Building Strong Mentorship Ecosystems to Support Positive
URE Student Outcomes

Abstract

Mentorship ecosystems significantly impact undergraduate
research experience (URE) student outcomes. Institutional,
departmental, and research team cultures contribute to the
mentorship ecosystem, but equally important are mentor-
student relationships and the skills that mentors and men-
tees bring to their relationships. Research investigating the
association between relational factors and URE student
outcomes is needed to design optimal URE learning expe-
riences. The mission of the Center for the Improvement of
Mentored Experiences in Research (CIMER) is to advance
research in this area and provide support to research stu-
dents, mentors and institutions. This commentary high-
lights what research has revealed about research students,
their mentors and the student-mentor relationship, and the
evidence-based resources and training offered through
CIMER to support scholars investigating UREs.
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Undergraduate research experiences (URESs) can be trans-
formative. Though further research is needed to docu-
ment causal links between UREs and outcomes (Crowe
and Brakke, 2008; Haeger et al. 2020; Linn et al. 2015;
NASEM 2017), there is mounting evidence that stu-
dents who participate in UREs benefit in many ways.
These include, but are not limited to, increased graduation
rates and retention, increased sense of belonging, great-
er self-efficacy, and higher-order learning (Pearson and
McClurken 2023; Robnett et al. 2016; Russell et al. 2007).
Furthermore, there is evidence that UREs reduce the
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equity gaps in four-year graduation rates for students of
color, and students from low-income and first-generation
backgrounds (Haeger et al. 2024).

Many factors linked to students, their mentors, and the
learning environment contribute to the quality of UREs
and therefore URE student outcomes. The knowledge,
skills, and psychosocial attitudes, behaviors, and beliefs
that students and their mentors bring to and develop during
the research learning experience and their mentor-student
relationships impact student outcomes. In addition, envi-
ronmental factors, such as the structure of the research
training program, the culture of individual research groups,
departments and institutions, the availability of resources,
and access to quality mentors, also impact outcomes.
Together, these factors contribute to building “mentorship
ecosystems” that research training program directors and
institutions can optimize to support positive URE student
outcomes (Mondisa et al. 2019).

Students, mentors and their mentoring relationships are
important components of the mentorship ecosystem. This
commentary focuses on how these components impact URE
student outcomes and ways that undergraduate research
offices, training program directors, and mentors can con-
tribute to strong mentorship ecosystems at their institu-
tions. Resources and training services to support students,
mentors, and their relationships offered through the Center
for the Improvement of Mentored Experiences in Research
(CIMER, n.d.) and similar organizations are described.

Student Researchers

Supporting student success in UREs begins with defin-
ing the learning outcomes students should be striving
to achieve. Several scholars have published researcher
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development frameworks that define the knowledge, skill,
and psychosocial attitude, behavior, and belief outcomes
that undergraduate students develop when participating in
UREs (e.g., American Library Association, 2000; Clem-
mons et al. 2020; Gess et al. 2019; Harsh et al. 2017,
Singer et al. 2022; Willison et al. 2018). Branchaw and
colleagues (2025) have recently analyzed 56 of these
frameworks (including graduate student and postdoctoral
scholar frameworks) published from 2000 to 2025 to cre-
ate the Comprehensive Researcher Development Frame-
work (CRDF), which defines 79 core learning outcomes
for research training that transcend disciplines. The CRDF
is organized into eight areas of researcher development
that students and mentors can use to guide the research
learning experience: foundational disciplinary knowl-
edge, practical and cognitive research skills, ethical and
responsible research practices, research communication
skills, interpersonal research skills, researcher self-beliefs
and attitudes, knowledge and skills to pursue a research
or research related career, and knowledge and skills to
administer and manage research projects and teams. Train-
ing is offered through CIMER to support students and their
mentors in addressing these learning outcomes.

Opportunities for undergraduate students to develop the
knowledge, skills, and psychosocial attitudes, beliefs,
and behaviors outlined in the CRDF can come through
hands-on experience with their faculty research mentor, as
well as through courses and workshops that complement
and support faculty mentoring. Undergraduate research
centers and academic departments are key contributors
to providing workshop and course support. In addition to
traditional apprentice-style mentored UREs, course-based
undergraduate research experiences (CUREs; Auchincloss
et al. 2017) also provide structured learning environments
and offer the added benefit of increasing access to and
capacity for UREs. Like apprentice-style UREs, CUREs
support positive student outcomes.

Regardless of the format, the nature of the research project
that students engage in has a major impact on student out-
comes. Osborn and Karukstis (2009) identified four main
elements of projects that must be present for student suc-
cess: originality, methodology, reporting, and mentorship.
The first three elements refer to students making mean-
ingful and authentic contributions through their work;
students using techniques from their fields of study; and
students creating a product that can be shared with others.
The fourth element, mentorship, is arguably one of the
most important, especially for novice researchers finding
their way in the research environment for the first time.
This is what CIMER was founded to support.

Research Mentors

Mentors play many important roles leading to positive
URE outcomes (Pfund et al. 2016). They teach disciplinary

and technical skills, and construct research experiences
that align with a mentee’s skill level and interests. They
offer psychosocial support, provide sponsorship, and serve
as a trust sounding board and adviser. “Mentors can help
students by bringing together ideas from different contexts
to promote deeper learning” (NASEM 2017). Finally,
mentors provide career guidance, serve as role models,
and connect students to new learning opportunities.

Supporting the mentors of undergraduate researchers
begins with defining the competencies they need to be
successful. Pfund and colleagues have defined eight such
competencies: aligning mentor-student expectations, main-
taining effective mentor-student communication, fostering
student independence, promoting student research self-
efficacy, cultivating student ethical behavior, enhancing
mentor cultural awareness, fostering student wellbeing,
and promoting student professional development (Black
et al. 2022; Butz et al. 2018; Pfund et al. 2006; Pfund et
al. 2015). Training is offered through CIMER to support
development of these mentoring competencies.

Though mentors play key roles in undergraduate research-
er success, the roles they play vary with each individual
relationship and across phases of relationships (Kram
1985). Consequently, a single mentor is not likely able
to address all a student’s needs, so most students need
multiple mentors as they progress in their career. The
composition of a student’s mentoring network will have
important impacts on their URE as well as their research
career overall (e.g., Hernandez et a.l 2023), so building a
strong mentoring network is important. This can be chal-
lenging for beginning researchers, but mentors and train-
ing programs can help. Additional support resources also
exist, for example, the free asynchronous online course for
developing researchers available from the Science Com-
munication Lab (n.d.).

Beyond the benefits of good mentoring to undergraduate
students, mentors themselves benefit from being mentors.
Mentor benefits include a sense of personal fulfillment
through knowledge and skill sharing, enhanced leader-
ship skills, and personal growth (Dolan and Johnson
2009). Moreover, mentors’ research programs can benefit
from the creativity, fresh ideas, and effort undergraduate
researchers bring to the scientific enterprise. However,
the benefits to themselves, their research teams, and
their student mentees can only be fully realized when
they learn how to effectively navigate their mentoring
relationships.

Mentor-Student Relationships

Effective mentor-student relationships have been shown
to lead to positive URE outcomes in many ways such
as improving research self-efficacy, increasing a sense
of belonging, elevating job satisfaction and enhancing
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FIGURE 1. CIMER Services and Resources
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productivity; all of which impact undergraduate persis-
tence in research (NASEM 2019; Fuchs 2023). However,
mentor-student relationships are complicated. No two are
the same because they depend on the backgrounds, moti-
vations, and personalities of the mentor and the student.
Though guiding principles and best practices for navi-
gating mentor-student relationships can be learned, they
are idiosyncratic, and mentors and students must work
together to create and maintain their relationship.

Our research has begun to reveal the complicated nature
of the mentor-student relationship. We have shown that
the quality of the mentor-student relationship impacts
undergraduate researchers’ perceptions of their mentor’s
effectiveness and their own research self-efficacy via the
skills and career knowledge they gain during the research
experience (Byars-Winston et al. 2015). These results
suggest that “mentees’ self-assessment of their own skills/
knowledge is influenced by their mentor’s ability to guide
them; likewise, ratings of their mentor’s effectiveness
is impacted by mentees’ self-assessment of the research
skills and knowledge they gained while working with
their mentor” (Byars-Winston et al. 2015). In other words,
students’ perceptions of mentor effectiveness impact their
perception of their own abilities and performance in
research.

Learning to be a productive partner in the mentor-mentee
relationship is important to URE success. Mentors and
mentees do not innately understand how to navigate
mentor-student relationships effectively, but these skills
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can be learned. Students can develop more advanced
interpersonal and communication skills as well as expand
their individual beliefs and attitudes in ways that enhance
their mentoring relationships. Mentors can learn how to
more effectively align expectations, foster independence,
and build trust. Organizations like CIMER have made it
their mission to advance the science and practice of men-
torship through training students and mentors and provid-
ing support to institutions to build supportive mentorship
ecosystems.

CIMER: Advancing Mentorship Ecosystems

The CIMER (Figure 1) is a national hub for the science
and practice of mentorship. CIMER conducts research
investigating factors that lead to effective research men-
tor-mentee relationships and offers evidence-based train-
ing for research mentees, mentors, and training program
leaders based on their own and others’ research findings.
CIMER training and consulting services aim to advance
productive working alliances between mentors and men-
tees, improve research training programs overall, and
build mentorship ecosystems at institutions that support
both mentor and student success.

CIMER Resources to Support Undergraduate Research
Students

CIMER partners with the Wisconsin Institute for Sci-
ence Education and Community Engagement (n.d.-a) at
the University of Wisconsin-Madison to help individu-
als across the country augment their research training
courses and programs for undergraduate researchers using
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the Entering Research (ER) curriculum (Branchaw et al.
2020a) and the ER Learning Assessment (ERLA), which is
available for free online (Butz and Branchaw 2020).

The ER curriculum is a collection of evidence-based active
learning activities that have been tested at 20 sites across
the country (42 unique implementations) with 78 facilita-
tors and 565 undergraduate and graduate research trainees
(Branchaw et al. 2020b). The ER activities are designed
to be incorporated into courses and workshops to support
undergraduate and early career graduate students achieve
the CRDF learning outcomes. The curricular activities
can also be used by individual research mentors with their
research teams. All of the ER activities are available for
free on the CIMER website.

The ERLA (Butz and Branchaw 2020) is a paired under-
graduate research assessment instrument (mentee self-
assessment and mentor assessment of mentee) based,
in part, on previously published instruments that were
designed to assess trainee learning and skill gains across
multiple dimensions. These instruments, the Undergradu-
ate Research Student Self-Assessment tool (Weston and
Laursen, 2015), the Survey of UREs (SURE; Lopatto,
2004), and the Mentor Competency Assessment (MCA;
Fleming et al. 2013) adapted for use with trainees, served
as the starting point for development of the ERLA, which
incorporates all areas of trainee development addressed in
these instruments as well as additional areas that are miss-
ing in these instruments.

Beyond downloading individual ER curricular activities
and the ERLA tools, CIMER (n.d.-b) also offers stu-
dent training workshops using the ER curriculum and a
Research Curriculum Development Institute (RCDI) for
research training program/course directors. In the RCDI,
professional facilitators guide research training program/
course directors through a backward design process using
the learning outcomes in the CRDF to design a customized
research training program or course to meet their students’
unique needs. RCDI participants also learn about ERLA
and other assessment tools they can use to track their stu-
dents’ development.

CIMER Resources to Support Research Mentors

CIMER offers training for research mentors using the
evidence-based entering mentoring (EM) curriculum, which
was originally developed for and tested with the mentors of
undergraduate researchers (Handelsman et al. 2005, Pfund
et al. 2006). Since then, the EM curriculum has been adapt-
ed for and tested with mentors working across a wide range
of disciplines and career stages. CIMER, in partnership
with scholars across the country, has continued to develop
and test new mentor training modules focused on new com-
petencies such as promoting student research self-efficacy
(Butz et al. 2018) and fostering mentor work-life integration

(Durbin et al. 2019). Recently, CIMER developed and
tested a module for the mentors of undergraduates focused
on enhancing cultural awareness, which was tested via a
randomized controlled trial with the mentors of summer
undergraduate researchers across 32 undergraduate research
training programs (Black et al. 2022; Byars-Winston et al.
2023). In addition, an advanced mentor training workshop
on Culturally Aware Mentoring is available (Byars-Winston
et al. 2018; Womack et al. 2020). All EM training curricula
are available for free on the CIMER website.

In addition to directly training research mentors, CIMER
also offers train-the-trainer workshops to prepare and cer-
tify individuals across the country to implement the EM
and CAM curricula at their own institutions (Pfund et al.
2015; Spencer et al. 2018). CIMER provides assessment
tools for these trained facilitators to use to evaluate their
local implementations, which includes the MCA (Fleming
et al. 2013; Hyun et al. 2022). CIMER also provides con-
nections for trained facilitators to support one another and
links them to additional resources.

CIMER Resources to Support Research Mentor-Student
Relationships

CIMER has curated a range of resources to support the
mentor-student relationship including libraries of men-
torship agreements, individual development plans, and
assessment instruments. CIMER’s website also includes
links to other resources such as the NASEM mentorship
online toolkit (NASEM n.d.) and other organizations,
such as the Science Communication Lab and Profes-
sional Development Hub (n.d.). Finally, CIMER offers
consulting services to work with programs, departments
and institutions to advance their mentorship ecosystems
in ways that optimally support research mentor-student
relationships (e.g., Suiter et al. 2024).

Advancing UREs Through Rigorous Inquiry

The continuous improvement of UREs requires rigor-
ous assessment of student learning gains and evaluation
of program outcomes. Using assessment and evaluation
instruments with evidence of validity and reliability in
this work is important not only for improving individual
programs, but more broadly when the results are published
as contributions to the growing scholarship around UREs.
Understanding ways to collect data and using common
instruments with evidence of validity and reliability so
that results can be compared across programs (e.g., San-
cheznieto et al. 2025) is critical to identifying causal links
between UREs and student outcomes.

CIMER and its partners are committed to supporting the
URE community to do rigorous assessment and evalua-
tion. They have already partnered with several NSF REU
programs and offer freely available tools and links to other
organizations to support assessment and evaluation of:
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e Student learning experiences and development in UREs
and the impact of mentoring relationships on students;

e Mentor learning experiences and development in UREs
and the impact of mentoring relationships on mentors;
and

¢ Mentor-student relationships in UREs using data from
both mentors and mentees and connecting those ratings
to research progress and outcomes.

Conclusion

UREs are high impact practices that can be enhanced
through mentor and mentee training. There are many
resources available to help programs to optimize the
experience of mentors and mentees as well as assess the
impacts. Montgomery et al. (2022) noted that “mentorship
is central to the research ecosystem, and it must be treated
as such. Mentorship takes skill, time, effort, resources, and
dedicated individuals who should be adequately trained,
recognized, and valued.” We could not agree more.
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