. Overall the experience is
quite energizing and stimulating.”
Practical Research Skills Increased: “Having the knowledge and tools to conduct even basic 13 0
research helps me feel less anxious about pursuing further research
opportunities.”
Equity and Inclusion Awareness Increased: “Being able to reframe a negative experience makes you 5 0
and Skills better equipped to face challenges in the lab in the future. It allows you
to work through that hard moment and be ready for future hardships.”
Research Ethics Increased: “1 feel my interest has increased; however, the class has 4 0
brought to light the reality of working in research including the
competitiveness and the importance of ethics and transparency in
research.”
Researcher Identity Increased: “Having the opportunity to conduct research in a different 2 0
university and laboratory made me realize that no matter where I am at,
I can see myself having a career as a research scientist.”
Workshop, Course, or Activity. Increased: “Methods taught to aid better literature reading and scientific 39 4
Reference to a course or workshop writing helped a lot.”
featuring activities covered in the Decreased: “I do not enjoy the class but I do enjoy the research aspect
ER curriculum or specific activities itself. My mentor ... is a wonderful professor and leader.”
from the ER curriculum.
Entering Research Cohort. Describes Increased: “From the workshops, it showed me that other people have 12 0
the impact of the community similar thoughts about their research experience (good or bad) and it is
created by ER implementations. ok to talk about these situations without being embarrassed. This
provided the feeling of a support network in research and encouraged
me to keep going.”
Facilitator. Reference to a facilitator. Increased: “The enthusiasm/knowledge of the instructor.” 2 0
General Interest, Experience or Increased: “Overall I learned so much about research and I have really 13 1
Skills. Trainee expressed that liked it so far. I feel really good about the skills I have gained.”
interest increased in general, or Decreased: “Nothing could have increased my interest, I am maximally
referenced their experience, but did interested in research.”
not provide specific examples.
Other. Responses that did not directly Increased: “I have taken many courses that have increased my interest in 2 0
address the question. research such as, cell physiology, biochemistry, and genetics.”
“Responses could be assigned multiple codes, so total number of codes may exceed the total number of responses.
CBE—Life Sciences Education e 19:arll, Spring 2020 19:arll, 9
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increased their interest, and 1% said that it decreased their
interest. One response in particular reflects how research expe-
riences and a program that incorporates ER activities can pro-
foundly impact a trainee’s interest in continuing in research:
“Having the opportunity to conduct research in a different uni-
versity and laboratory made me realize that no matter where I
am at; I can see myself having a career as a research scientist.
Additionally, the workshops/seminar provided made me realize
that there will of course be challenges faced in this field, espe-
cially as a minority in STEM, however, learning about the ways
that can help me through it gave me confidence to continue
pursuing this career.”

Overall, the open-ended responses provide insight about
which ER activities may have the greatest influence on research
trainees and how the activities are valued, or not, by trainees.
In addition, all areas of trainee development in the ER concep-
tual framework were represented in the comments, further con-
firming that the ER conceptual framework captures the various
dimensions of research trainee development.

S1 CONCLUSIONS

The first design and development research study provides evi-
dence that research training program directors are willing and
able to use the second edition of the ER curriculum and that
participation in the activities is valued by research trainees. Pilot
testing data indicate that the activity template, review rubric,
and iterative development process yielded well-constructed
accessible activities and that the revision and expansion of the
curriculum did not negatively affect the gains in research trainee
skills, knowledge, and confidence reported in the study on the
first edition of the curriculum (Balster et al., 2010). Moving for-
ward, this gives us confidence that facilitators will be able to
implement the ER activities with fidelity and that trainees will
fully participate in them in future efficacy, effectiveness, and
scale-up research studies investigating the long-term impacts of
the second edition of the ER curriculum on research trainee
learning gains, development, and career trajectories.

STUDY 2 (S2)

Design and Development Research on an Entering
Research Facilitator Training Workshop

The second study sought to determine whether a two-day ER
facilitator training workshop effectively prepared research train-
ing program directors to design and implement training interven-
tions using activities from the second edition of the ER curricu-
lum. The ER facilitator workshop employs the backward design
process (Wiggins et al., 1998) to train facilitators to first define
learning objectives for their research trainees and then to use the
ER conceptual framework to identify activities and aligned
evaluation and assessment tools to use in their research training
program intervention. The workshop also provides training on
best practices in facilitation and implementation planning.

The first day of the workshop includes an introduction to the
ER conceptual framework, activities, and assessment and eval-
uation tools; an introduction to backward design; instruction
on how to use the ER conceptual framework to sort and find
activities; and an opportunity to practice facilitating ER activi-
ties, all of which rely on active-learning pedagogies. On the sec-
ond day of the workshop, participants are provided structured
time to work on developing their ER training interventions.

19:arl1l, 10

They each build a custom ER curriculum and develop imple-
mentation and assessment/evaluation plans. Participants share
and discuss drafts of their trainee learning objectives, the ER
activities they have selected to address those objectives, the
learning assessment and program evaluation instruments they
plan to use, and their implementation plans. The second day
concludes with a structured discussion of the challenges they
may face in facilitating activities, assessing student learning,
and implementing and evaluating their intervention implemen-
tations, with a brainstorming session to develop strategies to
use to address the challenges and a presentation of the resources
available to support them.

Between Fall 2017 and Spring 2019, the ER training work-
shop was implemented four times. After each implementation,
iterative refinements were made based on formative evaluation
data collected from workshop participants and reflections
shared by workshop facilitators. These changes included
increased time for practice facilitation, the addition of an equity
and inclusion awareness activity as a practice facilitation activ-
ity, more time dedicated to the discussion of evaluation and
assessment tools, refinement of the preworkshop and day 2
preparation assignments, and incorporation of a structured
backward design packet to guide the curricular development
work time on day 2.

This study of workshop effectiveness was guided by the
following evaluation questions:

EQ2.1: What is the perceived value and quality of the
workshop?

EQ2.2: Did the workshop meet its stated goals?

EQ2.3: What were participants’ self-reported gains in confi-
dence?

EQ2.4: Do these workshops provide opportunities for partic-
ipants to make sufficient progress on developing ER curric-
ula and implementation plans for their interventions?
EQ2.5: What is the longer-term impact of the facilitator
training workshop on participants’ capacity to successfully
implement ER interventions?

EQ2.6.: Are trained facilitators implementing their planned
ER interventions? In what ways is the ER curriculum being
implemented in these interventions?

EQ2.7: What do workshop participants perceive the quality
of their intervention implementations to be?

S2 METHODS

Participants

Invitations to participate in the workshop were distributed
throughout the NRMN community, to all National Science
Foundation-funded Research Experiences for Undergraduate
site program directors, and to graduate and undergraduate
training program directors of NIH-funded Minority Access to
Research Careers and NIH-funded R25 programs. Individuals
who applied to attend a workshop and intended to implement
ER training with undergraduate and/or graduate trainees
within 12 months of attending the workshop were invited to
participate. Four 2-day workshops with 114 participants from
64 unique institutions were held between Fall 2017 and Spring
2019. Nine attendees (8%) were from historically black
colleges and universities, and five attendees (4%) were from
Hispanic-serving institutions. Participant demographics are
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TABLE 4. Facilitator training workshop participant demographic
information (N = 94)

Gender Percent
Female 72.3
Male 23.4
Not reported 4.3

Race/ethnicity
White 69.1
Asian 5.3
African American 11.7
Multiple races 5.3
Other 3.2
Not reported 5.4
Hispanic 11.7

Professional role
Professor 36.2
Scientist/researcher 12.8
Lecturer/instructor 11.7
Dean 4.3
Training program director 34.0
Postdoctoral fellow 1.1
Graduate student 4.3
Other (e.g., other director and coordinator positions) 19.1

Percentage of job dedicated to implementing mentee

training 31.22

aRespondents could select Hispanic in addition to a race category and could select
multiple professional roles. As a result, total percentages for the sample may add
up to more than 100%.

reported in Table 4, and the career stages and disciplines of
their trainees in Table 5.

Procedure
At the conclusion of each workshop, an evaluation survey was
distributed electronically to all workshop participants. Of 114

TABLE 5. Facilitator training workshop participants’ research
training program information (N = 114)

Career stage of research trainees N Percent
Undergraduate 88 77.2
Postbaccalaureate 14 12.3
Graduate 40 35.1
Other 8 7.1

Discipline of trainees
Biological sciences 43 37.7
Computer science 4 3.5
Engineering 17 14.9
Environmental research and education 7 6.1
Math and physical sciences 34 29.8
Social and behavioral sciences 14 12.3
Humanities 3 2.6
Medicine 7 6.1
Biomedical 14 12.3
All STEM disciplines 10 8.8
All disciplines 7 6.1
Other 6 5.3

aCareer stage of trainees and disciplines of trainees are based on information
provided on participant workshop applications. Some individual workshop partic-
ipants hosted multiple programs for trainees that spanned multiple career stages
and disciplines, so column totals may add up to more than 100%.
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workshop participants, 94 (82%) responded to the survey. Data
from these surveys were used to answer EQs 2.1 through 2.5.
Facilitators who attended workshops in Fall 2017 and Spring
2018 (N = 52) were invited to complete a second, follow-up
implementation survey in Fall 2018. Thirty facilitators com-
pleted the survey (58% response rate). Data from this survey
were used to answer EQs 2.5 through 2.7. Copies of both the
postworkshop and follow-up implementation surveys are avail-
able in the Supplemental Material (IRB protocol 2016-0458).

Data Sources and Analyses

Perceived Quality and Value of the Workshop (EQ 2.1). The
quality and value of the workshop were assessed from partici-
pants’ ratings on a five-point scale ranging from 1 (poor) to 5
(excellent) of several aspects of the workshop (e.g., facilitation
of activities, the curriculum, participant materials) and their
ratings of the value of specific topics addressed in the workshop
(e.g., developing learning objectives, assessing trainee learn-
ing) on a five-point scale from 1 (not at all valuable) to 5
(extremely valuable). Means and standard errors for each item
were calculated. Items were iteratively refined as the workshop
structure and topics evolved.

Workshop Met Its Stated Goals (EQ 2.2). Participants were
asked: “To what extent do you feel you met each of the follow-
ing workshop objectives?” Responses could range from 1 (not
at all) to 5 (a great deal). One question, “become familiar with
NRMN resources & community” was changed to “become famil-
iar with resources & community available to Entering Research
facilitators” starting with the Fall 2018 workshop to acknowl-
edge the continuation of the community beyond the funding
period of the NRMN grant. These two items were combined and
analyzed together. Means and standard errors for the extent to
which participants felt that they met each of the workshop
objectives were calculated.

Participants’ Self-Reported Gains in Confidence (EQ
2.3). Participants were asked to retrospectively assess their con-
fidence with regard to several skills and practices addressed in
the workshop, thinking back to before attending the workshop
and now, after the workshop. Responses could range from 1
(not at all confident) to 7 (extremely confident). Means and
standard errors for each skill were calculated and depen-
dent-samples t tests were conducted to determine whether the
differences were statistically significant at p < 0.05.

Assessment of Progress on ER Curriculum and Implementa-
tion Plans (EQ 2.4). We were particularly interested in whether
the “work time” incorporated into day 2 of the workshop was
valuable and provided participants with a tangible outcome
(i-e., a curriculum and implementation plan). To assess this, we
asked participants to consider whether the time spent building
their curricula during the workshop was valuable; responses to
this question could range from 1 (strongly disagree) to 5
(strongly agree). Participants were also asked to report how
complete they felt their curricula and implementation plans
were at the end of the workshop on a scale ranging from 0% to
100%. Means and standard errors for the question assessing the
value of the time spent on curricular planning as well as the
extent to which participants’ curricula and implementation
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plans were complete at the conclusion of the workshop were
calculated.

Long-Term Impact of Workshop on Participant Implementa-
tions of ER (EQ 2.5). To evaluate the impact of the workshop on
participants’ implementations, we considered several sources of
data. In the postworkshop evaluation survey, we asked partici-
pants, “Have your implementation plans changed as a result of
attending this workshop?,” and “If yes, please explain any
changes in your implementation plans.” This invited partici-
pants to describe what changes they had made or intended to
make based on their experiences in the workshop. First, the
percentage of individuals who responded “yes” to the question
asking whether their implementation plans had changed as a
result of attending the workshop was calculated. Next, the open-
ended responses to the question asking them to explain any
changes they had made in their implementation plans were
analyzed. An open-coding approach was used by one researcher
(A.R.B.) to identify themes in the responses. Following the pro-
cess described in study 1 (Creswell, 2009), these themes, along
with the original responses, were reviewed by a second researcher
(J.L.B.). Any discrepancies in coding were then discussed until
agreement could be reached. The total number of responses
assigned to each code was tallied to identify the most prominent
themes. The final codes, along with definitions and example
responses, are reported in the S2 Results and Discussion.

On the follow-up implementation survey sent to participants
in the first two workshops, participants were asked: “How help-
ful was attending the Facilitating Entering Research workshop
in preparing you to implement this training?” Responses could
range from 1 (extremely unhelpful) to 5 (extremely helpful).
Also, as part of the follow-up implementation survey, partici-
pants were asked how confident they felt in their ability to
implement ER training activities, thinking back to before
attending the workshop and now, after implementation.
Responses could range from 1 (not at all confident) to 7
(extremely confident). Means and standard errors were calcu-
lated to determine the average facilitator self-reported level of
preparation and confidence to implement a training interven-
tion; a dependent-samples t test was conducted to determine
whether participants’ retrospective confidence ratings were
significantly different from the confidence that they reported
before attending the workshop.

Implementations of ER by Trained Facilitators (EQ 2.6). We
asked ER training workshop participants whether they had
actually implemented the ER interventions they planned during
the workshop or some version of them on the follow-up imple-
mentation survey. The response options were “yes,” no,” and
“no, but have plans to implement.” Then participants were
asked to list the number of stand-alone workshops; workshop
series; courses/seminars; and summer research programs they
had implemented or planned to implement in 2017, 2018, and
2019 using ER activities. To understand how these implementa-
tions were supported, we asked whether their implementation
was institutionally funded, extramurally funded, or other, with
the invitation to provide more information. Frequencies were
calculated for participants’ responses to questions asking
whether or not they had implemented any training interven-
tions using ER curricular materials, the different types of inter-
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ventions that they had implemented or planned to implement
between 2017 and 2019, and whether their programs were
institutionally or extramurally funded.

To begin to track which ER activities and which areas of
trainee development in the ER conceptual framework were
being incorporated into research trainee interventions, we
asked participants to report the percentage of their implemen-
tations that consisted of activities from the ER curriculum and
how often their trainings addressed each area of trainee devel-
opment outlined in the ER curriculum. Responses could range
from 1 (never) to 5 (always). Means and standard errors for the
extent to which ER activities were included in implementations
and the extent to which facilitators were addressing each area
of trainee development in the ER conceptual framework were
calculated.

Quality of ER Implementations (EQ 2.7). Finally, to assess
whether participants believed they had the capacity to success-
fully implement their training interventions, we asked them to
rate the overall quality of the implementations they had done
thus far from 1 (very low) to 5 (very high). The mean and stan-
dard error for responses were calculated.

S2 RESULTS AND DISCUSSION

EQ2.1: Participants Valued the Workshop Activities
Participants provided ratings of several different aspects of
the workshop (Supplemental Figure S1) and nearly all partic-
ipants (95%) rated the overall quality of the workshops as
very good or excellent (n = 91). Participants also reported
that they valued the specific workshop activities (Supplemen-
tal Table S1), with the perceived value of activities ranging
from a minimum of 3.43 (SE = 0.130) to a maximum of 4.52
(SE=0.209) on a scale ranging from 1 (not at all valuable) to
5 (extremely valuable). Based on feedback from workshop
participants and reflections from the workshop leaders, we
made significant revisions between workshops 3 and 4. A cur-
riculum development packet was introduced and the work
time on day 2 was restructured into a series of smaller, more
focused tasks. The feedback on these revisions showed that
participants valued the added structure (range of mean value:
3.60-3.92). In fact, the overall perceived value of the curric-
ular development work time on day 2 increased from
4.25 (SE = 0.097) average for workshops 1 through 3 to 4.52
(SE =0.209) for workshop 4.

Revision of the facilitator training workshop based on evalu-
ation survey results from participants and feedback from the
workshop facilitators continues. In particular, we are keenly
interested in the feedback from follow-up surveys sent after
participants have implemented their interventions. We recog-
nize that it is not until participants actually implement the
custom curricula they develop that they can fully appreciate the
value of what they learned in the workshop and, more
importantly, identify what was missing from the workshop that
would have helped them be more successful.

EQ2.2: Participants Reported That the Facilitator Training
Workshops Achieved Their Stated Objectives

The evaluation data provide evidence that the facilitator train-
ing workshops met the stated goals (Supplemental Figure S2).
Participant responses on the postworkshop survey indicated
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that the workshop was most effective in helping them to iden-
tify areas of trainee development for their programs (M = 4.29;
SE = 0.087) and least effective in helping them select evalua-
tion and assessment tools for their programs (M = 3.19; SE =
0.112).

We realized after the first two workshops that the backward
design process was new to most of the participants, particularly
those who had been trained as natural scientists. Most of the
participants had never formally articulated learning objectives
for their research trainees, but they had overarching program
goals and very sophisticated ideas about what it takes to become
successful researchers in their fields. The facilitator training
workshop served as an opportunity to formalize and prioritize
their trainee learning objectives. They reflected on what they
were already doing in their programs and courses to support
their trainees to achieve the objectives, identified what was
missing from their programs, and used the ER activities to fill
the gaps. We believe the high evaluation ratings about identify-
ing areas of trainee development for their programs reflect this
experience.

The lower evaluation ratings of the evaluation and assess-
ment tool activities on the other hand may be attributed to at
least two factors. First, the development of the ERLA and pro-
gram evaluation tools were occurring in parallel with the work-
shops, and the ERLA was not validated or publicly available
until workshop 3 (Fall 2018). The tools are now published
(Branchaw et al.,, 2020) and available through the online
assessment portal at the Center for the Improvement of Men-
tored Experiences in Research (CIMER). Consequently, we
anticipate that satisfaction with this part of the workshop will
increase in the future. The second factor to which we attribute
the lower evaluation ratings for the assessment and evaluation
activities in the workshop is the limited time that participants
have to work on their custom curricula. Though most workshop
attendees reported having made significant progress in devel-
oping their custom curricula at the end of the workshop

Level of Confidence
RN W R U N

Facilitate research
mentee training
using process-
based approach

Utilize Entering
Research curricula
& resources

Implement
research mentee
training at your
home institution impact of research

Entering Research Curriculum Evaluation

(EQ2.4), the selection of evaluation/assessment tools is typi-
cally left until the end, and many did not get to it. Based on this,
we are considering increasing the length of the workshop or, as
suggested by several participants, assigning preworkshop activ-
ities that get participants started on curricular development
before they arrive.

EQ2.3: Participants Reported Significant Gains in
Confidence as a Result of Attending These Workshops
Using retrospective confidence gains scales, we were able to
assess the degree to which participants’ confidence across five
areas changed as a result of attending the workshop (Figure
4). We found that facilitators reported significant gains in all
areas, including their ability to use the ER curricular activi-
ties and supporting resources (t(86) = 22.01, p < 0.001); to
facilitate mentee training using the process-based approach
(t(86) = 17.178, p < 0.001); to implement research mentee
training at their home institution (¢(85) = 15.737, p < 0.001);
to use metrics and tools to assess the effectiveness and impact
of research mentee training (t(87) = 12.087, p < 0.001); and
to understand the implementation process (t(85) = 13.342,
p < 0.001).

The increases in confidence reported by the workshop par-
ticipants are consistent with the data showing that the work-
shop met the stated objectives (EQ2.2), and they support the
conclusion that offering the workshop is an effective way to
support research training program directors to use the ER
resources. Because the second edition of the ER curriculum and
assessment and evaluation tools is designed for flexibility and
use in any undergraduate or graduate research training pro-
gram, their effective use requires program directors to have the
confidence to adapt the materials in ways that will meet their
research trainees’ specific needs. These data support that the
facilitator training workshop develops this confidence and
therefore can be used to train program directors participating in
future research.

Understand the
implementation
process

Use metrics and
tools to assess
effectiveness and

mentee training

W Before @ After

FIGURE 4. ER facilitator training workshop participant self-reported gains in confidence. Workshop participants were asked to retrospec-
tively rate their confidence before and after the workshop. Error bars represent the SEM. Responses ranged from 1 (not at all confident) to
7 (completely confident). All confidence gains were significant (p < 0.001). N = 86 to 88.
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EQ2.4: Participants Reported Making Progress in
Developing Their Custom Curricula and Implementation
Plans and They Valued the Dedicated Work Time
Participants felt that the time spent developing their custom
curricula and implementation plans was valuable. Eighty-four
percent of participants indicated that they agreed or strongly
agreed with this statement (M = 4.35; SE = 0.074). At the end
of the workshop, participants reported that the curricula they
developed during the workshop were on average 68% complete
and their intervention implementation plans were 66%
complete. Completeness of curricular plans ranged from 19% to
100%, while completeness of implementation plans ranged
from 10% to 100%.

Based on these results, we have concluded that the dedi-
cated work time on day 2 is time well spent. We hypothesize
that the variability in reported completeness of the custom cur-
ricula and implementation plans was influenced by whether
workshop participants were integrating ER activities into an
existing program or developing a new program, with those in
the latter category making less progress. We began to collect
data to test this hypothesis in the third and fourth workshops.
Those data show that, on average, workshop participants who
were starting a new curricular plan (n = 20) report that their
curricula and implementation plans were 56% and 54% com-
plete, respectively, at the end of the workshop; those who were
working from a draft syllabus or curricular plan (n = 15) had
curricula and implementation plans that were 67% and 66%
complete; and those who were modifying a complete curricu-
lum or plan (n = 12) were 79% and 75% complete. We will
continue to monitor curriculum and implementation plan com-
pleteness and to refine the workshop to maximize progress
made by participants at varying starting points.

EQ2.5: Workshop Participation Led to Changes in
Implementation Plans and Increased Confidence in

Ability to Implement Training

Across all four workshops, the majority of participants (80%)
reported that their implementation plans changed as a result of
attending the workshop. When asked to describe the changes,
66 participants provided a response. Based on an open-coding
approach, nine themes were identified (Table 6). The majority
of codes assigned related to the content of the implementation
(e.g., incorporation of ER activities or topics into the implemen-
tation, n = 31; 47% of responses) and the structure of the imple-
mentation (e.g., the number of sessions or the structure of the
sessions themselves, n = 28; 42% of responses).

Participants commented on how the activities helped guide
their implementation plans: “I more clearly see [the] gaps in
our curriculum and will use ER2 to address them.” Responses
like this one demonstrate that the workshop provided an oppor-
tunity for participants to revisit their program objectives in
comparison to the ER conceptual framework and the activities
that align with it to identify areas where their programs could
be expanded or changed to better meet the needs of their
research trainees.

With regard to structure, many respondents noted that they
would change the scope or ordering of their programming
based on what they had learned at the workshop. One work-
shop participant reported the intention to shift the program-
ming from the individual research groups to a more cross-group
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approach: “Most of the mentee training was left to individual
research groups apart from a couple of professional develop-
ment workshops that we participated in with partner organiza-
tions on campus. Now, I have many activities I can customize
for our group and can implement right away at the start of the
program rather than being limited by other partner group’s [sic]
calendar of events.” Another workshop participant noted “We
will expand the scope of our curriculum based on the resources
we got from this workshop.”

When asked on the follow-up implementation survey to
think back to attending the workshops in Fall 2017 and Spring
2018, all respondents noted that the workshop was either help-
ful or extremely helpful to them in preparing to implement their
training interventions (M = 4.71; SE = 0.074). Seventy-six per-
cent of respondents reported their level of preparation to imple-
ment after attending the workshop as either a lot or a great
deal. This high level of preparation was also reflected in retro-
spective ratings of confidence in their ability to implement their
training interventions. On a scale ranging from 1 (not at all
confident) to 7 (extremely confident) facilitators reported their
levels of confidence as 4.00 (SE = 0.244) before the training,
and 6.37 (SE = 0.132) after the training, t(26) = 9.66, p <
0.001.

EQ 2.6: Trained Facilitators Are Implementing ER Activities
in Their Training Interventions

On the follow-up implementation survey, 26 facilitators (88%)
reported that they had implemented some form of training
using ER activities since attending the workshop. Of the remain-
ing four facilitators, three had plans to implement, and one did
not respond to the question. Figure 5 summarizes the number
of implementations completed and planned from 2017 to 2019.
On average, respondents had implemented ER activities in their
training interventions at least once in 2017 and 2018 and had
another implementation planned for 2019. Sixty-seven percent
of facilitators reported that their implementations were institu-
tionally funded or part of a class offered by their institution;
47% reported that their implementations were extramurally
funded; and two facilitators (7%) reported that their imple-
mentations were not funded.

Workshop participants who implemented their training inter-
ventions and responded to our survey indicated that, on aver-
age, 67% of the activities they used in their implementations
were from the ER curriculum. We also asked them to report how
often their training interventions addressed each of the areas of
trainee development in the ER conceptual framework. Responses
could range from 1 (never) to 5 (always) (Figure 6). The per-
centage of responses of most of the time (4) or always (5) were
highest for the areas of Research Comprehension and Communi-
cation Skills (70%) and Professional and Career Development
Skills (53%), with lower percentages reported for Researcher
Confidence and Independence (47%), Practical Research Skills
(36%), Equity and Inclusion Awareness and Skills (33%),
Researcher Identity (33%), and Research Ethics (17%).

Though a high percentage of survey respondents reported
that they had implemented some form of ER training since
attending the workshop (88%), the response rate to the fol-
low-up survey was only 58%, so we do not know whether the
remaining workshop alumni have or plan to implement the
curricula they developed. However, the information provided
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TABLE 6. Codes and example responses of changes to implementation plans

Code and definition

Example responses

Number of times
code assigned?

Activities. Mentions incorporation of ER
activities into curricular plan.

Structure. Changes in number, timing,
organization, or execution of sessions.

Progress. Increased awareness of importance
of implementation plan, or describes
progress on an implementation plan.

Assessment/Evaluation. Changes in
evaluation or assessment plans.

Learning Objectives. Mention of change in
learning objectives or consideration of
learning objectives in implementation
planning.

Facilitation. Incorporating facilitation as a
technique into the implementation plan.

Partners. Mention of partnering with other
departments or individuals on campus.

Recruitment/Participation. Mention of
recruitment or targeting specific
participants.

Audience. Change in target audience.

“There are several activities that I will implement related to posters,
mentor relationship, issues in a research setting.”

“We added a session on the importance of diversity [in] STEM research
and learning.”

“I had previously planned to rely heavily on panels, rather than
facilitate activities, and now I have switched to 80% Entering Research
activities.”

“Decided to make it a year long course instead of a 10-week long
course.”

“I did not know what an implementation plan was. I learned a lot about
the entire process of facilitating. I feel since there wasn’t any initial plan
... establishing one is definitely a change.”

“Came with only a vague idea for a program, leaving with a concrete
plan.”

“I changed the ordering of my activities and added additional opportuni-
ties for assessment.”

“I also hope to update the evaluations to focus on gains rather than ‘pre
and post measures’ and some of the [activities].”

“I was able to refocus my learning objectives and adjust the curriculum
accordingly.”

My prior implementation plans were more ad hoc. I now plan to be
more intentional in learning objectives and assessment, which will feed
into the implementation plan.”

“I will do more facilitation and less lecture.”

“The curriculum I inherited has some facilitation, but I will be adding
more.”

“I realized that I needed to bring in additional campus partners. [ am
now looking for ... existing resources.”

“I will involve more faculty.”

“I am considering additional ways to increase participation.”

“It has changed who I will focus on meaning will [implement] summer
and academic year.”

31

28

16

2N = 66. Codes are presented in order of most frequently to least frequently assigned. Responses could be assigned multiple codes, so total number of codes may exceed

the total number of responses.

by the individuals who did respond to the survey suggests that
the ER activities can be implemented in institutional and grant-
funded programs and that facilitators are successfully embed-
ding these activities into implementations that incorporate
other activities and topics. The results also provide information
about which activities are being implemented and therefore
potentially contributing to various trainee outcomes that will be
tested in future research.

EQ 2.7: Facilitators Believe That They Are Successfully
Implementing ER Activities in Their Training Interventions
The majority of the workshop participants (73%) rated the
quality of their postworkshop implementations as either high or
very high, which aligns with their reported high levels of confi-
dence in their ability to implement. These data provide evidence
that the workshop was effective in preparing research training
program directors to develop and implement a training inter-
vention. However, this is all self-assessment data, so implemen-
tation evaluation and learning outcomes data from the research
trainees in their programs will be collected in the future to more
objectively measure the quality of the implementations.

CBE—Life Sciences Education e 19:arll, Spring 2020

S2 CONCLUSIONS

Based on the evaluation data collected, we conclude that the ER
facilitator training workshop successfully addressed the work-
shop goals and provided participants with confidence in their
ability to design a curriculum using ER activities, identify
assessment and evaluation tools to measure the impact of their
implementations of those activities, and plan their training
interventions. Though we continue to refine this workshop, the
evaluation data reported here give us confidence that we can
use it to train facilitators to implement the ER activities with the
level of fidelity needed to conduct in-depth investigations of the
impact of the ER curriculum on research trainee learning and
development in future research studies.

SUMMARY

Together, the data from these two design and development
research studies provide evidence that the second edition of
the ER curriculum is ready for use by undergraduate and
graduate research training program directors; that it is suffi-
ciently promising to warrant more systematic, in-depth effi-
cacy, effectiveness, and scale-up research in the future; and
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Summer Research Programs -

Courses
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Implementation Type
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Total number of implementations {actual & planned)
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FIGURE 5. Previous and planned implementations for trained facilitators of ER. Facilitators were asked to report the number of trainings
they had implemented in each category during 2017 and 2018 and had planned for 2019. *2019 trainings had not yet occurred at the time

this question was asked.

that the ER training workshop is an effective way to train
research program directors to use the curriculum in these
future studies. Study 1 provides evidence that the curriculum
can be successfully implemented in a wide variety of formats
with different combinations of activities. Facilitators found the
implementation guides and trainee materials useful in their

Research Comprehension & Communication Skills
Practical Research Skills

Research Ethics

Researcher Identity

Researcher Confidence & Independence

Equity & Inclusion Awareness & Skills

Area of Trainee Development

Professional & Career Development Skills

%5 No response # Never (1) W Sometimes (2) M About half the time (3)

0%

implementations, and facilitators and trainees rated the activ-
ities favorably. Study 2 provides evidence that the ER facilita-
tor training workshop increases participants’ knowledge, facil-
itation skills, and confidence in their ability to implement the
custom curricula they create in various types of implementa-
tions and with trainees at various career stages.

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Responses

Most of the time (4) = Always (5)

FIGURE 6. Areas of trainee development addressed in trained facilitator implementations. The frequency with which each area of trainee
development was addressed in trainings that were implemented by ER facilitator training workshop participants. N = 24-28.
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LIMITATIONS AND FUTURE RESEARCH

The limitations of our design and development research studies
present several opportunities for future research. Study 1 was
designed to determine whether research training program
directors would be willing and able to facilitate the second edi-
tion ER curricular activities and whether research trainees
would perceive participating in the curricular activities as valu-
able. Self-reported data provided by trainees and facilitators
were the only source used to assess this. Additional measures of
trainee outcomes (such as research posters assessed using
rubrics) would have provided more robust evidence of the
impact of the curriculum on trainee learning and skill gains and
would have guarded against potential socially desirable
responses. Rubrics developed to assess such products are avail-
able in the curriculum and will be used to more objectively
assess trainee outcomes in future research.

The present study was not designed to test causal inference;
we did not measure actual behavior changes or the long-term
impact of the curriculum on trainee development. Research
measuring these variables is needed to determine whether the
positive self-reported trainee outcomes lead to actual trainee
development and persistence in research. However, the evi-
dence reported in study 1 does show that the curriculum can be
implemented with fidelity and that research trainees find partic-
ipation valuable, which lays the foundation for future efficacy,
effectiveness, and scale-up research studies investigating the
long-term and potentially causal impacts of the curriculum on
trainee development and persistence.

Another limitation of study 1 was that all of the ER curricu-
lar activities were not tested equally, and a few activities were
not tested at all. This was a function of the design and intent
behind study 1. We wanted to evaluate whether research train-
ing program directors would be willing to use the curriculum,
and we wanted their use to reflect how program directors
would actually engage with the curriculum, so we allowed
them to select their own activities, rather than assign specific
activities to each pilot testing site. This resulted in extensive
testing of some activities and minimal testing of others, but pro-
vided insight into which areas of trainee development research
training program directors are most interested in addressing
and which activities they are comfortable facilitating. The uni-
form template and rigorous review process used to develop the
activities gave us confidence that the positive evaluations
reported about the structure and content of the tested activities
will apply to the activities that have not yet been tested. How-
ever, additional research is needed to confirm this. Future
research studies will test activities in specific areas of trainee
development implemented in specific contexts to allow us to
gather evidence to confirm these assumptions and to test for
causal relationships and for relationships between individual
activities and attributions of learning. In addition, more con-
trolled studies will allow us to administer fewer surveys in
semester-long and yearlong implementations, which should
yield higher and more consistent response rates. When compar-
ison groups are used, we will also be able to compare the impact
of the ER curriculum on trainee outcomes to the outcomes from
structured training programs that do not implement the ER
curriculum.

Study 2 was designed to measure the effectiveness of the ER
training workshop to determine whether it could be used in
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future, in-depth research studies to train research training pro-
gram directors participating in the studies. A limitation of study
2 was that data were collected as the workshop content and
process were in development, so specific workshop components
changed from one implementation to the next. Also, the fol-
low-up survey was only sent to participants in the first two
workshops, and some of the changes, most notably the incorpo-
ration of a curricular development packet to structure and
guide participants’ work on day 2 and access to the ERLA, were
not part of the training workshop they attended. Though these
changes were documented and accounted for in the data anal-
ysis, there is no way to know how they impacted the overall
workshop ratings. Additional follow-up data from participants
are needed to confirm the present findings.

Another limitation of study 2 is that evaluation data were
not gathered directly from student participants in the postwork-
shop implementations; thus we could not verify the implemen-
tation quality ratings reported by facilitators. Though this was
beyond the scope of work funded during development of the
workshop, future research studies will include collection of
implementation evaluation data from student participants.

In summary, the results of the design and development stud-
ies reported here will inform future efficacy, effectiveness, and
scale-up research investigating the long-term impacts of the sec-
ond edition ER activities on research trainee learning, develop-
ment, and career outcomes. Future research will investigate the
impact that different ER activities or sets of activities have on
different populations of students at different career stages and
types of institutions. Furthermore, these studies will test the
hypothesis that using the second edition ER curriculum has a
positive impact on recruiting and retaining more diverse popu-
lations of trainees to undergraduate and graduate research
training programs.

Ongoing Curricular Development

Development of the ER curriculum continues through the Wis-
consin Institute for Science Education and Community Engage-
ment (WISCIENCE; https://wiscience.wisc.edu/program/
entering-research). In particular, adaptations for use and pilot
testing of ER activities in CUREs is planned. The authors invite
submission of new activities in any area of trainee development
for review, pilot testing, and ultimately publication on the Cen-
ter for the Improvement of Mentored Experiences in Research
training materials website (CIMER; www.cimerproject.org/#).
Individuals interested in contributing activities for pilot testing
may contact the authors.

Access to the Curriculum

Research training program directors interested in using the sec-
ond edition of the ER curriculum can access the activities and
some premade curricula for common implementations for free
on the CIMER website or by purchasing the Entering Research
book (Branchaw et al., 2020) from Macmillan Publishing
(https://store.macmillanlearning.com/us). Each activity con-
tains trainee materials and detailed facilitator instructions to
guide implementation. Research training program directors
interested in designing a custom curriculum are invited to par-
ticipate in an ER facilitator training workshop (https://
cimerproject.org/training-fer) and can find instructions about
using the backward design process in the book.
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