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INTRODUCTION

ne of the fastest-growing areas of the mentoring
movement is the use of mentors to get young people
interested in, planning toward, and persisting in
science-related educational and career opportunities. Much has
been written in the last decade about the challenges America’s
students are having engaging in STEM subjects (those related
to science, technology, engineering, and math®) and keeping
up with their peers around the world in STEM academic
performance®?3, as well as the impact this achievement gap
has on both scholarship and STEM industries in the United
States. The struggles of girls and young women?, youth with
disabilities®, youth of color®, and first generation college students
to engage in and persist in STEM are also well documented,
as these groups continue to remain disproportionately
underrepresented in academia and the STEM workforce’.
This is an issue that not only limits the career choices being
considered by young Americans, but the dilution of the talent
pipeline hurts American competitiveness in many industries.
Closing these gaps in STEM engagement, performance, and
representation has become an issue of national importance.

Readers should note that this guide serves only
as a supplement to the full Elements of Effective
Practice for Mentoring. It is intended to provide
additional guidance and nuance to the items found
in the full Elements, and references Benchmarks
and Enhancements described more fully in that

document.

In recent years, mentoring has become a cornerstone approach

—from K12 settings through higher education and early career
development—to increasing American performance in STEM

and addressing issues of historical underrepresentation in STEM
careers. Organizations like US2020 and Million Women Mentors
have made tremendous progress engaging STEM companies
and employees as mentors to a generation of students. In
government, the Corporation for National and Community Service
has started and already expanded a STEM-specific strand of
AmeriCorps designed to get more STEM professionals mentoring
and teaching young students. Many traditional K12 STEM
education programs have introduced or deepened a mentoring
component of their services, recognizing that a few scattered
activities may not be enough to overcome systemic challenges

to long-term youth engagement in STEM. And the research
literature is full of examples in higher education designed to
support women and other underrepresented students in
persisting in STEM once they arrive on campus®.

* Although some practitioners also include an additional “M” of medicine, for our purposes here, we are using the more common STEM acronym, although programs focused on medical sciences and

careers may also benefit from the practices in this guide.

Similarly, we did not examine literature related to programs that include the “A” of arts in their STEM mentoring programming, something that has gained popularity in recent years to compliment the

traditional focus of STEM education.

L F STEM MENTORING SUPPLEMENT
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But while the popularity of STEM mentoring has grown, the
research on what makes these programs effective, either in
isolation or in combination with other supports, has lagged
behind. While the past decade has seen tremendous progress
in identifying program practices that can potentially improve
outcomes for youth in mentoring programs more generally,
there hasn’t been much direct research on the unique nuances
and strategies that can make STEM mentoring programs

work most effectively. One major review of the literature on
relationship-based STEM interventions found that the research
to draw from was so thin that instead of producing a set of
recommended practices, the authors took note of the gaps in
our understanding of STEM interventions to set a research
agenda that might shed light onto best practices®.

As a leading research-to-practice organization in the youth
mentoring space, MENTOR has always worked with researchers
and practitioners to develop and disseminate evidence-based
and practice-informed guidelines for mentoring programs.

Our cornerstone publication, the Elements of Effective Practice
for Mentoring'®, now in its fourth edition, is heavily informed by
research on the program practices that tend to yield safe and
strong adult-youth mentoring relationships. This resource is
widely considered to be the most globally applicable set of
recommendations for mentoring practitioners, providing a broad
set of practice recommendations across an increasingly diverse
field, including STEM mentoring programs.

Despite the global applicability of the Elements of Effective
Practice for Mentoring (hereafter referred to as the Elements),
there is a growing body of research in implementation science
indicating that not all interventions, even ones that are
remarkably similar in services and populations served, will benefit
from following the exact same practices™. We certainly see this
dynamic in the mentoring field, with mentoring programs serving
youth across the age spectrum in diverse settings with diverse
goals in mind and varying resources at their disposal. There has
been a growing sense that broad standards of practice such as
the Elements might not provide the nuanced and context-specific
guidance on practices that matter for mentoring programs using
alternative models, serving narrower populations of young
people, or emphasizing a narrow set of prescribed outcomes
(e.g., pursuing a STEM career). Thus, in the spirit of supporting

##N STEM MENTORING SUPPLEMENT

the increasingly diverse youth mentoring field, MENTOR has
launched a series of “supplements” to the Elements of Effective
Practice for Mentoring. The closer examination of STEM
mentoring research and practices in this guide represents the first
entry in this series and we hope that it can bring sharper focus to
the work of STEM mentoring programs and ensure that all young
people get the psychosocial and instrumental support they need
to persist in STEM through the help of dedicated mentors.

Development of This Guide

This supplement was developed by the same team of
researchers and technical assistance providers who developed
the full fourth edition of the Elements of Effective Practice for
Mentoring through generous funding provided by STEM
mentoring leaders at Genentech, a member of the Roche Group,
which operates several mentoring programs designed to get
youth interested in STEM and persevering all the way through
the undergraduate experience.

As with the full Elements, the recommendations in this guide are
as grounded in the available research evidence as possible.

To facilitate this effort, the team conducted an extensive literature
review focused on identifying peer reviewed journal articles,
government reports, and corporate literature detailing the
structure and effectiveness of STEM mentoring programs.

See the text box on the next page for additional details about our
literature search process.

Reflections on the STEM Mentoring Literature
When looking at the results of the literature review as a
whole, there are several characteristics that stand out for
the research-to-practice work of this guide:

» The overall volume of research on STEM
mentoring programs for youth is rather thin
Very few STEM mentoring programs have been formally
evaluated using any kind of experimental or quasi-
experimental design. Most of the evaluations we
encountered in this review either used qualitative methods
to track and understand participant experiences or provided
pre-post assessments of youth outcomes without utilizing a
comparison or control group. None of the studies we reviewed
tested variations in practices, meaning they shed little light
on how STEM mentoring programs can improve services
or try new approaches. And given that STEM mentoring
programs often state long-term goals of helping youth
matriculate through STEM higher education pathways and
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LITERATURE SEARCH PROCESS

A comprehensive search of the literature was conducted to identify articles about mentoring related
to the STEM fields. Both computer-based and manual search methods were used to locate studies.
The computerized databases utilized were PsycINFO, ERIC, and Web of Science. The search of each
computerized database included the following terms and combinations of terms:

Youth + mentor + science Mentor + mathematics

Youth + mentor + technology College student + mentor + STEM

Youth + mentor + engineering College student + mentor + science
Youth + mentor + mathematics College student + mentor + technology
Mentor + science College student + mentor + engineering
Mentor + technology College student + mentor + mathematics

Mentor + engineering

These searches yielded peer-reviewed articles and program evaluation reports. Articles of prominent youth
mentoring programs in STEM and literature reviews were manually searched to identify additional articles.
To be considered for inclusion, articles had to address the utilization of mentoring to increase interest,
skill, ability, engagement, or vocational goals in science, technology, engineering, and/or mathematics.
This process resulted in 102 articles that met these criteria.

Once identified, articles were coded for participant and program characteristics. The age group of the target
population of mentees (i.e., youth or adult) was coded, as well as any specific foci of the program/article
(e.g., gender, underrepresented populations, disability). In addition, articles were coded for their STEM
content (i.e., whether they focused on science, technology, engineering, math, or general STEM). Articles
were also coded based on whether they addressed the following topics: mentor, mentee, and staff
recruitment; mentor, mentee, and staff screening; mentor, mentee, and staff training; matching procedures;
initiating (i.e., first meeting) procedures; monitoring of matches; support for matches; and match closure.

The 102 articles included the following breakdowns:
EIGHTY-TWO PEER-REVIEWED JOURNAL ARTICLES;
20 were a different kind of paper (e.g., a conference paper or program report);

FORTY-FIVE PROGRAM EVALUATIONS;
57 were other types of papers (e.g., literature reviews, empirical articles that were not program evaluations);

FORTY-NINE ARTICLES FOCUSED ON YOUTH MENTORING (K-12):
44 on undergraduate/graduate student focused mentoring, and 9 on STEM career/workplace mentoring.

Following this systematic search, the authors of this guide then supplemented this initial scan by manually
retrieving additional articles and reports from related disciplines, such as general STEM education; concepts
that influence STEM attrition, such as stereotyping and implicit bias; and group and workplace mentoring
more broadly. These additional articles were critical in reinforcing and clarifying the final recommendations
detailed in this guide. Including these articles, a total of 204 documents informed the content presented here.

STEM MENTORING SUPPLEMENT
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into STEM careers, few of the studies attempted to track youth
participants through some of these distal points to see if the
program changed educational trajectories in a meaningful
way. Most of the outcome evaluations were centered in higher
education settings, examining programs offered on campus
for undergraduate students. Few studies on programs led by
STEM businesses as part of creating a talent pipeline were
found in our review.

» The diversity of STEM mentoring programs
raises challenges when developing broad
practice recommendations
The research we reviewed covered everything from programs
designed to get elementary and middle school students first
interested in STEM activities all the way through providing
undergraduate students with intensive hands-on research
opportunities on a college campus. It included programs whose
goals were purely around academic success and progress, as
well as programs designed to shift demographic patterns in a
specific STEM industry. Some were set in schools, others were
housed at STEM businesses or nonprofit spaces. And each
program emphasized unique relational aspects to meet very
specific youth needs. All this diversity of programming and
purpose made it challenging to develop recommendations that
could globally apply to all STEM mentoring programs. Thus,
readers should note that many of the recommendations in this
guide come with caveats or clarifying statements that can help
practitioners decide how critical a recommendation is to
their work.

» More rigorous evaluation is needed
As noted above, very few of the studies in this review
examined how mentors supported STEM development in a
rigorous way. While we found many wonderful examples of
qualitative research that described what participants gained
from the experience and how their mentors encouraged them,
most of the studies did not compare or contrast different
mentor approaches, examine variations in program practice,
or explore subgroup findings to see if mentoring was more or
less effective for certain types of youth. We also found few
studies examining one of the most critical questions regarding
STEM mentoring: the “value added” of having a mentor in
on top of simply engaging in STEM activities in educationally
focused programs. A better understanding of how mentoring
relationships enhance and deepen engagement beyond just
participation in STEM learning opportunities and exploration

H F STEM MENTORING SUPPLEMENT

STEM WORKING GROUP MEMBERS

CATHARINE B. SHAY 3M
EILEEN YANG Genentech's Futurelab Initiative
JENNIE MATHUR Girls Inc.

CHRISTINE BANKS CALDERON
New York City Science Research Mentoring Consortium

LAURA MORAN San Francisco Chamber of Commerce

MICHAEL KENNEDY Science Club,
Northwestern University

LAURA BATT Sea Research Foundation

WENDY MARCINKUS MURPHY Researcher
Babson College

JEAN RHODES Researcher
UMASS-Boston

Please see the end of this section for more details about
the programs and organizations that contributed to the
development of this guide.

would help in developing practice recommendations that would
facilitate those relationships.

Please see section 3, “Program Evaluation and Outcome
Measurement in STEM Mentoring,” for further discussion of
recommended practices for studying these types of programs.

The STEM Mentoring Working Group

In addition to our review of the literature, we also convened

a working group of representatives from high-quality STEM

mentoring programs around the country (see sidebar for

participants), as well as researchers with expertise in career-
focused mentoring. These experts were instrumental in:

» Suggesting practices that they felt were critical to their work
in the STEM mentoring space.

» Confirming, clarifying, or, in some cases, rejecting suggested
practices from the research literature. Their review was
especially helpful on issues related to matching mentors
and mentees, match support and supervision, and closure
of matches.

» Reviewing and approving of the final recommendations
of this guide.

This group met a total of four times to discuss best practices,
review drafts of recommendations, and to share details about
their work and the outcomes they track. You can read more

about the practices employed by these STEM leaders throughout
this guide. 4
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USING THIS GUIDE

Readers should note that this guide serves as only a supplement to the full Elements of Effective Practice for

Mentoring. It is intended to provide additional guidance and nuance to the items found in the full Elements,

and references Benchmarks and Enhancements described more fully in that document. Here we cover only the

Benchmarks and Enhancements that we felt needed additional recommendations for STEM mentoring programs.

However, STEM mentoring programs are still encouraged to implement all of the Benchmarks (and as many

Enhancements as possible, when appropriate) from the entire set of Standards in the Elements. Please keep

the supplementary nature of this resource in mind when considering how to start or improve a STEM

mentoring program.

@ GENERAL PROGRAM DESIGN PRINCIPLES
FOR STEM MENTORING PROGRAMS

This section builds on our review of the research and the
guidance of our Working Group to review some of the major
features and components of quality STEM mentoring
programming. This section will be most useful to start-up efforts,
or for STEM mentoring programs looking to refine or clarify
their theory of change or the services they offer. An
accompanying typology of STEM mentoring models and
theories of change is also included in the Appendix.

€) STANDARDS OF PRACTICE
FOR STEM MENTORING PROGRAMS

This section covers the six core Standards of the Elements

of Effective Practice for Mentoring. Specific recommendations
for STEM mentoring programs are offered around Benchmarks
and Enhancements related to:

RECRUITING

SCREENING

TRAINING

MATCHING AND INITIATION
MONITORING AND SUPPORT

vV v v vV VY

CLOSURE

##N STEM MENTORING SUPPLEMENT

9 PROGRAM EVALUATION AND OUTCOME-
MEASUREMENT IN STEM MENTORING

This section offers tips for STEM mentoring practitioners on how
they can strengthen their program evaluation strategies, as well
as a list of common outcomes that STEM mentoring programs
reported assessing based on their goals and target population
of youth.

Throughout each of these sections, you will find small case
study examples from our Working Group members of these
practices in action. We hope these real-life examples help other
practitioners better understand and implement innovations in
their programs.

Readers are also encouraged to have a copy of the full
Elements of Effective Practice for Mentoring handy as they
review this guide so that they can have access to the full
complement of practices that MENTOR recommends they
implement in their STEM mentoring work, when applicable.
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At 3M, we apply science in collaborative ways
to improve lives daily. With $32 billion in sales,

all around the world. Learn more about 3M’s creative solutions

our 91,000 employees connect with customers

to the world’s problems at www.3M.com or on Twitter @3M
or @3MNews.

As a science-based company that has thrived for 115 years,

we understand the importance of investing in the next generation
of scientists and innovators. That's why we’re committed to
generating interest and increasing achievement in STEM
especially among underrepresented populations—and our
student mentoring program is one of the ways we do this.

STEP is one of four Science Encouragement Mentoring
Programs that 3M created to empower employees and retirees
to spark students’ interest in STEM. Another opportunity, the 3M
Visiting Wizards, is especially popular among 3M retirees. With a
kit of science experiments in hand, the Visiting Wizards perform
the magic of science in classrooms in the Twin Cities metro area.
Through STEM-focused mentoring and outreach programs,

3M supports equitable education outcomes and equips the next
generation of scientists with tools and experiences to support
success.

GENENTECH'S
FUTURELAB INITIATIVE
In South San Francisco, more

Genentech

A Member of the Roche Group

than 30 percent of students are English-language learners and
40 percent come from low-income families. And, while schools
here have higher graduation rates than the state average, only
one in three students goes on to attend a four-year university.
Futurelab, Genentech’s partnership with South San Francisco
schools, aims to change this. In 2015, Genentech launched
Futurelab—a hyper-local science education initiative, in deep
partnership with SSFUSD, which gives all students K-12 the
opportunity to get excited about science, to equip and engage
them in rigorous hands-on science, and to inspire them to pursue
STEM-related careers. Through Futurelab, we’re focused on
achieving our ultimate goal: to inspire students to reach their
potential as the next generation of innovators and to engage
them in a lifelong exploration of science.

L r4 STEM MENTORING SUPPLEMENT

GIRLS INC. inspires all girls to be strong,

girls
inc.

independent. These positive outcomes are achieved through

smart, and bold. Our comprehensive approach
to whole girl development equips girls to
navigate gender, economic, and social
barriers and grow up healthy, educated, and

three core elements:

PEOPLE: trained staff and volunteers who build lasting,
mentoring relationships.

ENVIRONMENT: girls-only, physically and emotionally safe,
where there is a sisterhood of support, high expectations,

and mutual respect.

PROGRAMMING: research-based, hands-on and minds-on,
age-appropriate, meeting the needs of today’s girls.

Informed by girls and their families, we also advocate for
legislation and policies to increase opportunities for all girls.
Join us at girlsinc.org.

THE NYC SCIENCE RESEARCH
MENTORING CONSORTIUM
is a group of New York City academic,

research, and cultural institutions committed
to providing NYC high school students from
high-potential/under-resourced and underrepresented
backgrounds with mentored, authentic research experiences in
STEM. A key tenet of the Consortium is providing foundational
coursework to these students to increase their comfort and
competency when entering the lab, and ultimately result in a
more successful experience for both the student and mentor.

Together, the 22+ partners of the Consortium share experiences
and expertise, and identify opportunities and strategies to
effectively support youth in developing science research

skills and competencies. The Consortium model cultivates a
community of practice that creates a social network of scientists,
graduate students, educators, and like-minded peers with shared
values and research endeavors. In building access in STEM
academics and careers, we also provide students with college
and career readiness resources and supports.
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Ak A ~ The STEM TALENT
'.:.:.'::.:'?' STEM PATHWALY is a signature project
e '_' : '_ . of the SF Chamber of Commerce

Education and Workforce Initiative,

UniteSF. This collective impact
effort was launched in 2015 with the Mayor’s Education Council
and the SF Chamber of Commerce to create stronger pathways
for SFUSD students into STEM careers. The STEM Talent
Pathway works closely with the city My Brother and Sister’s
Keeper initiative to address the lack of diversity representation
in STEM college and career programs and in pursuing STEM
degrees and careers. The role of the SF Chamber is to increase
awareness and connection with business and education leaders
to expand and align investments to increase the number of
mentors, internships, and scholarships along a connected
pathway of support for San Francisco youth into STEM careers.

SCIENCE CLUB is an award-
winning after school program that

Sdience

engagement, scientific skills, and support the long-term pursuit

utilizes a long-term mentoring
strategy to raise underserved middle
school (grade 5-8) students’ science

of STEM careers. The program was developed in 2008, in
partnership with staff and leaders at the Boys & Girls Clubs of
Chicago (BGCC) and teachers in Chicago Public Schools (CPS).
Each week throughout the academic year, youth and mentors
work in small groups—four youth and two mentors—on
challenging, hands-on investigations at a community site

(Boys & Girls Club, YMCA etc.). With key input from teachers
and community site staff, youth groups are formed in an age-
and aptitude-specific way.

Curricula, each lasting 7-10 weeks (90-minute meeting sessions
per week), were developed collaboratively by CPS teachers and
Northwestern staff to provide deeper exploration into scientific
areas of strong interest to kids. These range from food science to
biomedical engineering. Units are strongly grounded in authentic
applications of science, and the eight scientific practices as
outlined in the Next Generation Science Standards (NGSS).
Finally, mentor training and ongoing support are key program
elements. Mentors receive ongoing professional development

in the areas of pedagogy, youth engagement, science
communication, cultural awareness, program design, and
evaluation. In this way, Science Club trains both the scientists
and science education providers of tomorrow.

L r4 STEM MENTORING SUPPLEMENT

SEA RESEARCH FOUNDATION
(SRF) is a 501(c)(3) nonprofit organization
whose mission is to inspire people to care
for and protect our ocean planet through

conservation, education, and research.
SRF operates Mystic Aquarium — one of America’s premier
nonprofit marine science research and education institutions,
and an accredited member of the Association of Zoos &
Aquariums and the Alliance of Marine Mammal Parks and
Aquariums. STEM Mentoring is SRF’s national group mentoring
program for youth ages 6—10. The program brings together small
groups of youth and mentors for fun, hands-on activities about
STEM, with a particular focus on conservation.

The overall goal of STEM MENTORING
is to positively impact the social

STEM

MENTORING & development and academic achievement
of participating youth. Through weekly
group mentoring sessions and additional STEM enrichment
activities, youth are exposed to inspiring scientists, engineers,
and conservationists, who represent a variety of careers and
education pathways. By providing consistent, high-quality,
STEM-focused mentoring experiences for youth, STEM
Mentoring encourages decreased engagement in risk factor
indicators, improvement of academic success indicators, and
an overall increase in knowledge of and interest in STEM topics
and careers. Since its inception in 2015, STEM Mentoring has
engaged more than 6,000 youth and 1,500 mentors at more than
100 after-school sites across the country.
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WENDY MARCINKUS MURPHY, PHD, is an associate
professor of Management at Babson College. Her research is at
the intersection of careers, mentoring, and work-life issues, with
particular attention to nontraditional developmental relationships
and learning. She has served as the faculty adviser for the
Mentoring Programs through the Center for Women'’s
Entrepreneurial Leadership (CWEL) at Babson. In addition, she
created an e-mentoring program at Northern lllinois University to
connect students to working professionals. Murphy has published
her work in a range of journals, including Academy of
Management Learning & Education, Human Resource
Management, Gender in Management, Journal of Management,
and the Journal of Vocational Behavior, among others. Her book
with Dr. Kathy Kram, Strategic Relationships at Work: Creating
Your Circle of Mentors, Sponsors, and Peers for Success in
Business and Life, bridges mentoring scholarship and practice.
In 2014, she was recognized by Poets & Quants as one of the
“40 Most Outstanding B-School Profs Under 40 in the World.”

JEAN RHODES, PHD, is the Frank L. Boyden Professor
of Psychology and the director of the Center for Evidence-Based
Mentoring at the University of Massachusetts Boston. She has
devoted her career to understanding and advancing the role

of intergenerational relationships in the intellectual, social,
educational, and career development of youth. She has
published three books, four edited volumes, and more than

100 chapters and peer-reviewed articles on topics related to
positive youth development, the transition to adulthood, and
mentoring. Dr. Rhodes is a Fellow in the American Psychological
Association and the Society for Research and Community
Action, and was a Distinguished Fellow of the William T. Grant
Foundation.
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s noted in the Introduction, our literature review
highlighted the tremendous diversity of programming
that falls under the umbrella of “STEM mentoring.”
The programs discussed in the literature varied considerably
in terms of the ages of youth served, their program goals, the
structure and activities of the mentoring relationships, and the
outcomes measured to determine success.

In this section, we offer an overview of some of the common
features and objectives of STEM mentoring programs across

the age spectrum, from elementary and middle school all the way
through the undergraduate experience (for the purposes of our
literature review’s definition of “youth” we did include programs
serving young adults up to the age of 24, allowing us to include
undergraduate and early-career mentoring efforts, but leaving
out most programs aimed at older doctoral students or internal
mentoring programs for mid-level adult employees in STEM
companies).

L rd STEM MENTORING SUPPLEMENT

This section should be helpful to those looking to start a

new STEM mentoring program or refine an existing one.

To facilitate adoption of stronger STEM mentoring models,

we review several general program format and design
considerations that emerge from the literature. We also

include a discussion of program goals and activities. These
recommendations and program traits may not be applicable to all
STEM mentoring programs, but they should be helpful to funders
or practitioners who are interested in serving particular groups

of youth or looking to better align program goals and activities.

We also provide a chart (see Appendix A) that offers a

general typology of STEM mentoring programs and an overview
of common STEM mentoring models, goals, mentors, settings,
activities, and outcomes differentiated by the ages of the youth
served roughly corresponding with elementary, middle, and high
school programming, as well as undergraduate STEM mentoring
at higher education institutions.



In reviewing the literature on STEM mentoring, we find that

both in-person and online approaches are common. In-person
mentoring, whether one-to-one or in groups, seems to be most
common in programs intended to either spark initial interest in
STEM for young children or in programs aimed at supporting
older youth through some transition point (e.g., applying to
college as a STEM maijor). Online models tend to be used in
programs that seek to build large numbers of STEM relationships
or to provide access to a wide variety of role models and
perspectives. Online formats are also popular when in-person
relationships are not possible due to geographic distance or other
factors such as individual disability’. Both in-person and online
formats demonstrated evidence of effectiveness in our review,
but these different program formats often differ in key ways
related to their structure and the focus of their mentoring
relationships.

In-Person STEM Mentoring

In addition to models where one mentor is paired with one

mentee, there are several additional varieties of in-person

mentoring found in STEM mentoring:

» One mentor to many youth (often in programs that
emphasize hands-on experiments)

» Many mentors to one youth (with each mentor filling
a unique role or perspective)

» (Near) peer group programs (common in undergraduate
mentoring programs where masters or doctoral students
mentor groups of undergraduates, as well as programs
where undergraduates mentor high school students)

» Many mentors to many youth (most common in online
platforms or models where a cohort of youth is placed in
internships together)

Another common configuration for STEM mentoring programs

is what might be called a “layered” approach to mentoring.

In these programs the primary mentor is supported by a more
senior scientist or faculty member while in turn serving a child

or adolescent mentee?. The most common configuration for this
approach has a senior faculty member supervising/mentoring an
undergraduate mentor who is in turn working with a high school
or middle school student. These programs have the potential to
both spark STEM interest and efficacy in younger students, while
also strengthening the undergraduate experience and supporting
persistence and completion of STEM maijors?.

PPN STEM MENTORING SUPPLEMENT

As noted above, we also encountered examples of multi-men-
tor approaches where youth get several mentors or “engaged
adults” working with them at once. The most common
configurations for these programs have a student mentor working
in tandem with a faculty mentor (in higher education settings)

or a worksite supervisor offering mentoring related to job skills
while another employee mentor offers more social and emotional
support around workplace culture, belonging, and “soft skills”
such as networking and professionalism. The appeal of these
programs is to ensure that young people get support on multiple
fronts and that those with some authority or supervisory
obligation over mentees are not also tasked with providing
deeper social and emotional support that might conflict with

their supervisory role. A good example of this type of
multi-mentor approach can be found in the case study of

3M'’s mentoring model (see sidebar).

Online STEM Mentoring

Online mentoring formats are mostly used in programs

where exposing youth to a large variety and volume of STEM
professionals or academics is important to the goals of the
program. This approach is common, for example, in programs
designed to help high school-age girls engage with a number of
female scientists so that they can develop a sense of belonging
in STEM and access a wider variety of scientists who could be
helpful to their academic or career aspirations*. Online platforms
allow for considerable networking within STEM fields, offer youth
a wider variety of perspectives and supports, facilitate youth
finding rare STEM role models who come from similar genders
or backgrounds, and may offset the negative experiences that
can occur when one-to-one matches do not meet participants’
satisfaction®. The research also suggests, however, that for some
youth a closer personal relationship with one mentor may be
most impactful for overcoming personal barriers to STEM
participation®. These more intensive dyadic relationships can
offer more focused and intensive support than a dispersed group
of online mentors online.

For programs using an online platform, the research suggests
that the frequency of interactions between mentor and
mentee is a key factor in the success of the relationship.

For programs using a group online format, the number of
mentors communicated with by youth may also be an
important metric that speaks to the amount and quality of
support a young person is getting and how personally engaged
they are with STEM as a whole’.



STEM MENTORING IN ACTION:
The Value of Multiple Mentors at 3M

HE 3M STEP (SCIENCE TRAINING ENCOURAGEMENT PROGRAM), now in its 46th year,
brings high school juniors and seniors into the 3M’s laboratories to learn alongside scientists. This unique experience
offers students from Minnesota’s Saint Paul Public School District the opportunity to develop mentoring relationships
with professionals in the STEM field. And, for numerous past participants, the program offers a stepping stone into a career
as a 3M corporate scientist.

Through STEP, students are matched with two mentors—a Technical Mentor and a Networking Mentor—who serve distinct
yet complementary roles throughout the internship. The Technical Mentor oversees the student’s lab projects and provides
feedback and support as the student learns new skills and collaborates with the team. On the other hand, the Networking
Mentor interacts outside the lab and focuses on helping the student navigate professional obstacles and personal challenges,
as well as connecting the student with additional opportunities, professionals, and experiences. Together, the two mentors
meet with the student to get to know one another and discuss the student’s goals.

This team mentoring approach provides students with a rich support system and comprehensive sounding board. Mentors

are intentionally paired to have different areas of expertise, offering students access to a varied network of professionals with
diverse skill sets. Encouraged to reach out with personal and career-related topics, students receive multiple perspectives in
return. Some students find they’re comfortable approaching different mentors for different topics, while other students connect
better with just one mentor. Having two mentors increases the likelihood that the student will develop a personal connection
with at least one, and it also enables students to develop a more robust professional network.
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As noted above, our scan of the field identified programs serving
youth across the K12 spectrum and into undergraduate higher
education contexts. But we also noted a shift in program purpose
as youth matriculate through their education.

Programs serving youth in elementary and middle school tend
to use mentoring to generate enthusiasm for STEM, show

how STEM subjects apply to real world settings and issues,
share more information about STEM careers and the roles
scientists play in solving problems, and nurture self-identification
as someone who could someday be a scientist or apply STEM
skills. Because many of these programs are set in schools, they
often also have an explicit goal of improving performance and
grades in STEM subjects. However, we did also note a theme
that many of these programs taught “soft” skills that would also
be very applicable to STEM careers, such as teamwork and
collaboration, organizational skills, and clear communication,

in addition to more academically focused goals.

Once students move into high school and undergraduate
settings, the focus of these mentoring programs tends to shift
to solidifying STEM identity (rather than creating it), building
practical skills, offering hands-on research or laboratory
experiences, and helping youth overcome systemic barriers.
These programs tend to pair mentors and youth for longer
periods of time and frequently use “embedded” experiences,
such as internships or a role on a research team as a way of
building both practical skills and a sense of belonging in STEM
work. They also frequently emphasize planning for, or direct
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completion of, various transition point activities, such as applying
to college as a STEM major, presenting research at an academic
conference, or securing a first job at a STEM company.

There is some sentiment in the literature that creating the initial
interest in spark is something that needs to happen before high
school 8%1°. However, we did find examples of programs that
were explicitly about trying to entice high school students,
especially girls and youth of color, who might have potential

in STEM but who had not connected to or identified with a
STEM-related future''. In spite of these exceptions, most
programs for younger students tend to focus on creating that
STEM *“spark” while those for older youth are more instrumental
in nature and focused on maintaining STEM engagement.

There was considerable consensus in the literature, though,

that neither approach was likely to be successful in the long-term
without the other, that a more continuous series of mentoring
opportunities might be most effective in growing the number of
STEM professionals generally and closing race and gender gaps
in STEM industries and academia'>'*'4. What seems to be most
needed, yet rarely provided to youth, are STEM opportunities
across their childhood into adolescence and young adulthood'> 6.
Varied mentoring relationships (and programs) over time, each
providing the right boost to engagement and self-efficacy at the
right moment, may be most effective for helping youth overcome
barriers to their STEM participation and persist in the face of
institutional or systemic inequities.

A good example of this form of intentional “handoff’ from one
program to another over a student’s matriculation can be found
in the profile on the next page highlighting the transitioning of
mentees across Genentech’s many Futurelab STEM mentoring
programs.



STEM MENTORING IN ACTION:
Genentech’s Futurelab Initiative

UTURELAB is a hyper-local STEM education initiative that supports all K-12 students in the South San Francisco

Unified School District (SSFUSD) and provides rigorous, hands-on science. While there are a number of programs

that engage South San Francisco (SSF) students and teachers, there are three signature programs that highlight a
continuum of programming that engages elementary, middle, and high school students: Gene Academy, Helix Cup, and
Science Garage.

Gene Academy is an elementary after-school mentoring program for SSF third- through fifth-grade students that pairs
approximately 200 students with two Genentech mentors to work together on homework and hands-on science experiments
for an entire academic year.

Helix Cup is an annual, semester-long science competition designed to engage all eighth-grade students—approximately
630 students—from SSF middle schools to help them develop problem solving, teamwork, and science skills with the help
of more than 100 Genentech coaches who guide student teams throughout the competition.

Science Garage is a high school classroom and lab that provides a four-year, and lab-focused biotech curriculum pathway.
This program gives 1,000+ high school students in the district the chance to gain lab skills and increase their awareness of
careers in biotech with the help of more than 140 Genentech scientists or “teachers assistants” who go into the classroom
every week during the entire academic year to support lab execution and share more about their career journeys.

This continuum of programming establishes multiple touchpoints to engage students in STEM and helps students develop
multiple relationships with STEM professionals from Genentech throughout their educational journey. In a field as challenging
as STEM, students are at an advantage if they have multiple supportive relationships that can help them find a STEM internship
or complete STEM programs. This continuum of programming empowers students to foster a passion for STEM at an early age
that they can build upon during middle school and high school, as they develop practical STEM competencies and consider
careers in STEM. Based on third party evaluation, this comprehensive approach has been successful in fostering excitement
about STEM, boosting confidence in doing hands-on STEM, and cultivating STEM skills.
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In addition to age-related shifts in program purpose, there were
a few other factors that tended to shape the activities and areas
of emphasis for STEM mentoring programs:

Closing Demographic Gaps in STEM Fields

The majority of the STEM programs discussed in the literature
had an explicit focus on helping youth from underrepresented
groups engage with and persist in STEM academic and career
pursuits. These groups included girls and young women,
members of specific racial and ethnic groups, youth with
disabilities, and youth living in poverty. Even when programs did
not explicitly state that their intentions were to close these gaps,
they often noted that they worked in schools or nonprofit settings
that served high numbers of youth of color or low-income youth
or that some special outreach was conducted to support the
involvement of similar groups.

Interestingly, we found examples of programs designed to
support struggling and disengaged students'”'®'°, as well as
programs that were explicitly supporting talented and gifted
students who were already deeply engaged in STEM, keeping
them on an existing pathway toward an eventual STEM
career?°2'22_Qbviously, mentors in these programs engaged in
different strategies and forms of support, but this finding further
highlights that mentors can be important for all types of students,
regardless of their STEM abilities or current level of future STEM
planning. Mentoring relationships seem to be valuable across
the entire spectrum, especially when deployed in an effort to
maximize the long-term engagement of groups that have
traditionally struggled to show interest or persist in STEM fields.

Direct Talent Pipelines

Less frequent in the literature were examples of programs
sponsored by STEM companies or industries. These programs
tend to focus on engaging high school age youth, providing them
with internships, summer bridge research opportunities, or other
projects that would develop youth skills and potentially help
identify students with high aptitude for specific STEM careers?.
While these types of programs were not referenced much in

the peer-reviewed literature (reflecting a lack of emphasis on
producing academic papers as an outcome of evaluating these
types of programs), our Working Group of STEM practitioners
certainly reflects this emphasis on nurturing the pipeline of STEM
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talent with programs sponsored by organizations as varied as a
teaching aquarium (Sea Research Foundation), a biotechnology
company (Genentech), and a multi-industry corporation like 3M.
Each of these programs serves as an example of a company

or industry investing in the next generation of workers directly
through mentoring.

As noted above, the main intentions of STEM mentoring
programs are largely reflective of the ages of the youth served
with corresponding activities that are appropriate for their
developmental stage and current level of STEM engagement.
In general, when looking across all ages, we see that specific
goals of STEM mentoring programs tend to cluster around
three main outcomes:

» Changing mentees’ attitudes, beliefs,
and plans related to STEM
Much of the work of STEM mentoring programs focuses on
building confidence and feelings of self-efficacy around
STEM subjects. These programs are grounded in a belief
that youths’ desire to continue in STEM pursuits will be
strengthened if they feel like they have the ability to do well
in STEM subjects. In addition to building confidence, these
programs also tend to build a sense of belonging and
“STEM identity,” in which youth feel like a STEM class
or career is a place that fits who they are and where they
are welcomed and encouraged?. We found support in the
literature for programs that help develop feelings of “self as
scientist,” in which mentored youth are able to not only see
their future self in a STEM career or role but feel that
engaging in STEM is an essential part of who they are as
a person?s, Helping youth see themselves in this light is
particularly important in programs serving groups
traditionally underrepresented in STEM fields who may
need the extra support and personal connection with mentors
to truly embrace STEM in this deep way. For a good example
of a program that emphasizes making students feel welcome
in the “culture of science” see the case study on the work of
the New York City Science Research Mentoring Consortium
later in this section.

Lastly, we find that STEM mentoring programs often take
these mentee gains in confidence and belonging and leverage
that change in service of increased planning to participate
or continue in STEM classes, applying to college as a STEM
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maijor, or transitioning into graduate school or a STEM

career. While helping youth feel at home in the world of STEM
is valuable, it means little if they don’t actually follow through
on practical steps along the pathway toward a STEM career.
Thus, many programs provide instrumental supports

(e.g., help with college access? or internships to gain job
experience) that make those gains in confidence and
belonging actionable.

» Increased participation in STEM
In addition to changes in attitudes and plans, another set of
goals is focused on measurable increases in engagement
and participation in STEM activities?”. This can be measured
in terms of taking more STEM classes, consuming more
STEM-related media, engaging in additional STEM
opportunities outside the program, and enrolling in higher
education as a STEM major. Many STEM mentoring
programs view themselves as a “gateway” to a world of other
STEM opportunities, often providing that first initial spark
or hint of success that helps a mentee connect to STEM
subjects or see STEM careers in a new light. Mentors in
these programs encourage their mentees to engage more
in STEM activities, including at home and with parents
and siblings who can be instrumental in facilitating
additional learning.

» Increased STEM knowledge, skills, and achievement
These are common goals for programs working in educational
settings, where the involvement of STEM mentors is intended
to produce improvements in mentees’ STEM test scores,
grades, and other markers of academic achievement.
While these goals are hoped for across the age spectrum,
they are most common in programs for older students that
offer hands-on research opportunities, longer-term projects,
and embedded experiences in STEM settings. These
programs tend to emphasize “mastery skills” that allow
mentees to take the next steps in their STEM education or
careers and apply what they have learned to real-world
projects and tasks?.

Many of the programs described in the literature
combine all three by getting youth engaged in STEM
mentoring activities and conversations with their
mentor that, in turn, build confidence and feelings
of belonging in STEM, which further translates into
increased knowledge and attainment in STEM.
Northwestern’s Science Club program is one such
example (reference; see vignette on p.71).
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It is worth noting that most STEM mentoring programs address
more than one of these goal areas. Many of the programs
described in the literature combine all three by getting youth
engaged in STEM mentoring activities and conversations with
their mentor that, in turn, build confidence and feelings of
belonging in STEM, which further translates into increased
knowledge and attainment in STEM. Mentors in these programs,
however, may be tasked with a role related to only one of these
goal areas. For example, a program may choose to have
volunteer mentors talk with youth about overcoming racial,
gender, or other systemic barriers to a STEM career, while
program staff or other professionals lead tutoring or other
instructional time designed to increase STEM skills and
knowledge. Alternatively, mentors may be focused on direct
teaching of STEM skills and processes for doing research,
while others address the more relational or social-emotional
aspects of engaging in STEM. Programs should think carefully
about what roles mentors need to fill and if there is a need to
have a wider range of caring adults step in to address barriers
to youths’ STEM engagement.

In addition to these broad goals, it's worth noting that many
programs, particularly those trying to get traditionally
underrepresented groups engaged in STEM, also provided
additional tutoring or hands-on instruction, along with
mentoring, as part of their services?, These programs rightly
recognize that it is unrealistic to expect mentees to become more
engaged with STEM or to see themselves in a STEM career if
they are struggling in the classroom or are behind their peers in
STEM knowledge. Thus, one strategy of many programs is to
help youth “catch up” to their peers in order to lay the foundation
for the growth in confidence and burgeoning STEM identity that
follows.

There is no “right” configuration of activities for STEM mentoring
programs, but each program should have a theory of change
that explains which of these goals are important to them and how
mentors and others work together to address these three broad
program goals.

Program Activities for Older Mentees

For older mentees, particularly high school-aged students who
have already expressed an interest or aptitude in STEM, one of
the more prominent activities was participating in direct research
experiences, often as part of a summer bridge program. These
types of summer programs offer a chance for mentees to work
directly alongside more experienced scientists and build their



™ STEM MENTORING IN ACTION:
New York City Science Research Mentoring Consortium

rograms withinthe NEW YORK CITY SCIENCE RESEARCH MENTORING CONSORTIUM are

committed to immersing mentees into the culture of science. As with many fields, scientists have a unique set of norms

that influence how professionals generally approach teamwork and collaboration, literature and language, and work in
laboratories. Consortium mentors strive to bring mentees into that culture so they can better understand how science operates
and are empowered to develop their own identity within the science community.

Mentors expose mentees to various aspects of science culture by inviting them to meetings and events within the science
community. Mentees often attend their lab’s meetings, where the principal investigator, other researchers, and students in the
lab provide updates on their research. Some labs ask mentees to present their own work or discuss a challenge and receive
feedback from the team; this provides mentees with experience communicating about their research and offers them insight
into how their work fits into the team’s overarching goals. Science is rarely done in isolation—something that is often surprising
to high school researchers—and learning to collaborate with others within the science community is critical.

Mentors might also invite mentees to attend presentations by visiting researchers, where they can learn what types of
questions people ask regarding a researcher’s methods and results, or to journal clubs, where mentees can acclimate to the
language used in scientific literature. Mentees often don’t have STEM role models before participating in a Consortium program,
so this experience exposes mentees to different types of scientists and enables them to build a professional network that can
help connect them with science opportunities later on. They are also exposed to professional behavior and learn the often
unspoken expectations of how to interact with professionals at many levels.

Mentees who integrate into the culture of science are able to foster an identity as part of the science community and develop
skills that equip them to succeed and persist in the field. Some mentees participating in a Consortium program get published,
while others get additional research placements based on skills they’ve developed. Because mentees have been active in
science experiences, they can see themselves belonging to the science community.
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research skills, while also maintaining and deepening
engagement in STEM during the summer months when youth
may lose interest. Longer direct research experiences during

the school year were also offered via internships, often at STEM
companies or in collaboration with a local college or university.
These types of activities can help youth get a sense of truly being
part of the “STEM world” and can build or reinforce a sense of
STEM identity. When possible, STEM mentoring for older youth
provides opportunities to experience a tangible feeling of what

it would be like to be in a STEM career or environment.

But this type of real-world experience can come with
challenges. One of the key considerations in bringing older
mentees to laboratories, workplaces, and universities is that
youth may need some coaching and training around
behavioral expectations and professionalism in these
environments®'. Several of the programs in our literature review
noted challenges around helping mentees understand rules

of workplace behavior, which ranged from participating in
meetings, staying on task, and communicating effectively with
other employees or team members, to more procedural topics
such as laboratory safety or rules around use of equipment.
These are the subtle nuances of professionalism and exposing
youth to these concepts in a supportive mentoring context can
serve them well in any professional setting down the line.

See the “Training” section for more details on how programs can
address this consideration.

Programs serving older mentees, particularly those who already
have solid STEM engagement, often directed mentors or other
adults to provide practical information about the college
application process. In one study, youth in the program (and
their parents) made substantial gains in knowledge about the
application process and next steps, even though the program
had spent limited time on the topic®2. This suggests that
combining STEM engagement activities with college access
services might be a potent combination for ensuring that more
youth enter higher education as STEM majors. The “Training”
section of this supplement offers more guidance on preparing
mentors to support college attendance work.

Program Activities for Younger Mentees

Programs serving mentees in grades K-8 often focus on
hands-on STEM activities that generate enthusiasm and
excitement, facilitate teamwork or peer sharing, and allow
students to learn and apply science or math concepts. These
activities are often mentor-led, with a STEM professional or
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older student assisting mentees in conducting an experiment
or a completing a STEM project.

When selecting specific activities for youth and mentors to
engage in, programs working to spark youths’ initial interest in
STEM may prioritize activities or experiments that support an
inquiry-based approach, designed to get students thinking
about the scientific process, reasons behind results, and lessons
learned from how they approached the challenge or question at
the heart of the activity®. These types of activities emphasize
asking questions, explaining results, and thinking about practical
implications regardless of the result of the activity. They are less
focused on finding a “right” answer, which can discourage
mentees who are struggling with the content, instead focusing on
the problem-solving and creative thinking aspects of science.

Programs working with elementary and middle school youth also
frequently emphasize fun activities that are not directly related
to STEM learning or content, but are instead intended to build
rapport, trust, and connectedness between mentors and
mentees. We did find some examples across our literature
review of programs for older youth that stressed relationship-
focused activities4, even into college-age programs®®, but
generally, programs serving older youth focus much more on
skill-building and work toward goals, while programs for younger
students offered a more even blend of STEM-learning and
relationship-developing activities.

It is worth noting that one of the key challenges for STEM
mentoring programs—one that was suggested in the research
reviewed for this guide® and reflected in the experiences of our
Working Group members—is ensuring that program activities
aren'’t so task-focused that the relationship at the heart of all good
mentoring is neglected. Because STEM mentoring programs
can rely so heavily on hands-on activities and completion

of research tasks and academic skill building exercises, the
relationship itself may not receive the attention it deserves.
Programs may struggle to offer mentors and mentees the time
they need to get to know each other, to talk about things other
than STEM, and to share a good laugh or connect in ways that
will make their STEM work more authentic and meaningful.

If there is one core recommendation at the heart of this guide,

it is that STEM mentoring programs should embrace and facilitate
true mentoring by implementing and adhering to practices that
ensure the expected frequency and duration of mentoring
interactions and foster the development of a real mentoring
relationship that goes beyond doing experiments and cool
projects together.



There were several other aspects of STEM mentoring program
design and implementation that were noted in the research
reviewed:

» Many STEM mentoring programs, particularly those serving
the younger grades, offered some form of parent and family
engagement. This commonly took the form of activities that
mentees could take home and do with their parents or
siblings. Programs serving older youth often engaged
parents in college access supports®. Those that involved a
longer-term research project often engaged parents in some
kind of presentation or capstone event at the end of the
program where they could see the STEM work their child
and mentor had engaged in. See the Training and Closure
sections for more information on how parents and families
can be brought into the work of STEM mentoring programs.
(And for a good example of STEM parent engagement in
action, see the sidebar on Sea Research Foundation’s
end-of-year events.)

» Transportation challenges were noted in studies of
programs in our literature review**—and confirmed by our
practitioner Working Group. We found examples of this
impacting both rural and urban programs. Getting youth out
to STEM businesses or off-site locations to participate in

» Regardless of how mentors and mentees get to their

meetings, STEM mentoring programs can also face
challenges in securing appropriate meeting spaces for
matches to conduct hands-on STEM activities. Finding space
to do mentoring activities in schools can often be a challenge,
but it is especially important for STEM mentoring where
mentors and youth often need larger or open spaces where
they can conduct experiments or do other hands-on STEM
projects. This issue can be most acute in programs where

a nonprofit or university-based coordinating agency is bringing
mentors to meet with students at their school or in another
physical space the program does not manage. Some physical
space limitations can be mitigated by proactively selecting
activities that match what the school can realistically offer
during the design and planning stages (e.g., avoiding
selecting an experiment that requires ventilation for smoke
for a school setting where matches are meeting in small,
unventilated rooms).

Finally, one common practice in programs utilizing a
structured curriculum to guide mentoring activities is to
review and refine the curriculum annually based upon
mentor and mentee feedback. This practice ensures that
activities that don’t quite work as expected are improved or
replaced with something better and that training for mentors
can be adjusted or reworked to give next year’s mentors and
mentees a stronger experience.

STEM activities can be challenging. Frequently, these Additional considerations for program design and implementation

programs were located at mentees’ schools or other are covered in the following section 2, “Standards of Practice for

easy-to-get-to locations, rather than asking mentees and STEM Mentoring Programs.”
families to travel to a company or university. Having the

school as a central location to host the STEM program can

alleviate transportation and resource concerns. But there

can also be challenges in bringing mentors to the school site,

especially when trying to get STEM employees or college

students who might have different schedules to the same

location at once. Programs may find it easier to arrange

transportation themselves, if possible, in an effort to increase

participation.
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 Scarposea il _ d{ STEM MENTORING IN ACTION:

Sea Research Foundation

EA RESEARCH FOUNDATION’S STEM MENTORING PROGRAM has found that family engagement
is a key component to program success. For example, when families have opportunities to access and understand the
program, they’re able to discover its value and are less likely to pick up their children early or skip a day of programming.

STEM Mentoring has developed several opportunities to engage families throughout the program’s duration. Each site is asked
to hold an information session for participating youth, families, and mentors to kick off the program, during which sites share
program goals and expectations for mentees and mentors. Additionally, each STEM Mentoring module includes a multitude

of resources for youth to share with family members at home, including websites, games, online videos, and printed books on
STEM topics. The resources are age-appropriate, relevant, and fun, so mentees are more likely to be excited and share them
with siblings and parents/guardians.

Families are also invited to participate in select STEM enrichment activities during the program year as well as the graduation
event at the end of the year, where mentees share what they learned during the program. Mentees are encouraged to present
their work in their native language if English is the second language at home. These events are sometimes the first time that
families are able to see first-hand what mentees and mentors have been working on together, and families are often amazed
at the new skills mentees have acquired.
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Recruitment

STANDARDS OF PRACTICE

Program recruits mentors whose skills, motivations, and backgrounds best match the goals and structure of the program. (B.1.3)

» STEM RECOMMENDATION
Recruit volunteers with scientific backgrounds or current employment in a STEM field to serve as mentors, particularly if mentors
will be teaching STEM content, leading complicated STEM activities, or serving as role models to mentees who are members of a
group (e.g., African-Americans, women) that is underrepresented among students majoring in a STEM field or among employees

ina STEM job.

» STEM RECOMMENDATION

Recruit mentors who express interest in developing a supportive, caring relationship and friendship with their mentee(s),

and not just promoting their mentees’ interest in, or commitment to, a STEM career.

Program recruits mentees whose needs best match the services offered by the program. (B.1.7)

» STEM RECOMMENDATION

Program engages in recruitment strategies directed at potential mentees that show people who are working in STEM careers

as part of a collaborative community of talented, interesting people.

» STEM RECOMMENDATION

Program engages in recruitment strategies showing people working in STEM who are concerned with helping people or applying

their work to improving the world.

Justification

The recruitment process provides the first contact that a
volunteer mentor, mentee, or parent or guardian of a mentee
may have with a STEM mentoring program. This means that,
as in any mentoring program, recruitment can contribute to
setting the stage for a sustainable and high quality mentoring
relationship through communicating clear expectations;
reinforcing motivations; and generating excitement, enthusiasm,
and commitment for entering into a mentoring relationship.

Aligning Recruitment with the Stage

of Mentees’ STEM Engagement and Interest

As noted in the Introduction, when our literature search did find
empirical studies on STEM mentoring, they were often designed
for undergraduate students (and occasionally graduate students
who were being encouraged to enter or remain in a STEM
major). In fact, many colleges are so aware of the national STEM
workforce problems that they have developed well-articulated,
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comprehensive plans for recruiting and retaining students into
STEM majors’2.

Although this literature focuses, for the most part, on under-
graduate students, it remains relevant for our recommendations
to those serving K-12 students with STEM mentoring for several
reasons. The plans are carefully thought out and include a range
of different models of mentoring programs that can be applied

to K—12 or college summer bridge programs. In addition, they
typically have goals and strategies that are designed to further
students’ STEM involvement or engagement, which has
implications for our recruitment recommendations here.

For example, recruitment strategies for a K-12 STEM mentoring

program might consider the following broad target audiences,
based upon the program’s goals.
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STANDARDS OF PRACTICE Recruitment

» Recruitment into STEM
When a program is focused on initially engaging mentees in
a STEM field, then a diverse set of mentors—who may or may
not be teaching or working in a STEM field—may be recruited.
In other words, mentor expertise or knowledge around STEM
subjects is less important to program success than a general
interest in STEM. Furthermore, mentee recruitment may
also be more broadly defined. By “casting the net widely,”
mentoring programs focusing on STEM recruitment might
capture the interest of students who might not have had
previous experiences in STEM that were exciting, fun,
engaging, creative, or stimulating.

» Retention in STEM
In contrast, mentoring programs aimed at retention of
mentees in a STEM major or career path tend to have
program recruitment goals, target populations, and
program activities that are more intense and focused than
more entry-level programs. Mentors recruited into STEM
retention programs tend to be people who are currently
working in or retired from a STEM field, who have the
education and expertise to direct activities that may be
complicated and require having technical skills. In addition,
STEM professionals can contribute to supporting STEM
retention efforts through being a role model or providing
information and connections. Mentees recruited into a
STEM retention program may be enrolled in a STEM major or
STEM courses, or engaged in extracurricular STEM activities.

These broad goals clearly will influence the target populations

of mentors and mentees for a STEM mentoring program. In
addition, the mentees’ stage of involvement in STEM will also
influence when, where, and how to recruit mentors and mentees,
and what messages to include in recruitment activities and
materials. These issues are discussed below.

Some STEM mentoring programs operate at somewhat of an
advantage with regard to recruitment of mentors because they
are located within a workplace or educational setting where
they have a readily accessible audience of prospective mentors.
In addition, mentors in these setting may receive some form of
compensation or incentive (e.g., course credit, release time)

for participating in the mentoring program. Despite these
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advantages, STEM mentoring programs, including members
of our Working Group, still report challenges with mentor
recruitment and match retention.

Unfortunately, the empirical literature on STEM mentoring
provides little direct guidance regarding effective recruitment
practices. In fact, participant recruitment locations are frequently
mentioned in studies or reports of STEM programs (e.g.,

flyers in the lunchroom, announcements at faculty meetings),
whereas the content of recruitment messages or strategies is
usually missing from program descriptions. The messaging used
during the recruitment process is equally, if not more, important
than the locations for conducting recruitment. This topic is an
important direction for future research.

Photo courtesy of 3M

STEM MENTORING IN ACTION:
3M

ith its commitment to apply science to improve

lives around the world, 3M has fostered a strong

culture of service and community engagement.
STEP recruits 3M volunteer mentors by promoting the
opportunity at internal events—including networking events,
technical forums, and outreach events—as well as through
communication channels such as 3M’s LinkedIn community,
newsletters, the employee intranet, and digital monitors on
display throughout corporate headquarters in St. Paul. Some
of STEP’s most enthusiastic mentors are those who partici-
pated in the program back in high school and work
at 3M today. You can find information about 3M’s mentoring
programs in the Introduction.
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STANDARDS OF PRACTICE Recruitment

Characteristics of Mentors Recruited

for STEM Mentoring Programs

Benchmark.1.3 states that mentoring programs should recruit
mentors whose skills, motivations, and backgrounds best match
the goals and structure of the program. There are two major
recommendations related to this benchmark.

o RECRUITMENT OF MENTORS WITH
STEM EDUCATION OR WHO ARE EMPLOYED
IN A STEM FIELD

Our first recommendation is to recruit volunteers for the
program who have scientific backgrounds or current
employment in a STEM field to serve as mentors. This
recommendation is considered to be particularly relevant if
mentors will be teaching STEM content in the program or
leading complicated STEM activities. See the sidebar for
one example of how a leading company encourages their
employees to get involved in their STEM mentoring work
with youth through a variety of channels.

The recruitment of mentors of this type has several factors
for programs to consider:

Technical Skills Needed to Mentor in the Program
The types of technical skills that may be needed to be a mentor
in a STEM mentoring program will depend on the goals of the
program.

» Initial engagement goals
STEM mentoring programs that have the goal of interesting
K—-12 students in STEM may be less focused on the need for
advising and connecting, and may hope to instill a spark of
interest or curiosity about STEM in mentees. At this stage
of development, activities may be designed to be fun and
engaging, and less related to professional STEM work
activities. To serve as a mentor in this type of program,
at a minimum, mentors need to be interested in STEM.

» Retention goals
Sustaining an interest in STEM requires mentoring that may
initially focus on helping mentees to acquire knowledge of
a STEM field to, ultimately, supporting mentees attempts to
create new knowledge in the field. To support these more
advanced efforts, programs should recruit mentors who have
substantive knowledge and expertise of the discipline. In the
case of STEM mentoring, recruiting mentors with scientific
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backgrounds or current employment in a STEM field is also
grounded in social learning theory principles. When students
have repeated exposure to STEM professionals who are

not just a group instructor or facilitator, and develop a more
personal helping relationship with a mentor, they can observe
and learn how to enter and navigate STEM careers. Although
theoretically, mentors in a STEM profession should add to
the magnitude of the impact of a STEM mentoring program
on youth, we were unable to locate any studies that actually
tested this hypothesis.

Influence of Activity Features on Mentor
Qualifications

The types of technical skills that may be needed to be a mentor
in a STEM mentoring program will also depend upon the
activities included in the program.

» Program complexity
If matches complete STEM activities together, it may be
helpful if mentors have some level of education or
employment in a STEM field. The depth of knowledge and
experience will depend on the complexity of the STEM
projects being done and the presence of other instructors
or advisers who can assist with instructions and monitoring
progress.

» Level of technical knowledge
Often there are sophisticated technical skills that need to be
learned and mastered to conduct STEM projects or research
in mentoring programs aimed at deepening an interest in
STEM3.

» Safety considerations
Having a background in the STEM field can be useful for
practical and safety reasons in that mentors who are familiar
with the procedures for conducting a STEM activity can focus
their energies on their mentoring relationship and mentee(s)
rather than the logistics and instructions for completing the
activities.
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" g STEM MENTORING IN ACTION:
Girls Inc.
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HE GIRLS INC. EUREKA! PROGRAM provides STEM education to underserved girls and young women

by facilitating hands-on STEM experiences and professional and personal development activities in a college campus

environment. Girls Inc. is intentional about recruiting women as mentors so that mentees have positive and successful
female role models in a field disproportionally represented by men. Girls Inc. has found that when girls gain exposure to
successful women in STEM, they’re able to envision themselves in a field where they may have previously felt they didn’t
belong. As Calista, a third-year participant in the Eureka! program at Girls Inc. of Worcester, Massachusetts, said:

"During my time at UMASS, | met amazing women in the field of medicine. (My mentor) helped me to
see that even in a male-dominated industry, women can succeed . . . Before this program, | didn’t
really know what | wanted to study in college or become when | finished my degrees. Now, | see
that there are many opportunities for women in STEM."

Girls Inc. recruits women from STEM professions by tapping into groups, communities, and companies that align with Girls Inc.’s
mission and model, including local STEM companies and women’s interest groups. Girls Inc.’s local chapters have developed
partnerships with the Society of Women Engineers and The Links, Incorporated—a nonprofit comprised of 15,000 professional
women of color—to recruit mentors and develop the next generation of STEM professionals.

These partners, along with women'’s interest groups embedded in local STEM companies, have been great sources to recruit
diverse mentors, many of whom are from underrepresented populations in their professions and can relate to navigating
through adversity in the workplace. Mentors can shine as examples of women who have survived and thrived in STEM, and
they can also communicate with mentees about the challenges they experienced—from being left out of study groups to not
feeling heard in meetings—and support girls as they encounter the same obstacles.
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Workplace Incentives for Being a STEM Mentor

» Incentives for professionals who work in
STEM jobs
Sometimes mentors have been incentivized to volunteer
to participate in a mentoring program through release time
at work or even direct funding to hire students to work in
their labs*.

» Incentives for college faculty mentors
These incentives can be instrumental, particularly at the
college level, because the workload of STEM faculty
members is heavy and has been growing over time®.
Furthermore, promotion and tenure decisions are primarily
based upon reviews by peers from other institutions
concerning research quality and productivity, and they are
often unfamiliar and uninvolved in the faculty member’s
mentoring of undergraduate students or volunteering
to mentor K-12 students.

Recruitment of STEM Professionals Who Are Also
Members of an Underrepresented Group

Some mentoring programs—oparticularly those who focus their
mentee recruitment efforts on students from groups that are
underrepresented in STEM—carefully target mentors who are
similar demographically to their mentees. In other words, they
recruit mentors who both work in a STEM profession and who
themselves are members of a group underrepresented in STEM,
such as women, members of specific racial or ethnic groups, or
those with disabilities. For a real-life example of a program that
specifically targets female STEM professionals in this way, see
the previous page on the recruitment strategies of Girls Inc.

The roots of this decision come from an understanding of the
definition of mentoring and forms of support that mentoring
programs hope that their mentors will provide to mentees.

In STEM mentoring, three common roles of effective mentors
include being a trusted adult friend, a nurturer of possibilities,
and a positive role model®—and each role can be operationalized
in terms of meeting program goals.

Being a trusted adult friend might mean providing emotional
support, acceptance, and coaching regarding coping with
educational or career-related challenges. Being a nurturer of
possibilities in this context might mean increasing mentee’s
knowledge of and exposure to STEM-related professionals,
experiences, institutions, and educational or career opportunities.
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Being a positive role model might be passively observed in a
STEM-related educational pathway or job position that mentees
can emulate, or behaving intentionally in prosocial, healthy ways
related to STEM education or work that mentees can imitate.

It has been hypothesized that when mentees and their mentors
share being a member of a group underrepresented in STEM,
these roles may be enhanced in several ways. For example,

» Observing how senior professionals handle complex
situations at work’. For example, female STEM mentors
can help female mentees cope with different work situations
that may be prejudicial or discriminatory.

» Psychological identification with a same-race senior mentor
can provide an example of academic success®.

» Identification is also important for retention and successful
performance. By identifying with someone who is successful
in a field and similar in important ways to oneself, it can help
reduce negative stereotypes about one’s group’s abilities.
An example of a negative stereotype is that women are less
capable than men in STEM. When someone is both a
member of the stereotyped group and aware of the
stereotype, it can result in anxiety and underperformance
in testing situations (which is referred to as stereotype
threat)®'%"". In turn, awareness of negative stereotypes
and low performance can result in a feeling of not belonging.

With few women in male-dominated fields to serve as role
models, fields such as physics are vulnerable to women
being impacted by negative stereotypes. In fact, one study
found that awareness of stereotypes about women having
inferior ability in physics was related to a lower sense of
belonging and worse academic performance in a college
physics class for women, but not men'2. This study
demonstrates how negative stereotypes effect a sense of
belonging and these attitudes can be a significant barrier
to women entering STEM.

In another study of high school students enrolled in a STEM
summer camp program, analyses were conducted that
divided students into one of five groups'. Group member-
ship was based on students’ ratings at the beginning and end
of the program of how important they thought it was to have
a mentor that shared their ethnicity, gender, and social class
background, and how much contact they had previously

had with mentors who shared their background. Group
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membership was related to outcomes of science
self-efficacy, identity as a science student, and commitment
to pursue a science career. Notably, students in the stably
high group (i.e., those who consistently reported receiving
high levels of mentoring from mentors who shared their
backgrounds and thought that sharing a background was
important) reported increases in efficacy, identity, and
commitment as a science student.

Other groups in this study also reported increases in one

or more aspects of their scientific identity. For example,
students who had stable contact with mentors over time, but
decreased in their reports of the importance of background
similarity to mentors increased in their science self-efficacy.
The findings from this study were interpreted in terms of the
positive future self and identity theories''5. Consistent with
these theories, by observing and having a close relationship
with successful STEM professionals from similar back-
grounds, students were able to envision themselves working

successfully and competently in a similar career in the future.

Thus, by being able to identify with someone like yourself in a
STEM career, it can build a sense of belonging and commitment
to a STEM field.

Recruitment of Guest Visitors or Presenters

In addition to having mentors (who may not be in a STEM field),
some STEM mentoring programs also recruit additional STEM
experts to visit as guests or presenters’®. Having these guests
can expand mentees’ professional networks and give mentees
the opportunity to meet people who are working in a STEM
profession, even if they aren’t able to develop close, mentoring
relationships with them. Because the free time of STEM
professionals is often so limited, this approach can be a quick
and easy way to initially get them involved in the program and
perhaps ease them into an eventual full mentor role.

Recruitment of Near-Peer Mentors

in STEM Mentoring Programs

Because there may not be a sufficient number of adult expert
STEM mentors in geographic proximity to a mentoring program,
some have explored models utilizing other types of mentors'.
The engagement of peer leaders (sometimes called
ambassadors) or near-peer mentors has been frequently
reported as a potential structural solution to solving mentor
scarcity and mentee retention'®'® problems.
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Notably, recent research suggests that student engagement is
enhanced by peer mentoring?2!. Near-peer mentoring still utilizes
a hierarchical approach??, but mentors and mentees are matched
together based upon similarities in age, experience, rank, and/

or power?, Relationships with successful near-peer mentors

help to create a welcoming environment where younger students
can begin to envision themselves working in a STEM major or
career. In addition, near-peer mentoring can be very efficient in
that mentors can be trained to provide mentees with more regular
and ongoing instrumental and psychosocial support than many
employees, graduate students, or faculty members can provide.

Recruitment of near-peer mentors has been found to be
effective in some studies of STEM mentoring programs delivered
to students from groups that are underrepresented in STEM
careers and near-peer mentoring programs have been
implemented at many universities®. In several small studies,
upper-level undergraduate students were recruited to serve as
STEM mentors to high school students? or first- or second-year
undergraduate students?6?” with positive and complimentary
effects on both the mentors and mentees. In another small,
near-peer STEM mentoring program involving middle and high
school mentees and undergraduate mentors from under-
resourced communities and schools, mentors reported a wide
range of personal and professional benefits, while mentees
increased in their interest and engagement in STEM?. In
another study, middle school students positively rated
after-school STEM activities led by high school and graduate
student mentor volunteers indicating a high level of engagement
and strong interest in science after participation®® .

The fact that near-peer mentors, who are often upper-level
undergraduate students from underrepresented groups, benefit
from mentoring is an added advantage of this model, because
these near-peer mentor students are also at high risk of
dropping out of STEM majors and being a mentor may increase
their retention in a STEM field. The recruitment of near-peer
mentors should be implemented with caution due to findings that
matches with college-aged mentors have been reported to be

at increased risk for premature closure compared to matches
involving older mentors3°3",
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9 VOLUNTEERS NEED TO BE INTERESTED

IN RELATIONSHIP DEVELOPMENT IN ADDITION
TO HAVING AN INTEREST IN STEM

The second recommendation related to Benchmark 1.3 is to
recruit mentors who are interested in developing a supportive,
caring relationship and friendship with their mentee(s), and

not just enhancing or sustaining their mentees’ interest in a
STEM career.

Mentors in STEM programs are motivated to volunteer for many
reasons® in addition to typical motivations for being a mentor.
They may be:

» Passionate about sharing their research and/or their
discipline;

» Committed to STEM education across all ages;

» Committed to developing the scientific competencies
of students;

» Cognizant of the shortage of underrepresented groups
in their STEM field; and

» Excited about sparking an interest in their STEM field
in young people.
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However, these motivations alone might not result in an

authentic mentoring experience for young people. It is important
to recruit mentors who are also interested in being a special type
of adult to a young person, one who does more than just hang
out for some activities. Recruitment messages need to include an
appeal to potential mentors who are interested in developing a
close, supportive, helping relationship with a mentee. This means
that mentors are not only willing to be a strong role model and
provide mentees with instrumental or informational support, and
access to resources, people, experiences, and events related to
STEM, but they should also be enthusiastic about developing

a friendship that runs deeper than simply doing the program
activities. Being a trusted adult friend includes things such as
providing emotional support; discussing hurdles and ways of
coping with challenges along the pathway to a STEM career; and
the importance of being trustworthy, empathetic, and authentic
with mentees. Not every STEM professional or major will want to
build that depth of relationship with a mentee, but it's worth noting
that almost all successful mentoring hinges on some meaningful
level of mutuality, trust, and personal connection.

Thus, it is important to recruit mentors who are not just externally
incentivized to participate or interested in sharing their field

with mentee(s), but also motivated to establish that helpful,
supporting, caring relationship and friendship with their
mentee(s).
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Similar to the literature on mentor recruitment, descriptions
of mentee recruitment tend to focus on defining the target
population of mentees and location of recruitment activities,
with little said about the content of recruitment messages.

Despite the fact that we have little to no direct research on the
content of mentee recruitment messages, we can draw on
findings from a broader body of literature on the factors that
attract youth to STEM fields for making recommendations to
STEM mentoring programs. We can also draw inferences from
research findings on the reasons why students, and even STEM
professionals, leave a STEM major or career. Luckily, there

are robust empirical literatures on attraction, engagement, and
retention of students to STEM majors and careers, and we turned
to these studies and writings to inform most of the recruitment
recommendations suggested here.

Recruiting Mentees Who Will Most
Benefit from the Program and the
Importance of Tailoring Recruitment
Messages Based on Mentees’ Current
Engagement or Interest in STEM

Benchmark 1.7 addresses matching the needs of mentees to
the services offered by the program. Whether programs recruit
broadly or focuses on specific types of students to serve as
mentees, their materials need to include basic information about
their mentoring program components so that mentees (and
parents) are well informed and have realistic expectations
about what the mentoring program will offer. Topics for mentee
recruitment materials include such things as a description of
the program activities and requirements; brief biographies of
mentors, particularly if they are faculty members; logistical
commitments, such as program length, and meeting frequency,
duration, and location; and whether the mentees receive any
kind of compensation (in programs that offer internships or
others work-like experiences).
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Beyond these basic elements, STEM mentoring programs may
use different strategies based on whether they are focused on
recruitment into or retention in STEM fields.

Recruiting Students Already Engaged in STEM

to Prevent Their Attrition

Whether STEM mentoring programs are focused on mentee
recruitment to or retention in STEM, they may want to recruit
students with an intrinsic interest in or curiosity about STEM
(e.g., honor students in a STEM class in high school). If limited
resources are available for implementing a STEM mentoring
program, efforts may be best spent focusing on a population
of mentees who may be most receptive to ultimately working
in a STEM career.

Programs may recruit in locations where they can find these
types of students (e.g., after-school clubs). Some mentoring
programs focus on recruiting students at high risk for leaving a
STEM field who have already decided to apply to study STEM
or are enrolled in a STEM major, and therefore, they keep the
bar low and attractive for program entry®3.

Regardless of who the program is recruiting, building

mentoring experiences specifically to combat the reasons
youth leave STEM pathways may maximize program success.
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Reasons for Attrition in STEM Majors and Careers

» Personal performance doubts
Research on factors related to STEM attrition has revealed
that students may leave a STEM field for a wide variety of
reasons. For some students, their interests change and they
become attracted to another discipline, while others may
leave, not because their interests have changed, but for more
personal performance reasons. Specifically, some students
retain an interest in STEM, but leave a STEM major or career
path because they don’t feel like they belong or can be
successful in a STEM major or career; they feel that they lack
creativity; or they feel isolated®*. Low feelings of self-
competence or self-efficacy in STEM can result in students
not persisting in a major or discipline when they encounter
challenges, obstacles, or failure experiences. These types
of negative experiences are potentially manageable from an
academic scholarship or performance perspective for many
students, but become overwhelming and feel insurmountable
for students who feel unsupported.

» Negative feelings, which are worse
for students in underrepresented groups
Students who are underrepresented in STEM fields such as
women, first-generation college students, student with
disabilities, and students in racial or ethnic minority groups3¢-*"
are often found in this group of disenfranchised and alienated
students. Furthermore, these underrepresented groups are
also less likely to have relationships that help them in their
education and career development® and report dissatisfaction
in their careers due to a feeling of professional isolation3®4°,
Feelings of isolation emerge early in one’s education. In fact,
one study noted that females were most likely to switch out of
a STEM major between their freshman and sophomore years
in college*'. One implication of these findings are that STEM
mentoring programs focused on retention might direct their
efforts to recruiting students to participate during the summer
after high school, as well as during the first year in college.

» The type of STEM experience
Another key predictor of STEM retention is related to
student’s actual experiences in the STEM field. In fact,
ongoing persistence in a STEM major has been found to
be associated with having an academic adviser; experience
participating in authentic professional events, such working
on research projects; and attending or presenting at scientific
conferences*?43.
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Implications for Mentee Recruitment Messages

Taken together, the findings from these studies on student
retention provide ideas regarding content that might be included
in recruitment messages into STEM mentoring programs:

» Being mentored may reduce feelings of isolation in a STEM
class, major, or job.

» Being mentored may help mentees build communities that
support a feeling of belonging in a STEM field.

» Normalizing the experience in science of experimentation
sometimes works out differently than planned or hypothesized
to reduce feelings of failure when experiments don’t work.

» Mentors are available to help with educational and career
advising in STEM and in general.

» The STEM mentoring program provides opportunities to
engage in authentic STEM activities related to being in a
STEM career with the support of a mentor.

» The STEM mentoring program sponsors or has mentees
attend authentic professional STEM events with the support
of a mentor.

Recruitment Messages Targeted to Students

from Groups Underrepresented in STEM

Students from underrepresented groups frequently report that
their teachers or professors were not welcoming and hence,
they felt like they didn’t belong*. These findings suggest that
recruitment materials should be warm and welcoming. They
should also include messaging to prospective mentees that they
have a place in the discipline and that it is inclusive of a diverse
population of students and mentors. In other words, showing
photographs or videos of mentors that are diverse with respect
to gender, racial and ethnic background, and disability status
will communicate acceptability of diversity within the STEM
mentoring program.

The basic literature on STEM recruitment and retention suggests
that messaging for underrepresented groups should directly
address motivational factors associated with pursuing a STEM
major or career. Motivation can be thought of in terms of one’s
goals and values, and in this case, goals related to one’s career
are particularly relevant.
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Two types of goals have been found to be important to students
from underrepresented groups:

» Anchoring STEM activities to real-life
or relevant issues or questions
Many students, even around the world*, view STEM as
irrelevant*é, particularly when STEM education, findings, or
activities are presented in ways that are decontextualized
from their everyday lives. This framing can be a barrier to
engagement, but if understood and acknowledged, this
perspective can also be leveraged in instructional design
of curricula used in STEM programs, and consequently, in
recruitment materials for STEM mentoring programs. In other
words, STEM can be taught in a contextualized way, meaning
that it can be made relevant to students by having them
complete projects or activities that show how STEM can
help us better understand the world students live in and
by integrating its social, economic, environmental, (etc.),
components*. In fact, studies that examined the impact of
contextualized STEM interventions with students have
reported a range of positive effects.

» Communal goals and personal values
of improving the world and the lives of others
Working in a career that has personal relevance or meaning
and that is consistent with one’s values is particularly
important to youth from underrepresented groups. These
values tend to be communal and prosocial, meaning that
students make helping their community a priority.

Implications for Mentee Recruitment Messages

» Showcase professionals engaged
in science because of communal goals
Many studies have now examined the career goals of groups
who are underrepresented in STEM including women?*849:80.51
minority groups (e.g., Native Americans, Latinos)%2%,
students from low socioeconomic backgrounds®+%®, and
first-generation college students®. Students in all of these
groups have been found to be more likely to endorse
communal goals of wanting to help others, the value of
interdependence, and deep commitment to helping improve
the lives of individuals in their communities than other
goals or than their peers. For example, Black and Latino
STEM students have reported having more altruistic goals
focused on working for social change, as well as caring about
equity and social justice issues more than White STEM
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students®”%. Even students who choose to pursue graduate
work in a STEM field report having a bigger purpose in life
and hope to serve as a role model for other students from
underrepresented groups®®.

Another way these general goals get manifested is in a choice
of major. For example, girls report a stronger interest in life
sciences than in the physical sciences, because they believe
that they will have a greater opportunity to help others in a
career in the life sciences®. Given these attitudes and beliefs,
additional information about how STEM careers in the physical
sciences, as well as life sciences, can help society may
broaden girls’ interests.

Another important message for attracting youth from
underrepresented groups is to connect explicitly that working
in a STEM career, and even simply completing the STEM
activities in the mentoring program, can provide mentees with
a means of helping others and contributing to improving the
world. In fact, recruitment materials showing matches
completing service learning projects in STEM or projects

that connect science and society may be helpful for both
recruitment to and retention in the mentoring program. Another
approach to validating the communal nature of STEM is to ask
mentors who are working or being educated in a STEM field to
share why they chose their field of study or work and why they
do the work that they are doing®'. Their career goals and
choices can be shared in print materials, in videotaped
interviews or testimonials, through social media, and/or on

the mentoring program’s website. Mentors may have
well-articulated and passionate reasons for their chosen

field that may be motivating and affirming to students with
similar communal goals.

Remember, “One size does not fit all” when it comes to career
motivation. Although the research suggests that students from
underrepresented groups are, on average, more motivated by
communal goals or wanting to help people than other goal,
these goals are not held by all students. Other goals are also
important to represent when recruiting students into a STEM
program such as having an intellectual curiosity about a topic,
or simply finding certain STEM activities pleasurable.

Collaboration is desirable over solitary work

Communal goals not only include science that gives back to
the community, but also work that involves collaboration®?.
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Having collaborative goals predicted interest in science,
particularly for women®3, Collaboration is important, but not at
the expense of prosocial goals for a STEM career, which are
paramount®,

Students frequently have negative stereotypes about people
working in STEM careers, unfortunately believing that STEM
work results in a lonely and solitary life®. These common, but
inaccurate, stereotypes depict scientists as geniuses toiling
away alone through the night in a lab, or as a quirky
computer geeks obsessed with writing computer code and
sitting for days on end alone at the computer. In addition,
scientists are frequently stereotyped as having poor social
skills, and being temperamental, hard to work with, and
socially awkward. These negative stereotypes can undermine
attempts to recruit students to participate in STEM who want
to be socially competent, if not popular, and have communal
goals focused on collaboration. Unfortunately, much of the
popular culture reinforces these stereotypes—however, it is
worth noting that these stereotypes are malleable and can be
modified through positive media representations of people in
STEM jobs where STEM professionals are shown as sociable,
interesting, fun to work with, and even “cool®.

Taken together, these findings suggest that mentee
recruitment materials for STEM programs would benefit

from showing examples of mentors and mentees having fun
together working collaboratively on a STEM project that may
involve innovative forms of technology (e.g., virtual reality) and
games®. These recruitment materials would be designed to
counter directly the negative stereotypes of people working in
STEM fields and what it is like to work in a STEM field®.

One noteworthy caveat is that all students do not enjoy
working collaboratively with others and may prefer an
independent working environment, for a variety of reasons.
Working in a STEM field allows for very diverse working
environments that can include students who prefer not to
work on a team.
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STANDARDS OF PRACTICE Screening

Program has established criteria for accepting mentors into the program as well as criteria for disqualifying mentor applicants. (B.2.1)

» STEM RECOMMENDATION
STEM mentoring programs should emphasize screening for mentors who:
» Exhibit strong social skills (in addition to strong subject matter expertise).
» Are willing to talk about their personal experiences in the STEM field, especially in programs designed to help youth overcome
systemic or personal challenges to a STEM education or career.

» STEM RECOMMENDATION
When appropriate, and to the degree possible, STEM mentoring programs should screen mentors on the demographic or
background characteristics that match the youth who will be served by the program, particularly if the program is designed to interest
underrepresented youth in STEM fields.

Prospective mentors agree in writing to a one-year (calendar or school) minimum commitment for the mentoring relationship,

or a minimum time commitment that is required by the mentoring program. (B.2.6) And prospective mentors agree in writing to
participate in face-to-face meetings with their mentees that average a minimum of once a week and a total of four or more hours per
month over the course of the relationship, or at a minimum frequency and amount of hours that are required by their mentoring
program. (B.2.7)

» STEM RECOMMENDATION
STEM mentoring programs should assess during the screening process whether prospective mentors may have scheduling
challenges or conflicts that would hinder their full participation in the program, screening out those who may be unable to meet
with mentees consistently (e.g., potentially challenging groups may include college students, employees at local STEM companies,
and faculty in higher education).

Program has established criteria for accepting youth into the program as well as criteria that would disqualify a potential youth
participant. (B.2.8)

» STEM RECOMMENDATION
STEM mentoring programs, when appropriate and particularly in programs with capped enrollment, may want to prioritize accepting
youth of color, girls and young women, youth with disabilities, first-generation college students, and other groups that may be
underrepresented in STEM fields and careers.

» STEM RECOMMENDATION
STEM mentoring programs may want to set eligibility criteria around STEM experience or skills, accepting mentees who can
participate fully in the STEM content of the program (while offering supplemental instruction and other supports to those screened
out of participation in the program).

Parent(s)/guardian(s) and mentees agree in writing to a one-year (calendar or school) minimum commitment for the mentoring
relationship, or the minimum time commitment that is required by the mentoring program. (B.2.11) And parents(s)/guardian(s) and
mentees agree in writing that mentees participate in face-to-face meetings with their mentors that average a minimum of once a week
and a total of four or more hours per month over the course of the relationship, or at a minimum frequency and number of hours that
are required by the mentoring program. (B.2.12)

» STEM RECOMMENDATION
STEM mentoring programs may want to utilize screening tools to assess whether or not applicants to be mentees can:
> Meet logistical expectations regarding the timing, frequency, and length of match meetings.
» Commit to full participation in all required program activities, especially in programs focused on matches completing longer-term
research projects.
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Justification

As with all mentoring programs for young people, STEM
mentoring programs should put considerable effort into ensuring
that prospective mentors are both safe and suitable for the task
at hand and that youth participants and their families meet
eligibility and participation requirements. Unfortunately, much
of the specific practice that informs screening is largely ignored
in the research literature we reviewed—no studies or reports
mentioned safety practices such as conducting criminal
background checks and only a handful described participant
eligibility requirements'2%4. Similarly, we found no STEM
mentoring studies that tested the effectiveness, or compared
variations, of a specific screening practice. However, there is
information in the research literature, subsequently confirmed
by the project’'s Working Group of STEM practitioners, which
speaks to screening practices that are theoretically important
for screening program participants for suitability.

We do assume that the programs described in the literature are
also engaging in safety-related screening practices, although it
is unclear if programs using university faculty and students or
employees of STEM companies as mentors are doing additional
safety-related screening beyond what is mandated for involve-
ment in those institutions more generally. As noted in the fourth
Edition of the Elements of Effective Practice for Mentoring, we
encourage all programs to conduct relevant criminal record
checks, as well as in-person interviews and reference checks
to ensure that mentors are safe prior to engaging young

people directly through the program. Thus, the recommendations
for STEM mentoring that follow here are primarily focused on
suitability and ensuring that all participants are a good fit for the
program experience.

One of the core challenges of running an effective STEM
mentoring program is ensuring that mentors and youth are put

in positions to form an authentic, mutual, and rewarding
relationship that exists beyond the STEM activities and
academic opportunities provided by the program. Relationships
can sometimes take a back seat to doing hands-on STEM work
in these programs. While many of these relationship concerns
can be addressed by simply building explicit relationship-building
activities and interactions into the design of the program, there
are some screening-related practices that can help facilitate more
meaningful mentoring relationships in the STEM context.

qf STEM MENTORING SUPPLEMENT

As noted in Benchmark B.2.1, all mentoring programs are
encouraged to think carefully about the eligibility criteria for
mentor participation. Going beyond safety-related eligibility
criteria (e.g., passing a background check), many programs
develop eligibility requirements around the life experiences,
skills, personalities, and other characteristics that mentors
bring to the table (for an example of a program that has put
considerable thought into mentor characteristics, see Bowling,
Doyle, Taylor, & Antes, 2015?).

For STEM mentoring programs, several criteria stood out as
being potential “must-haves” in terms of mentors’ ability to build
effective relationships in these types of programs:

» Strong social skills
While most programs seek out adults with STEM expertise
to serve as mentors, the members of our practitioner Working
Group felt strongly that mentors also need to bring at least
adequate relational skills to the mentoring role. Programs
may want to screen out prospective mentors who, while
they may bring STEM content knowledge or connections to
STEM environments to the program, might struggle to form
relationships with the youth and provide the kind of empathy,
trust, guidance, and understanding that we commonly
associate with quality mentoring relationships.

Several programs in our literature review specifically noted
the effort they put into the relationship-fostering components
of their interventions, such as providing matches with “open”
meeting times not focused directly on STEM®, asking about
social skills and the ability to motivate students in positive
ways during the interview process’, and by emphasizing that
the mentoring role is grounded as much in psychosocial and
emotional support as it is in direct STEM work during mentor
training®. This last strategy implies that some relationship
skills can be enhanced via pre-match training, but programs
will want to avoid thinking that STEM expertise alone will
make for a good mentor and screen out participants who don’t
seem right for the more personal and empathetic aspects of
the mentor role.

» A willingness to talk about their personal
journey in STEM
This recommendation was strongly implied in the research
literature as a core strategy in programs designed to
serve girls, youth of color, youth from low socioeconomic
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backgrounds, youth with disabilities, and other groups who
are traditionally underrepresented in STEM higher education
settings and careers. In those programs, having a mentor,
ideally one with a shared background or similar personal
challenges to a STEM career, openly talk with youth about
their experiences and strategies for overcoming systemic and
institutional barriers is one of the key drivers of helping youth
build STEM identity and see STEM careers and something
achievable (i.e., seeing their possible “future self’ in the
mentor). Research on this aspect of STEM mentoring
programs notes that some mentors may not be comfortable
discussing their own struggles to persevere in STEM fields®,
which may limit the effectiveness of their interactions. Each
STEM mentoring program will need to decide for themselves
just how critical this type of self-disclosure and personal
sharing by mentors is to their theory of change and screen
out mentors who are unable to complete this aspect of their
roles and responsibilities accordingly.

The only other recommendation related to B.2.1 is that mentors,
to the degree possible, should be reflective of the population
being served by the program and that screening processes
represent an opportunity for program staff to emphasize
diversity when accepting mentors into the program. Members

of our Working Group were, however, adamant that it was
logistically challenging to match every youth with a STEM mentor
who shares their background, gender, or disability status, and
that there were strong reasons to emphasize other criteria, such
as expertise in specific STEM fields. There were also hints in the
research literature that only selecting mentors who fit a certain
demographic profile can limit the appeal and effectiveness of the
mentoring experience for youth'. But given that so much of the
STEM mentoring field is aimed at addressing issues of systemic
underrepresentation in STEM careers, it only makes sense that
programs consider emphasizing demographic characteristics
when trying to place mentors into limited spaces in the program.
We certainly noted many examples in the literature of programs
explicitly centered on gender", disability’?, and racial barriers'
and how mentees can overcome related challenges, indicating
that maximizing diverse youths’ exposure to diverse mentors is
likely important for effective STEM mentoring. These types of
same-vs-cross-demographic considerations are addressed in
more detail in the following section on Matching and Initiation.

qf STEM MENTORING SUPPLEMENT

Another key consideration in screening mentors, covered in the
main Elements under B.2.6 and B.2.7, is screening out mentors
that are unlikely to be able to meet the minimum participatory
requirements of the program. Many of our Working Group
participants noted that it could be challenging, especially when
working with employees of STEM companies or with students
from colleges and universities, to find mentors who could
consistently meet with their mentee or mentoring group. This
challenge was rarely mentioned in the research literature, but
we know from previous research on mentoring more broadly
that mentors who cannot meet consistently with youth for

the intended duration of the program are unlikely to be

effective and may actually harm youth with their sporadic and
unpredictable engagement'4. Given that many STEM mentoring
programs involve mentors and youth meeting at a location

(e.g., a school or worksite) that requires one or both parties to
travel and perhaps take time away from classroom or work time,
these types of logistical and scheduling-related challenges seem
like predictable obstacles to matches meeting as intended.

At least one program in the research literature noted struggling
with this particular issue, ultimately needing to directly transport
mentors from STEM companies to the school to ensure their
consistent participation'®. Programs will want to emphasize
participation frequency and schedule availability when assessing
whether mentors can effectively fill their role.

It should be noted, however, that STEM mentoring programs
for middle and high school students frequently use college
students in the mentoring role, something cautioned against in
Enhancement E.2.5 of the main Elements. Given that many
successful STEM programs rely on mentors that the literature
suggests can be a challenge getting to adhere to match
expectations, one can infer that there are solutions to these
challenges, such as engaging campus faculty in monitoring
undergraduate mentors’ attendance or having the program itself
provide transportation to groups of student mentors, as noted
in the previous program example. For an example of how one
STEM mentoring program ensures that college students can
meet the expectations of the program, see the case study on
Sea Research Foundation on the next page.
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STEM MENTORING IN ACTION:
Sea Research Foundation

any STEM mentoring programs utilize college students as mentors, but SEA RESEARCH FOUNDATION’S

STEM MENTORING initiative has found that their sites must take special precautions during the screening

process to determine whether a college student can successfully fulfill the expectations of the program. College
students often have large swaths of availability during the day, making them uniquely able to participate in programs that
occur during school or after-school hours; however, their changing schedules and transience means that their availability
may be seasonal and vary across semesters.

To ensure that college students can accommodate the program’s schedule, STEM Mentoring sites discuss timelines and
scheduling as soon as mentors are recruited. Mentors must complete an application and an interview in which they’re asked
about their availability and whether they understand that the program is a year-long commitment. Sites also tell prospective
mentors that matches that end early or without proper closure can negatively impact the young person, so it’s important to
commit to the full mentoring engagement period.

When college students aren’t able to commit to the year-long program because they leave the area for the summer or during
school vacations, STEM Mentoring has several options. Some sites do not accept college students who can’t fulfill the program
requirements. Other sites have chosen to match young people with two mentors, so a second mentor—often a teen mentor—
will be present if the college student leaves for school break. Finally, other sites that are more reliant upon college students
compress their program’s timeline to align with the local college’s academic calendar, so that the full program is completed
over a nine-month period instead of a full calendar year.
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As with mentor screening, Benchmarks B.2.11 and B.2.12
address using screening procedures to ensure that youth

(and their parents) can effectively meet the programs’
expectations around meeting frequency and duration. While few
of the research articles we reviewed directly addressed logistical
and scheduling challenges (only one noted that it would end up
being a major barrier'®), our practitioner Working Group did note
that their programs emphasize the time and travel commitments
of the program to youth and families, screening out youth who
were unlikely to participate at the highest level. Most of this
emphasis on full participation was not inherently born out of
concerns related to fidelity of implementation of the program
model (i.e., ensuring youth are positioned to get the “dosage”

of mentoring the program desired) but rather reflected concerns
about competition for limited program slots. STEM mentoring
programs often have greater demand than they have available
openings and many wanted to ensure those limited slots went to
youth who could fully engage in program activities and maximize
the use of program resources.

Far more common in the research literature were descriptions of
the eligibility criteria programs placed on youth applicants. These
eligibility criteria are generally covered under Benchmark B.2.8
in the main Elements, where the identification of specific eligibility
criteria has largely been left to individual programs to decide what
is appropriate to their services and what they hope to achieve

for young people. In our literature review, we found many articles
and reports detailing extensive eligibility criteria for youth
participants, most of which fell into two categories:

» Criteria around demographic characteristics
of participants
As noted above, many of these programs are structured
rather intentionally around specific groups of young people
underrepresented in STEM fields and their eligibility and
selection criteria often reflected this emphasis. About
two-thirds of the articles we initially reviewed for this
supplement dealt explicitly with strategies or programs to
increase the engagement of underrepresented groups in
STEM higher education and careers. Given this emphasis
in the field, it seems logical that many STEM mentoring
programs would want to prioritize screening in girls and young
women, youth with disabilities, youth of color, or youth from
low-income backgrounds. Given limited spots in these types

qf STEM MENTORING SUPPLEMENT

of programs, this type of emphasis on demographic selection
criteria seems in spirit with the intention of many STEM
mentoring programs.

» Criteria related to mentees’ academic
achievement and readiness for the mentoring
experience being offered
Many STEM mentoring programs in our review noted the
rigorous academic eligibility criteria they placed on program
participants'”81920, Simply put, many of these programs
required students to have demonstrated some mastery or
aptitude for STEM subjects in school and only selected those
who were, in theory, ready to participate fully in the academic
tasks of the program. This was most common in programs
serving high school- or college-age youth, which were often
centered on laboratory internships or other direct, hands-on
research projects requiring a certain level of STEM
proficiency. Many programs noted that their application
process was highly competitive and had lofty criteria for
eligibility in the program.

But other programs approached issues of diversity in STEM
mentoring from a different perspective. Some explicitly sought
out students of color who had exhibited some STEM potential
but whose grades lagged behind their peers in an effort to
support those STEM students who were most likely to leave
their potential untapped?'. Others explicitly sought out youth
who were disengaged from STEM altogether in a last-chance
effort to spark an interest in STEM with older students?.
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What seems critical for STEM mentoring programs is that

they carefully consider the basic level of STEM competence
and skills needed to successfully participate in their program.
The last thing STEM programs need to do is place mentees

in settings that are far beyond their demonstrated skills and
abilities, thus worsening youths’ self-perception of their STEM
competence and identity. On the other hand, focusing only on
students who have shown no or little STEM aptitude or interest
leaves programs with a tougher task and potentially might keep
the best prospects from getting the hands-on, intensive STEM
experiences that research suggests can ensure that high
achievers continue on with their STEM education in the face of
challenges. Ideally, programs would be able to respond to the
needs of youth on multiple levels: both screening out mentees
who may not yet possess the academic qualifications to
participate fully in programs centered on deeper research
experiences, while also referring those youth to additional
tutoring or instruction that can better prepare them for future
program cycles or mentoring opportunities in other settings.
Research suggests?? that helping youth catch up to their
peers via additional tutoring or academic instruction so that
they are positioned for future mentoring opportunities can
increase diversity in STEM education and industries.

As with most screening of mentoring participants, the best thing
STEM mentoring programs can do is think carefully about who
can best benefit from their mentoring services and what skills
mentors and youth need to bring to the table to be successful.
In addition to ensuring the safety of participants, screening
around issues of suitability will help maximize program impact
and the wise use of limited resources.

Hf STEM MENTORING SUPPLEMENT
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Program provides a minimum of two hours of pre-match, in-person, mentor training. (B.3.1)

» STEM RECOMMENDATION
STEM mentoring programs that involve mentors and mentees conducting STEM activities together should require training not only
in how to develop an effective, close mentoring relationship with one or more mentees, but also training on other topics. Because of
the increased training demands on STEM mentors, pre-match mentor training will need to last more than a minimum of two hours.

Program provides pre-match training for mentors on the following topics [see main Elements for full listing of original topics] (B.3.2):

» STEM RECOMMENDATION

STEM mentoring programs often focus their training on the role of being a positive role model to mentees with the goal of building

mentees’ sense of belonging in a STEM field and establishing their scientific identity. Two additional key roles need to be

incorporated into mentor training content.

» Mentors need to be trained to be a connector or advocate for their mentees to connect them to other people, places,
experiences, or opportunities related to STEM.

» Traditional mentor training should be included in STEM mentor training with a focus on the importance of being a trusted,
adult friend to mentees in order to establish a caring, supportive mentoring relationship.

» STEM RECOMMENDATION
Because communal goals may be highly valued by female, first-generation, and racial and ethnic minority students, mentor training
needs to include strategies to highlight communal opportunities in STEM for programs targeting these populations.

» STEM RECOMMENDATION

Because female and minority students frequently encounter negative stereotypes and lower expectations of their intellect and

abilities, additional topics for pre- (or post) match training for mentors in a STEM mentoring program are needed to help mentees

overcome barriers to success in STEM coursework or common challenges experienced when exploring or

entering STEM careers. These topics include:

» Cultural awareness training on negative stereotypes and lower expectations, unconscious biases, and diversity and inclusion;

» Strategies for supporting feelings of self-efficacy and belonging;

» Communicating admiration and respect for mentees;

» Talking with their mentees about traditional barriers to STEM education and STEM careers including race, gender,
socioeconomic status, and disability;

» Teaching and providing feedback on workplace norms and behaviors in ways that are culturally responsive and empowering
for youth; and

» Fostering a growth mindset in youth.

» STEM RECOMMENDATION
Mentors can be trained to help build sustained career interests in STEM by communicating a meaningful passion for their work, as
well as a strong sense of purpose participating in a deeply fulfilling, positive, and meaningful career.

» STEM RECOMMENDATION
Because STEM mentoring programs are often group-based and conducted at program sites, mentor training should address how to

establish a caring, supportive, and individual mentoring relationship with each member of the group.

Program provides pre-match training for the mentor on the following risk management policies that are matched to the program model,
setting, and population served. [See main Elements for full listing of original topics.] (B.3.3)
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» STEM RECOMMENDATION
STEM mentoring programs that include conducting scientific experiments or going on field trips may need to develop risk
management policies and mentor training on these policies to protect the safety of mentees and mentors.

Program uses training practices and materials that are informed by empirical research or are themselves empirically evaluated. (B.3.4)

» STEM RECOMMENDATION
STEM mentoring programs may consider adopting or adapting general or STEM-specific mentor training materials that have been
informed by empirical research or are themselves empirically evaluated.

Program provides additional pre- and post-match mentor training opportunities beyond the two-hour, in-person minimum for a total of
six hours or more. (E.3.1)

» STEM RECOMMENDATION

When STEM mentoring programs have matches conduct STEM activities or experiments together, ongoing mentor training is likely

needed in the following topics:

» Facilitating STEM activities. Training could be conducted in advance of the meeting or just-in-time, and virtually (e.g., online
videos, video or web conferences) or at an in-person, instructor-led workshop.

» How to conduct the program’s STEM activities in a safe and successful way.

» Being cautious about using an overly technical vocabulary with mentees without providing them with definitions or explanations.

» The importance of simplifying explanations and instructions so that they are developmentally appropriate for the target audience
of mentees.

» The scientific method, critical thinking, and continuing problem-solving.

Program provides training for the mentee on the following topics [see main Elements for full listing of original topics] (E.3.4):

» STEM RECOMMENDATION
Because many STEM mentoring programs involve having mentees work in authentic STEM settings or with STEM professionals
serving as mentors, some additional mentee training topics should be addressed that may support a positive mentoring relationship,
but are not necessarily central to being a mentee.

Bioethics in research with human subjects

Professional ethics (licensing, plagiarism, authorship credit)

Coursework prerequisites

Scientific research methods

Career opportunities

Networking skills

VVYyVvVYVYyYVYY

Program provides training for the mentee on the following risk management policies that are matched to the program model, setting,
and population served. [See main Elements for full listing of original topics.] (E.3.5)

» STEM RECOMMENDATION
STEM mentoring programs that include conducting scientific experiments or going on field trips may need to develop risk

management policies and mentee training on these policies to protect the safety of mentees and their mentors.

Program provides training for the parent(s) or guardian(s) (when appropriate) on the following topics [see main Elements for full listing
of original topics] (E.3.6):
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» STEM RECOMMENDATION

STEM mentoring programs provide parents or guardians with training on how they can support and encourage the mission, goals,

and activities of the STEM mentoring program, as well as provide support to the STEM mentoring relationship.

Program provides training for the parent(s) or guardian(s) on the following risk management policies that are matched to the

program model, setting, and population served. [See main Elements for full listing of original topics.] (E.3.7)

» STEM RECOMMENDATION

STEM mentoring programs that include conducting scientific experiments or going on field trips may need to develop risk

management policies and parent or guardian training on these policies to protect the safety of mentees and their mentors.

Justification

Training, both prior to initiating the mentoring relationship

and over time as the relationship evolves, is considered to be
fundamental to mentoring program success. STEM mentoring
programs should adhere to all of the training benchmark
practices described in the Elements of Effective Practice for
Mentoring (4! Ed.). This chapter describes some ways in which
these practices and program enhancements may be most
applicable to STEM mentoring programs. Most of the empirical
research on mentor or mentee training in STEM programs was
conducted with undergraduate student mentees, and some even
with graduate student, postgraduate student, or junior faculty/
employee mentees. The findings from these studies are often
integrated into the recommendations below because they do not
appear to be only relevant to a particular setting or age group.

In addition, some suggestions for program practices were based
upon suggestions from the practice experiences of members of
this project’s Working Group.

Increase the Minimum Duration

of Pre-match Mentor Training

The first training benchmark (B.3.1) addresses the required
minimum duration for pre-match training of mentors and defines
it as being two hours. For STEM mentoring programs, two hours
is not sufficient to address all of the topics needed to establish
the readiness and competency of a STEM mentor. As discussed
later in this section, we recommend a total of at least six hours
of pre- and post-match training combined so that mentors are
prepared for the tasks and activities of the program based on
the following considerations.
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It Takes Time to Train Mentors to Lead

STEM Activities

In general, STEM mentoring programs that include training

in activities and/or a focus on fostering an interest in ongoing
education or building a career in STEM can’t address all of the
topics needed to prepare STEM mentors adequately in only two
hours. For example, one program in our research review offered
a full-day orientation workshop prior to the start of the mentoring
program’. For a real-life example of a program that emphasizes
training mentors to successfully lead STEM experiments and
activities, see the work of Sea Research Foundation on the
next page.

Many STEM Mentoring Programs Involve
Group-Based Mentoring and Curricula

Serving as a mentor to one or more students, while
simultaneously leading STEM activities, can be a challenging
job. When STEM activities require technical expertise, attention
to task, or complex steps, this can take most of your attention.

In these situations, actual mentoring and the establishment of

a mentoring relationship may be diminished. Because of these
challenges, some mentoring programs have moved away from
having volunteer mentors deliver or lead activities, and instead,
utilize their paid staff members in this role?. However, if a STEM
mentoring program does have mentors lead activities, it will take
extra time in training to teach the instructions for completing the
activity in addition to more general mentor training topics.

One training model that programs have tried is to have volunteer
mentors experience the activity first, so they are familiar with

the steps and subject matter, and then, have them lead their
mentees in the activity. This approach may be helpful for
group-based STEM mentoring. It is worth noting that this
curriculum-centered approach is more rigid in that all mentors
and mentees might need to complete the same activities at

the same time.
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Photo courtesy of Sea Research Foundation STEM MENTORING IN ACTION:
Sea Research Foundation

HE STEM MENTORING PROGRAM we run does not require that mentors have expertise in STEM, so an

important component of mentor training covers how to conduct the program’s hands-on STEM activities with mentees.

STEM Mentoring’s initial mentor training focuses on best practices in mentoring, boundaries, communication, and
program structure, as well as information on how to facilitate STEM activities with young people. The mentors get into groups
of five, with four assuming the “mentee” role and one assuming the “mentor” role; the group then conducts an activity
together to help mentors experience what these activities and group dynamics might look and feel like.

Matches conduct new activities every session, so Program Coordinators communicate with mentors beforehand to walk them
through each activity. STEM Mentoring has found that when mentors are oriented to the activities and materials, they are
more confident and better able to concentrate on building and strengthening relationships during the sessions with mentees.
If mentors aren’t busy looking for materials or figuring out technology, they can be more attuned to their group’s needs and
can solve interpersonal issues and answer mentees’ questions as they arise.

Approaches to helping mentors learn activities vary by site. Some sites meet with mentors 15 minutes before each session to
review the day’s activities and materials. Program Coordinators walk mentors through the activity and introduce them to any
needed equipment. This model has worked well, although mentors need to be advised upfront that their weekly commitment
will include an extra 15 minutes for preparation. Other sites conduct a content training with mentors before the start of each
new curriculum module to review the activities for the entire module at once. Some sites find it difficult to convene mentors
for extra sessions, so they instead send instructions and videos virtually through a weekly newsletter. All sites are also provided
with PDFs of the Mentor Guides and links to webinar trainings for each curriculum module that they are encouraged to share
with mentors.
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Other approaches are more individualized, where mentors and
mentees complete activities that reflect the goals and interests
of the mentees. This more individualized approach may better
lend itself to a one-to-one mentoring relationship or small
mentor-to-mentee ratios.

Training Demands, Particularly Those Related

to STEM Activity Instruction, May Be Reduced

if Mentors Are STEM Professionals

Mentoring programs that integrate mentees into pre-existing
STEM activities in educational or research institutions or
workplaces, and that rely on mentors who are already experts
in their field, don’t have the same burden of training mentors in
the instructions for carrying out the STEM content and can focus
mentor training on the development of a mentoring relationship.
In these cases, it may be possible to complete mentor training
in two hours, but more time will likely be needed.

Train STEM Mentors to Build a Scientific
Identity and Commitment to STEM

in Mentees

The second training benchmark (B.3.2) addresses the core
topics for pre-match mentor training. Training topics need to
reflect the main goals of the mentoring program, especially in
how the program is attempting to create or solidify youths’ sense
of STEM identity. There are at least two stages in the typical
mentee’s trajectory to entering a STEM profession. First, as
noted in the Introduction, programs can be designed to pique
students’ interest in learning more about a STEM field and that
make STEM activities seem exciting, rewarding, and interesting.
Mentor training for mentoring youth in these types of programs
might focus on instilling excitement for STEM.

However, once a student has declared an interest in a STEM
major in school or STEM career, then programs may need to
focus more on supporting and sustaining those existing interests,
and less on just generating excitement for STEM. Consistent with
this idea, receiving mentoring has been shown to have a positive
impact on students from groups that are underrepresented in
STEM majors and careers. Unfortunately, these youth are
frequently less likely to receive mentoring than their peers who
are not members of underrepresented groups®. Thus, once
mentees are recruited into mentoring programs, retaining them
in the program and designing it to meet their needs is critically
important.
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There are several key things to consider emphasizing in STEM
mentor training:

Training on Being a STEM Connector or Advocate
STEM mentors need to help connect their mentees to
opportunities, people, and places to support their growth and
development in STEM, as well as to advocate for their mentees
at their institution and other educational or career settings. In fact,
students in groups traditionally underrepresented in STEM will
likely need help locating resources (e.g., financial, informational)
and role models in STEM and should be encouraged to build
both weak and strong ties with others in their field*.

In addition to being a connector, STEM mentors need to
advocate for their mentees. Part of being an advocate is also
socializing mentees into the profession and helping them

with their personal and career development in addition to
exposing them to research skills which can enhance their identity
as a scientist®® and their commitment to a research career’.
Learning about the scientific method, scholarly writing, and
professional behavior with colleagues are all ways that mentors
in STEM can serve as role models, instructors, and advocates
to mentees. For example, women and other underrepresented
groups may benefit more from sponsorship than just mentoring?,
meaning that they may need less advice and more advocacy

to advance in their careers.

Training on Being a Trusted, Adult Friend to Mentees
Many STEM mentoring programs discuss the importance of
training mentors in the STEM-related activities conducted in their
programs; however, STEM mentoring programs acknowledge
that the most important factor related to mentoring success is
the quality of the relationship between the mentor and mentee?®,
which reflects the findings reported in the general literature on
mentoring. Thus, friendship is central to relationship success.

There is a large amount of literature on mentor training in
undergraduate STEM mentoring programs that has many
interesting and relevant implications for K-12 STEM mentoring
programs. Research findings show that when mentors support
students’ personal and career development, as well as learning
research skills, it contributes to strong positive outcomes. In fact,
students’ self-efficacy for conducting research and science
identity were enhanced by close relationships with mentors?®1.12
and participation in research-focused mentoring relationships,
which further contribute to a stronger interest in and commitment
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to having a STEM career™. For example, when faculty showed
concern and were supportive and accessible in the context of
talking about substantive topics (e.g., discussing papers,
projects, and feedback on coursework; assisting on a

research project; and discussing career plans), one study
found academic performance in Latina/o college students was
enhanced'®.

In another example, encouragement and support from mentors
were mentioned by high school students attending a summer
bridge program as one of the most valuable aspects of the
research experience'®. Training on how to provide psychosocial
support through statements of encouragement and by communi-
cating belief in the students’ capacity to be successful in STEM—
while acknowledging and discussing struggles, concerns, and
fears—is particularly important for mentees with a disability'”.
The importance of training mentors on being encouraging and
positive with mentees by using microaffirmations is discussed
later in this section.

Training on Highlighting Communal Goals

and Opportunities in STEM

There are many studies that have examined the career goals of
groups of students who are underrepresented in STEM including
women'®1920.21 ‘minority groups (e.g., Native Americans,
Latinos)?2, students from low socioeconomic backgrounds?+2°,
and first-generation college students?®. Notably, students in all
of these groups are more likely to endorse communal goals of
wanting to help others, the value of interdependence in their
work, and a deep commitment to helping improve the lives of
individuals in their communities than other goals or than their
peers. Many mentees, particularly from underrepresented
groups, are turned off from STEM because they perceive the
work to be lonely or solitary, or that the goals of STEM jobs are
not altruistic or for the common good. This topic was addressed
in the Recruitment Standard, but is also relevant for mentor
training, which can teach mentors to address mentee’s goals
and desired work contexts. Communicating communal goals and
providing communal opportunities in STEM mentoring programs
may enhance interest in a STEM career. For example, in one
study, high school students attending a precollege, summer
mentoring program on electrical engineering had near-peer
mentors who worked closely with them on team projects?,
enabling mentees to experience the collaborative and interactive
nature of STEM projects.
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Additional training topics for building
STEM-related career skills

Training in how to support specific STEM-related career
development activities could be helpful to mentors to provide
structure to their activities and discussions. For example, one
program trained mentors in how to engage mentees in six STEM
activities, such as shadowing the mentor at work or in college;
reviewing the mentee’s high school transcript and developing

a plan for taking STEM courses; and meeting with parents or
guardians to share what mentees were learning in the program?.
Programs may want to consider how they train their mentors to
address career-related topics such as:

Supporting Mentees’ Sense of Competency

Studies have investigated factors that may diminish interest

in STEM education or careers, even among those who have
strong STEM interests. Factors including not having a sense of
belonging or identity in a STEM field as well as not believing that
one can grow and learn challenging material (i.e., not having a
growth mind-set) have been examined in relation to STEM
persistence. Even high achieving STEM students have been
found to be plagued by feelings of self-doubt, low confidence,
and a sense of not belonging in their field, particularly when they
have teachers who pick favorites in their classes from students
who are from more privileged backgrounds®. When students
are aspiring to be in a STEM field, it is important for mentors to
counter these self-critical feelings and communicate that their
mentees are capable and competent, as well as the fact that
they will make meaningful contributions to their field®3'32, For
example, training has been designed to help young professional
STEM mentors develop a close, supportive relationship as well
as foster feelings of competence in science in their college
freshman mentees in Quebec (same age as high school seniors
in the United States)®. By affirming these skills, abilities, and
belonging in science, mentor training focused on research
mentoring of undergraduates has increased both mentors’ and
mentees’ satisfaction in their mentoring relationships3+3°2¢,

Supporting Mentees’ Tolerance for Failure

These attitudes about competency and belonging, while
important, appear to be less important than having low
performance avoidance goals. In other words, working in

a STEM field requires a high tolerance for failure and not
avoiding performance for fear of failure. Scientists can spend
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years designing and executing an experiment or study, and it is
highly possible that it may not work out. Individuals who blame
themselves for failure or lack of significant findings are at risk for
leaving STEM—in other words, the more someone’s sense of
competency or sense of self feels threatened, the greater the
likelihood that they will quit. That is why students not only need
exposure to fun and interesting STEM activities that may be
easy to execute or whose outcomes are well-known, but they
also need exposure to authentic or less predictable STEM
experiences that can enhance research skills, career knowledge,
and research self-efficacy®-%. STEM mentors can be trained to
talk about the research method, normalize failure experiences
(e.g., failed experiments, rejections of grant proposals,
submissions to conferences for presentations, submissions of
journal articles to peer-reviewed journals), and help build fortitude
and stamina for coping with rejection.

Mentors also need the message that it’s alright to let the mentee
fail at something reinforced in their training. Often mentors will
rush to step in and do activities themselves if the mentee is
struggling. But, as noted above, failure is part of learning and
central to the scientific method and mentors need to know when
to back off and allow their mentee to learn through failure in a
growth mind-set perspective.

Providing Mentee’s with Authentic Research
Experiences

Engaging in authentic research projects has many benefits for
career preparation in a STEM field*. For example, in one study,
mentors who showed interest in mentee’s research projects,
appreciated their mentee’s contributions to the projects, offered
constructive feedback, helped mentees to understand how the
mentee’s research activities fit into an overall research project,
and made the mentee feel included in the lab increased mentee’s
self-efficacy and academic outcomes*.

In another example, a report from the U.S. Department of
Education indicated that failure to be engaged with rigorous and
interesting STEM course work during one’s freshman year in
college and the level of success in these STEM courses were
better predictors of switching to another major than many other
factors*'. Thus, mentoring programs designed for students who
have already expressed an interest in STEM may shift their
focus from simple, light activity-based programming to programs
where mentees engage in challenging, high-skill, authentic
STEM activities.
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Cultural Awareness Training to Support
and Encourage Mentees from Groups
That are Traditionally Underrepresented
in STEM Fields

Avoiding and Mitigating Stereotype Threats

Mentors need to understand how stereotype threats can
negatively impact students’ academic functioning*?, as well as
how to manage stereotype threats, to reduce the likelihood that
students from underrepresented groups in STEM misinterpret

or attribute lack of success in research projects to themselves®.
Evaluations of interventions suggest that mentors’ and mentees’
reports of relationship quality can be enhanced with training*44546,
Furthermore, “colorblind mentoring,” where mentors have the
belief that race should not and does not matter, can have a
negative effect on mentee’s development because ignoring race
in STEM will not help equip mentees with knowledge and skills
to address racism in the classroom or workplace*’. Beyond race
and ethnicity, the consequences of stereotype threat are also a
concern in mentoring of youth with disabilities. Mentors in one
study we reviewed reported wanting training in how to talk to
their mentees about disabilities and how having a disability could
impact the student’s career development‘®. Mentees from other
underrepresented groups may also want to address these issues
with their mentors. For example, another study found that women
mentees in underrepresented racial and ethnic minority groups
in science and engineering want to discuss issues of race and
ethnicity with their mentors more than their white peers do*.

One way that mentors can be helpful to traditionally
underrepresented youth is to teach them skills to cope with and
manage the barriers they may encounter entering a STEM field.
However, mentors often come from middle-class backgrounds,
or because of their education or career trajectories have

moved into middle- or upper-class status. The expectations,
perceptions of academic ability, and interpretations of behavior
of white teachers and mentors are often negatively affected
when their protégés are from ethnic and racial groups®°®'.

Thus, mentees may see them as outsiders or not credible
sources of information. Mentors who aren’t from traditionally
underrepresented groups may benefit form additional training to
uncover their own biases and avoid stereotyping their mentees.
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Being Aware of Microaggressions

Microaggressions are subtle assaults, insults, or invalidations
directed at people of color that can be intentional or unintentional
and that may be expressed verbally or nonverbally®2. These often
brief, everyday forms of aggression and discrimination can result
in perceptions of discrimination, which can have an immediate
effect on someone’s mood, self-esteem, and sense of
acceptance and belonging®® as well as more long-term,
debilitating effects on social isolation, mental and physical health,
and academic performance and persistence5+5%%:5_ Mentor
training can help raise their awareness and skills about the ways
that race, class, and gender may effect disparities in STEM
careers, and strategies for mitigating these factors. For example,
heightening mentors’ awareness that their mentees are often

the recipients of racial stereotypes and microaggressions both

in educational and workplace contexts and teaching them to deal
effectively with their own unconscious biases® can help build
their empathy and advocacy skills with their mentees®.

Engaging in Microaffirmations

Some researchers have suggested that engaging in
microaffirmations, small acts to enhance inclusion and support
such as communicating to students that they are “welcome,
visible, and capable of performing well” in school, can be helpful
in positively supporting the academic resilience and persistence
of minority students, particularly in STEM fields®¢'. Mentor
training topics could build upon effective educator training that
focuses on microaffirmation messages including how they can
positively impact student success, support a growth mind-set
and self-efficacy, and promote mentees’ STEM educational

and career opportunities®?.

Providing Feedback in Culturally Sensitive Ways

One of the most valuable things a mentor can do when

orienting a mentee to the STEM world is teach the workplace
norms, behavioral expectations, and other “soft skills” that define
STEM work. However, they also need training to illustrate how to
provide feedback around behavioral and procedural expectations
that doesn’t cause underrepresented youth to feel alienated in
STEM environments. As noted previously, the people who are
defining what professional behavior is in these environments
may not have a shared background or culture with the youth in
the program. They can, albeit inadvertently, say things or correct
behavior that is subjectively unprofessional (like not being
friendly, not participating fully in a meeting, not asking questions)
that may be grounded more in cultural differences than other
reasons. Mentors should note cultural differences and make sure
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that all youth feel welcome in STEM environments, even when
providing feedback about behavioral expectations.

Establishing Trust

Mentors will benefit from learning about issues of cultural
awareness and diversity. Minority youth often feel that they are
the victims of negative stereotypes about the group that they
are a member (“stereotype threat”) and that they may not be
competent in their work despite past success or accomplish-
ments (“imposter syndrome”), which together may contribute to
their lack of persistence in a STEM career. Mentor training in the
importance of and skills for being dependable, trustworthy, and
respectful are fundamental topics for inclusion in all pre-match
mentor training®*®*. However, the interpersonal vulnerability of
students in underrepresented groups makes the trustworthiness
of mentors potentially even more important for establishing a
high-quality mentoring relationship, and supporting the motivation
to pursue STEM majors and careers, than it is for students who
are not members of a racial or ethnic minority group®.

Furthermore, explaining what trust means in this context and
applying it to specific examples can help STEM mentors orient
their behavior in ways that can be most helpful going beyond
simple issues of trust (e.g., being respectful and fair, being

on time, maintaining confidentiality, following through on
commitments). In this context, demonstrating trustworthiness
may include behaviors such as keeping the mentee’s goals and
needs paramount in the relationship; benevolence; affirming the
accomplishments of mentees; and engagement through frequent
supportive academically focused interactions (e.g., discuss ideas
for a paper or research project, assist on research project,
provide constructive feedback on work, discuss career plans)®®.
Finally, interpersonal trust in mentors may not be sufficient to
overcome societal, institutional, or structural barriers to a sense
of belonging and competence. Mentors should be aware of ways
in which their institution may create or sustain environments that
make students in underrepresented groups feel unwelcome or
not included.

Communicating Passion for STEM Work

and a Sense of Purpose

Because of the research on students from groups
underrepresented in STEM endorsing having communal career
goals, STEM mentors need training in communicating their
personal passion for their work, as well as having a strong sense
of purpose. They should not take for granted that mentees know
how mentors feel about their work and it is important for them to
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share the fact that they find their work deeply fulfilling, positive,
and meaningful. In a precollege, summer mentoring program on
electrical engineering for high school students, mentees were
given experience working together as a team on real-world,
hands-on projects related to renewable energy applications,
smart grid technologies, and applications to home-based
energy-efficient appliances®”. One main goal of this program is
to spark students’ creativity and interest in the relevance and
need for young people to enter meaningful and rewarding
careers in power engineering.

Additional Training for

Group Mentoring Programs

When mentors are engaged in a group-mentoring program,
training on group leadership skills will be needed in addition

to core training on mentoring. For example, training on both
interpersonal (e.g., conflict management, identifying strengths
in mentees, meeting facilitation) and intrapersonal (e.g., time
management, stress management, emotion regulation,
adaptability) skills have frequently been implemented by STEM
group-mentoring programs®%°. Mentors in one study reported
they highly valued that the program helped them develop skills to
manage multiple students in a group simultaneously, particularly
when the students varied in their ability levels (Banks, 2010).

Training in topics related to group-based mentoring including
Tuckman'’s stages of group development will help mentors
understand that group cohesion takes time to develop™. Also,
after the polite forming stage of group development, there is
typically the storming stage where the group may experience a
little conflict and limit testing. Group mentors could benefit from
understanding that minor degrees of group conflict after the
forming stage does not necessarily mean that members need
to be moved to another group. In fact, enough time needs to
transpire to allow for the group to move beyond the storming
stage to the norming stage. Thus, in addition to training on the
stages of development of mentoring relationships with an
individual mentee, understanding how to form relationships
and manage the group as a whole will be an important topic
for pre-match training.

Other group mentoring training topics include:

» Training in establishing ground rules for the group including
confidentiality and providing mutual help to one another;

» Recognizing when a group member is being excluded or
left out and strategies for enhancing inclusion of ostracized
members;

qf STEM MENTORING SUPPLEMENT

v

Managing group dynamics to help resolve conflict;

» Establishing roles for groups members that are fluid across
sessions, so that one person doesn’t always serve as the
group leader or secretary or other role and,;

» Supporting activity completion by students who have different

levels of ability.

Furthermore, for STEM mentoring programs that utilize group
mentoring with youth with behavioral challenges, mentors and
staff should be trained to be aware of signs that group members
are having a negative effect on one another”. The iatrogenic
effects of group interventions that include antisocial youth are
well-established and managing the social influence effects of
antisocial youth on their peers is very challenging even for highly
supervised and trained mental health clinicians’. This need is
discussed further in the “Monitoring and Support” section.

Photo courtesy of Sea Research Foundation
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Mentor Training Needs

to Address Lab Safety

The third training benchmark (B.3.3) addresses training mentors
in a mentoring program’s risk management policies. Because
many STEM mentoring programs involve either working in a lab,
conducting authentic or canned scientific experiments, or other
STEM activities, mentors may need additional training in lab
procedures or awareness of being safe and keeping their
mentees safe while completing STEM activities.

Mentoring Programs Should Adopt or
Adapt, and Then Test, Mentor Training
Materials Designed for STEM Mentors

The fourth training benchmark (B.3.4) suggests that mentoring
programs use training materials or programs that have been
empirically evaluated or that are informed by research in their
content. Several curricula have been used in STEM mentoring
programs and some have been empirically evaluated. One thing
to note is that most STEM mentor training programs have been
developed for use with the mentors of undergraduate students for
increasing retention in a STEM major or with the mentors or
junior faculty. Thus, the mentor training programs described below
may inform the development or evaluation of K-12 STEM mentor
training programs, but will likely need to be adapted or modified
for use with mentors volunteering with a younger age group.

A well-established mentor training program, Entering Mentoring,
was developed at the University of Wisconsin-Madison as a
workshop series for developing skills in mentors and preparing
them to participate in effective mentoring relationships™7.
Topics covered include communication skills, aligning
expectations, assessing understanding, addressing diversity,
fostering independence, promoting professional development,
and articulating a mentoring philosophy and plan. Notably, this
program has mentors reflect on “how their own work habits,
cognitive styles, attitudes, gender, ethnicity, physical ability,
educational background, and nationality differ from that of their
mentees and complements readings on stereotypes and
unconscious prejudices,” and furthermore, how to overcome
cultural biases (p. 473)7°. Mentors rated the training as being
highly useful and interesting. In addition, trained mentors
reported discussing student’s expectations of the mentor,
considering diversity, and asking for advice when faced with

a challenge with their mentee more than untrained mentors?.
Furthermore, mentees reported that trained mentors were
more available to and interested in them and gave them more
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independence”. An adapted version of this program has been
evaluated in a randomized controlled trial conducted at 16
academic health centers across the United States. Trained
mentors reported that their mentoring skills levels were higher
than untrained mentors, particularly in their competencies related
to communications, expectations, and professional development,
and these gains in mentoring skills were also retrospectively
reported by mentees of trained mentors™®7°,

Alignment of expectations is a key goal for mentoring
relationships® and one of the competencies for which mentors
in their training report the highest gains. Training on expectations
as well as practical matters and basic topics related to being an
effective mentor was also a central part of a three-hour training
program for volunteers mentoring Native American and Hispanic
elementary and middle school students?'.

Another training program, Mentoring for Mentors, lasts two

days and is designed for preparing mid-level and senior HIV
researchers to learn to be effective leaders and mentors to early
stage investigators from underrepresented ethnic and racial
minority groups®2. Mentors reported an increase in self-efficacy
related to their mentoring skills as well as greater awareness

of the microaggressions and unconscious bias experienced by
mentees in underrepresented groups.

A more comprehensive curriculum, informed by research,

was developed for use with undergraduate student STEM
Ambassadors, who served as informal, near-peer mentors to
other undergraduate STEM students®®. The training addressed
an extensive array of topics related to leadership, teamwork,

and professionalism in STEM (e.g., stress and time management,
sustaining motivation, dealing with personality differences in the
workplace, personal accountability, and creative problem-
solving).

Another comprehensive curriculum was developed by Dow
Chemical Company and Women in Engineering ProActive
Network (WEPAN) that includes general mentoring topics, such
as the need for training; goals; benefits to, expectations of, and
responsibilities of mentor and mentees; types of relationships;
challenges related to stereotypes, biases, and discrimination;
navigating both cross-gender and cross-racial mentoring
relationships; resources and where to go for help; faculty as
mentors and how mentoring is different than advising; and
interpersonal communications skills for use in undergraduate
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mentoring programs84. Despite the fact that this curriculum was
developed for college students, it has also been used in STEM
mentoring programs conducted in community colleges, high
schools, corporations, nonprofit organizations, and state public
agencies.

STEM Mentors May Need Supplemental Pre- and
Post-match Training Around Communication Skills
The first Training Enhancement (E.3.1) suggests that mentors
may need additional pre- or post-match training. In the case

of STEM mentoring, we recommend training specifically on
communication skills that will facilitate close and mutual
mentoring relationships, although this may vary based on who is
serving in the mentoring role. If mentors do not have training or
education in STEM, but are enthusiastic about the topic and want
to inspire youth to engage in STEM, then they will need training
in how to lead STEM activities and do the “science” aspects of
the program in an effective way. A range of competencies have
been identified that are needed to be able to effectively lead
STEM activities with communication skills being the most
frequently identified competency for volunteers, followed by
organization, planning, subject matter, and other group
leadership skills®. Mentors who are not STEM experts, could

be so unfamiliar with the activities being conducted that their lack
of knowledge and skills could interfere with their being able to
focus on getting to know their mentee(s) and their mentoring
relationship development. In fact, one program reported that
mentees and mentors began quitting the program when mentors
weren’t sufficiently competent in leading STEM activities®.
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On the other hand, mentors who are STEM professionals are
likely used to talking about their work with their peers using a
highly technical and specific vocabulary. This expertise could be
a barrier to relationship development. In fact, much work in STEM
is based on a deep body of knowledge and skills that aren’t
always understandable to a layperson—especially to a young
student. Some mentors who are STEM professionals report
worrying about communicating with their mentees about STEM
and being understandable (e.g., to middle-school girl mentees)?.
These mentors may need training in communication skills about
discussing their work or communicating instructions in clear,
simple language to their mentees.

The scientific method is defined by hypothesis generation and
hypothesis testing. Following the scientific method requires being
able to think logically and critically, suspend judgment, brain-
storm, let data lead, and continuously problem solve, often with
others. Thus, mentors need training in how to train, apply,
develop, and support these cognitive skills in mentees. One
program in our literature search trains mentor and mentees in
how to brainstorm with a team of other peers and engage in
interactive problem-solving to solve complex engineering
problems?®®,

For another example on how a leading STEM mentoring program
trains mentors both before and after the match in a variety of
critical topics, please see the next page on Genentech’s
Futurelab program.

52



STANDARDS OF PRACTICE Training

~

T

r

!' Photo courtesy of Genentech |uuss ~ STEM MENTORING IN ACTION:

Genentech’'s Futurelab Initiative

ENENTECH’S FUTURELAB INITIATIVE offers all employee mentors extensive training and professional

development opportunities throughout the mentors’ engagement with Futurelab. Futurelab’s first touchpoint with

mentors is a 90-minute orientation led by a Futurelab staff member. Mentors are given an overview of the program,
including what the mentor role is; what the time commitment looks like; what’s expected of mentors in terms of preparation,
collaboration, and meeting with co-mentors; attending booster trainings throughout the academic year; and what an ideal
engagement looks like with students. The Futurelab team offers a recap of detailed expectations mentors can access
throughout the year.

The second component of the orientation is an interactive experience where mentors can hone their relationship-building skills,
practice addressing STEM concepts in an age-appropriate manner, and then regroup to discuss and reflect on lessons learned.
Mentors are given different situations that commonly arise during mentoring relationships and are asked to practice their
responses and reactions. Situations vary from students being discouraged because they’re not yet succeeding at designing an
effective egg drop vessel, to mentors translating complex STEM concepts into language students of all ages and backgrounds
will understand.

The orientation closes with a panel discussion in which teachers and former mentors answer frequently asked questions. This
can be anything from what to do if a student doesn’t engage, to who to approach when a mentor doesn’t understand an aspect
of common core math. These interactive activities give mentors a powerful opportunity to prepare for their role by facing
real-life situations and discussing questions that may arise in their mentoring relationships.

In 2017, Futurelab piloted booster training opportunities for volunteers. For this pilot, Futurelab partnered with EnCorps STEM
Teachers Program—a nonprofit that helps STEM professionals transition careers into teaching in high needs schools—to
envision and develop one booster session on Unconscious Bias in the fall and another on Growth Mind-set in the spring. These
booster trainings are designed to deepen mentors’ engagement with students and enhance their own professional and skills
development, delivered by Genentech’s Futurelab program team with support from Genentech’s Human Resources and
EnCorps STEM Teachers Program.
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Wifllands Mentoring Partnership

The following examples from our literature review provide further
ideas around the types of mentee training topics that practitioners
in STEM mentoring contexts may consider:

Mentees Need Training Specific to

STEM Activities and Careers to be Safe,
Credible, and Effective in the Lab,
Workplace, or Program

The fourth Training Enhancement (E.3.4) suggests that it is also
important to provide pre-match training to mentees. In the case
of STEM mentoring programs, there are specific topics related
to STEM careers or professions that are important in helping

to establish a positive relationship with a STEM mentor. Many
STEM mentoring programs have discussed the importance of
training of mentees and in fact, one review paper discussed a
variety of different training models to use with high school STEM
mentees including workshops or even weekly instruction®. One
precollege, summer mentoring program for 11th and 12th grade
high school students interested in electrical engineering included
mentee training on professional ethics, societies, licensing, and
written communication skills®. In another example involving a
medical mentoring program for high school students focused on
exposure to the healthcare profession, they conducted parallel
mentor-mentee training in an academic hospital setting® on
topics such as prerequisite classes needed for attending medical
school and career opportunities in healthcare.
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» An intensive, small summer program for disadvantaged high

school students interested in STEM involved working in
research labs with a doctoral or postdoctoral mentor®2.

In order to be prepared to work with mentors in an authentic
research setting, mentees received extensive training on

the professional attitudes, skills, and behaviors essential for
being successful in a research lab, such as the importance of
organization, time management, meeting deadlines, following
directions, problem-solving, interpersonal communication,
and teamwork. Training also included learning about the
science behind the research projects in the lab. More
importantly, students received training in how to think critically
as well as how to design and conduct experiments. Students
in this program performing significantly below grade level in
reading and math at the inception of the program; hence,
there was extensive academic training in writing and math

to help the students function adequately in the lab. Given

the small size of the program, a formal, empirical evaluation
was not conducted; however, the majority of the students
improved their scientific writing skills and all students reported
feeling more confident and competent in writing, a key skill
for the STEM workplace. Follow-up results indicated that all

54



STANDARDS OF PRACTICE

Training

of the students are attending college or planning to attend
college, and 60 percent are planning to major in a STEM field.

» Aresidential summer science program for high school girls
offering engagement in faculty-mentored research projects
includes training in career exploration and college
admissions counseling®®. Training topics in the research
immersion experience cover scientific methods, how to do
literature reviews, experimental techniques, data analysis,
statistics, and presentation skills. Topics in the career
exploration training include exposure to a wide range of
STEM careers. Training in the college admissions process
included information on required coursework, standardized
testing, how to search and apply to colleges, essay writing,
and mock interviews.

» Another mentee training curriculum was developed for the
PROmoting Geoscience Research, Education, and SuccesS
(PROGRESS) mentoring program®, based on workshops
developed for the Earth Science Women’s Network
(ESWN)®5%¢, Weekend workshops were held for
undergraduate women STEM majors who were mentees in
the PROGRESS program. In this curriculum, mentees were
trained in taking a larger role in establishing their own natural
mentoring relationships in addition to the assigned mentors
they received as part of the program. This perspective is
consistent with the idea that science is a collaborative
endeavor and that mentees have diverse needs that can
best be met by information relationships with a community
of mentors®. Topics included assessing their networks of
mentoring relationships; developing skills in initiating and
maintaining relationships with mentors, such as clarifying
and managing expectations; and common challenges that
women face in STEM undergraduate education to help them
cope with gender bias. In addition, students were provided
access to a network of potential mentors who were both on
and off campus including female role models who had diverse
careers in the earth and environmental sciences. Although
the training curriculum was not evaluated independent of the
mentoring program, the mentoring program was evaluated
using a design that included propensity score matching of
the intervention group with a similar sample of female STEM
students who did not participate in the mentoring program.
Among many positive outcomes associated with participation
in the program including increased scientific identity,
persistence intentions, and deep interest in earth and
environmental sciences, mentored students in the program
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reported having more mentors than students who were not in
the program, suggesting that this training approach enhanced
students’ social capital.

» High school graduates who attended a summer bridge
STEM mentoring program participated in a hands-on
research internship where they attended an orientation
meeting introducing them to the program, followed by
supplemental group learning activities on topics such as the
responsible conduct of research, how to conduct scientific
literature reviews, preparing oral and poster presentations,
careers in STEM, and networking skills®.

» Another mentee training program, Entering Research,
developed at the University of Wisconsin, helped
undergraduate and graduate STEM students prepare for
participating in effective mentoring relationships®1%°
and taught them how to take a more active role in their
relationships with mentors'. Topics included in the training
mirror those developed for general mentor training, including
communication skills, the importance of aligning expectations,
assessing understanding, addressing diversity, fostering
independence, promoting professional development, and
articulating a mentoring philosophy and plan. Students
completed self-ratings of how their scientific confidence,
skill, and knowledge increased from completing the training
and mentored research experience, and more importantly,
reported that the seminar guided them through the process
and helped them to find mentors'®2.

Mentees Also Need Training to be Safe

in Executing STEM Activities or Being in
STEM Settings

The fifth Training Enhancement (E.3.5) suggests STEM
mentoring programs that involve mentees completing STEM
activities or conducting research in a STEM laboratory need to
provide mentees with training on lab safety. For example, in a
summer STEM mentoring program in basic science departments
at a medical school, students completed a biosafety training
course to be aware of laboratory hazards and how to stay safe
in that setting'®.
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Parents or Guardians Need Training to
Support the Mission and Goals of the

STEM Program

The sixth Training Enhancement (E.3.6) suggests that STEM
mentoring programs should provide orientation or training to
parent(s) or guardian(s) of children participating in the program.
Parental emotional and instrumental support, as well as
parental encouragement are considered to be critical for
sustaining students’ interest and commitment to a STEM career.
Because of the central role of parents in supporting mentoring
relationships, as well as their critical role related to sustaining
interest in STEM, parent engagement and training may enhance

the short- and long-term impacts of STEM mentoring programs®.

Sometimes engagement involves direct parent training focused
more on the instrumental aspects of the program or having
parents attend capstone events. For example, in one program,
parents were engaged as both stakeholders and judges giving
constructive feedback in a closing ceremony at a precollege
summer mentoring program for 11th and 12th grade high school
students interested in electrical engineering'®. In other programs,
parental engagement may focus on how parents can support the
mentoring relationship or further enhance STEM learning by
their child.
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A key theme in a STEM mentoring program with high school
students with a disability was parent involvement'®. Parents
reported that the mentoring experience benefited their children
in many ways including increasing students’ knowledge of STEM
careers; goals for and confidence in pursuing STEM; and
involvement in career development activities. Interviews with
parents, mentors, and mentees revealed the active role that
parents played in supporting their children in the mentoring
program from helping with STEM activities to debriefing with
matches after activities were completed. In fact, many parents
were motivated to do more and wanted to support their teens in
both the skills they were learning and in their career planning.
By having parents openly demonstrate appreciation for the
mentor’s role in their child’s life, both mentors and mentees
were more engaged and felt more supported in their matches.

Parents or Guardians Need to be Aware

of Risks and Strategies for Keeping Their
Children Safe in Executing STEM Activities
or Being in STEM Settings

The seventh Training Enhancement (E.3.7) suggests that STEM
mentoring programs that involve mentees completing STEM
activities or conducting research in a STEM laboratory should
provide parents or guardians with training on the risks associated
with their child participating in the STEM activities. In addition,

if parents receive training on lab safety procedures, they can
reinforce and support safety policies and procedures with their
children.
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STANDARDS OF PRACTICE

Matching and Initiation

Program considers the characteristics of the mentor(s) and mentee(s) (e.g., interests, proximity; availability; age; gender; race;
ethnicity; personality; expressed preferences of mentor, mentee, and parent or guardian; goals; strengths; previous experiences)

when making matches. (B.4.1)

» STEM RECOMMENDATION

Based on the goals and target population of the mentoring program, the STEM-specific interests, STEM knowledge,
and STEM backgrounds of both mentors and mentees should be taken into consideration when making matches.

» STEM RECOMMENDATION

» Mentoring programs that involve matches working together on long-term or technical projects should prioritize the expressed

preferences of the mentor or mentee when making matches.

» Mentoring programs that create mentoring relationships involving one or more mentors and multiple mentees should

take into consideration the group dynamics when making matches. (B.4.5 STEM)

» Mentoring programs that create mentoring relationships involving one or more mentors and multiple mentees should

consider having a trial period for all group matches that allows for the opportunity to make changes to the group membership,

as needed. (E.4.7 STEM)

Justification

Formally matching mentors and mentees is often considered
more art than science, with mentoring program practitioners
relying on their intuition, as well as logistical, and background
characteristics of the mentor and mentee to guide the match-
ing process. This is due, in part, to the overall lack of research
examining the matching process in the mentoring field. Similarly,
there is a lack of empirical research focused on STEM mento-
ring programs to guide recommendations for specific practices
for creating matches. Thus, the following recommendations are
extensions of practices important for all mentoring programs
included in the Elements of Effective Practice for Mentoring,
4th edition, as well as some additional considerations for

matching when the program utilizes a group mentoring approach.

Characteristics to Consider When Making Matches
Perceived similarity between mentor and mentee, which could
include dimensions such as demographics, background,
personality, as well as interests, has been associated with
perceptions of mentoring relationship quality’? and thus these
characteristics should be considered when making matches
between mentors and mentees. Matching based on common
interests, including STEM-specific interests, has been
recommended for STEM mentoring programs based on findings
suggesting that when mentoring programs match mentors and
mentees with similar interests, the programs have a stronger

H B STEM MENTORING SUPPLEMENT

impact on youth outcomes?. This is also common practice among
mentoring programs, generally*.

There are many dimensions of interests that can be considered
when making matches, including hobbies, sports, movies, school
subjects, movies, and music. STEM-specific interests may
include interests regarding a specific STEM field (e.g., biology,
climate science, astronomy, chemistry) or interest in learning
specific STEM skills (e.g., computer programming, robotics,
laboratory skills). There are no empirical studies that have
specifically examined the impact of matching on STEM interests
on mentoring relationship quality or youth outcomes, but this
practice is mentioned as a matching criteria in evaluation studies
of individual mentoring programs®. The prioritization of a
mentee's STEM interests, STEM knowledge, and STEM
background when making matches will depend on the goals and
target population of the program. For instance, the prioritization
of STEM specific interests may be more important for older
mentees who have thought about their career goals and are
beginning to prepare for post-secondary education. In addition
to STEM specific interests, STEM knowledge and background
may be particularly relevant when making matches in programs
where mentors and mentees will be working together on projects
that require specific skills. For example, matching a mentee with
a mentor who will be working together on a biology project may
require that the mentee have knowledge and proficiency in how
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Matching and Initiation

to use a microscope in order to meaningfully contribute to the
shared project.

Alternatively, some programs may intentionally match youth
across different areas of STEM interest—such as pairing a
student who is interested in chemistry with an engineer—to
broaden the youth’s exposure to other scientific disciplines they
may not have considered. This may be particularly important for
girls as they often steer away from male-dominated fields such
as engineering or computer science, but may be encouraged to
consider those fields based on exposure to mentors. Regardless
of whether a program does same- or cross-discipline matching,
information about mentees’ STEM specific interests, knowl-
edge, and background should be obtained during the screening
process so this information can inform matching decisions (see
the “Screening” section for a more detailed discussion of how to
screen for the requisite skills in STEM mentoring programs).

Considering mentee and mentor demographic characteristics
such as gender, race, ethnicity, and disability status when
making matches is included in Benchmark practice B.4.1. of
the Elements of Effective Practice for Mentoring, 4th edition.
Research comparing mentoring relationship and mentee
outcomes for same gender, race, or ethnicity matches vs.
cross-gender, race, or ethnicity matches has found few, if any
differences between these matches®’8. Similar effects have been
noted in research on STEM mentoring programs. For example,
when comparing STEM outcomes (e.g., STEM-related
knowledge, engagement, confidence, and career planning)
following participation in a STEM mentoring program for high
school students with disabilities, there were no differences in
outcomes when comparing mentees who had a mentor with

a disability and mentees whose mentor did not have a
disability®. In another evaluation of a STEM mentoring program
for African-American STEM undergraduates, mentee-perceived
similarity with their mentor was more important for perceptions
of mentoring relationship quality than gender or racial
similarity'®. Relationship quality was, in turn, associated with
greater feelings of commitment to a STEM-career by mentees™.
These findings suggest that factors other than matching on
demographic characteristics alone may be more important for
creating close, effective mentoring relationships in STEM
mentoring programs.

While matching based on demographics may not be necessary

for many STEM mentoring programs, the prioritization of
demographic characteristics when matching could be important

H‘a STEM MENTORING SUPPLEMENT

based on the goals and target population of the program. For
example, if a mentoring program has a specific goal of providing
mentees who are traditionally underrepresented in STEM fields
with a mentor who can help the mentee prepare for and navigate
the potential challenges of pursuing a STEM career that are
associated with their demographic characteristics, then relevant
characteristics should be given greater weight when making
matching decisions. Anecdotally, Black doctoral engineering
students reported that having faculty and administrators who
are similar to them serves as an example of what they could
achieve and that having a faculty mentor with a similar racial
identity enhanced the mentoring relationship'2. Additionally,
mentees in a STEM mentoring program for high school students
with a disability reported that having a mentor with a similar
disability was important to them and was more likely to lead to
discussions with their mentor about navigating the additional
challenges associated with having a disability when pursuing
STEM careers and education™.

In addition to the goals and target population of the STEM
mentoring program, the expressed preferences of mentees
regarding the background and characteristics of their mentor
appears to be an important factor for determining how much
weight to give characteristics such as race, ethnicity, gender,

or social class when making matches. For example, college
students in an online STEM mentoring program reported that it
was important to them to have a mentor who was similar to them
in terms of gender and race, this was especially true for women
and students of color™. When students had a mentor similar to
them in terms of race or gender, they reported that they received
more help; however, mentees matched with a mentor of similar
gender or race did not have better academic outcomes when
compared to mentees whose mentor was not similar to them

in race or gender's. In another study, mentees in a STEM
mentoring program who reported that it was important to them
to have a mentor with a similar background (i.e., similar ethnicity,
gender, or social class) and reported they received mentoring
through the program from one or more mentors who shared their
background, demonstrated increased feelings of belonging and
identity as a science student.

Mentor preferences may be particularly important to consider in

programs in which matches work together on a specific research
project. Mentors who will be formally supervising mentees in
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STEM MENTORING IN ACTION:
New York City Science Mentoring Consortium

HE NEW YORK CITY SCIENCE RESEARCH MENTORING CONSORTIUM is a group of

academic, research, and cultural institutions that place NYC high school students in laboratories and other

authentic STEM environments for mentored research experiences. Mentees are embedded in the mentor’s workplace
and contribute to real research projects, so it’s especially important that matches are made with care and finesse. Mentors must
feel confident in how a mentee’s work ethic, strengths, and personality will integrate into the already-existing team dynamic,
and mentees must feel comfortable with the research they’ll be contributing to and the lab environment they’ll be entering.

Many programs within the Consortium facilitate a pre-match meeting so that mentors and mentees can familiarize themselves
with each other and help inform the matching process. Programs do this in a variety of ways—some programs host a casual
networking event, where mentors and mentees can mingle to learn about each other’s work and interests. Other programs
host a more structured event—especially when it’s a larger program with many students and labs—where mentees receive
descriptions of each lab beforehand and identify several they’d like to meet during the event. The mentees rotate around the
room and briefly meet mentors from each of their selections. Mentors and mentees use these events to consider who they’d like
to be matched with. Mentors’ notes may include reflections about whether the mentee expressed interest in a specific research
project, whether the mentee would fit into the lab’s culture (e.g., a loquacious student may not fit in well with a quiet lab), and
whether the mentee seemed to understand the lab’s project. Mentees are occasionally asked to continue working in the lab
after the program concludes, so mentors want to select and invest in mentees who have the potential to contribute to the lab
long-term. This initial meeting also gives mentors an opportunity to set realistic expectations for the mentoring experience.
Science sometimes requires repetitive work, and mentors want to accurately convey the internship experience so mentees
don’t select opportunities they’re not truly interested in.

After mentors and mentees meet, both share their notes and preferences with the Program Coordinator. The Program
Coordinator considers this input, along with applications, interviews, and required coursework, when making the match.
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completing a project may even specify a set of criteria for type
of mentee who would be best suited to work on the project,

or they may be involved in the matching process by reviewing
potential mentees and ranking their preferences based on
information about the mentee provided by the mentoring
program (e.g., STEM interests, knowledge, and skills).

For a real-life example of a STEM mentoring program that gives
mentors and mentees a chance to meet each other and see

if there is alignment of interests and personalities, see the
previous page about the work of the New York City Science
Research Mentoring Consortium.

Whether mentoring programs decide to prioritize matching based
on interests, demographics, expressed preferences, or other
similarities, the goals and target population of the program should
inform these decisions and matching must be done in a thought-
ful, intentional manner, following established procedures, and
informed by information gathered during the screening process.

The consideration of mentoring relationships among one or more
mentors and multiple mentees, referred to as group mentoring,
has not been included in the previous version of the Elements
and thus there are currently no benchmarks or enhancements
specific to this type of mentoring. Based on a review of the
literature' 8% and consultation with the Working Group of

STEM practitioners, it is clear that group mentoring is frequently
utilized in STEM mentoring programs. There are currently no
empirical studies examining specific matching practices for group
mentoring programs; however, the concept of group cohesion
has been proposed as an important factor in contributing to

the success of group mentoring relationships?. For group
mentoring programs, the complimentary and competing
personalities, interests, backgrounds, goals, skills, knowledge,
strengths, and previous experiences of the individuals within

the group create additional layers of complexity when making
matches. Program staff must take into consideration mentor-
to-group, mentee-to-mentee, and possibly mentor-to-mentor
dynamics.

Within the child and adolescent group psychotherapy literatures,

one concern has been the possibility that grouping individuals
with behavioral problems together can contribute to even more
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deviant behavior?'—meaning programs that utilize a group
mentoring approach and that work with youth who have
behavioral problems should carefully consider how to group
these individuals together when making matches. For instance,
limiting the number of individuals within a group with externalizing
behavior problems can reduce the likelihood of contributing to
negative outcomes among group members?. The skills, training,
and experience of the mentor in managing group dynamics will
also be important when making group matches, particularly if
the group includes mentees with known behavioral challenges.
See the “Training” section for additional details.

Finally, given the complexity of making group matches,

it has been suggested that mentoring programs using a group
approach should consider having a brief trial period at the
beginning of the program during which mentoring program
leaders can observe the groups, obtain feedback from group
members, and make adjustments in order create the most
optimal group composition. If programs choose to take this
approach, it must be done thoughtfully. Before making groups,

it must be communicated to all program participants that there
will be a set amount of time at the beginning of the program

that will allow for everyone to get to know one another and that
changes to the groups might be made based on expressed
preferences and interests of the participants. Both mentors and
mentees should be privately asked about their feelings of comfort
with their group and whether their group assignment is meeting
their needs and goals. If group assignments are modified at the
beginning of the program, program staff must ensure that this

is done in a way that is sensitive to the feelings of all the group
members in order to avoid feelings of shame at being singled out
and moved to a different group, regardless of the reasons for this
decision. For a real-life example of this kind of “trial run” group
matching in action, please see the case study on the next page
on the approach of Sea Research Foundation.

Creating matches in STEM mentoring programs requires a

few additional considerations and the extent to which these
recommendations are relevant to a specific program will depend,
in part, on the goals and target population. Following these
evidence- and practice-based recommendations for matching
are expected to help improve the likelihood of creating close

and enduring mentoring relationships.
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STEM MENTORING IN ACTION:
Sea Research Foundation

; oUItesy of Sea Resedrch Foundation

TEM MENTORING is a group mentoring program that matches mentors with four mentees each. In the first years

of the program, Program Coordinators occasionally reported having difficulty creating flourishing and long-lasting

matches that engaged all participants; sometimes the five different personalities wouldn’t complement each other as
intended, but rather would create unexpected group dynamics that left mentees feeling more frustrated than excited. Program
Coordinators would do their best to use the STEM Mentoring applications, interviews, and their own intuition to create groups
that worked on paper, but they didn’t always translate well to real life. Once groups were established, mentors and mentees
would complete three modules together that each lasted 8-12 weeks. Program Coordinators were often reluctant to modify
groups midway through the program because putting mentees into new groups could disrupt the dynamics, relationships, and
routine of multiple groups—that is, any groups that mentees moved from along with the groups they moved to would have to
reestablish group norms.

For the reasons above, STEM Mentoring decided to develop a new curriculum to assist Program Coordinators in “testing the
matches” before solidifying groups for the program’s duration. The curriculum consists of a four-week mini-module that takes
place before the first full-length module begins. Program Coordinators create groups for this mini-module with the expectation
that participants may shift and reconfigure before the formal program begins. If groups work well, they can remain together for
the remaining three modules; however, if negative group dynamics distract participants from the STEM activities and/or impede
positive relationship building among mentees and their mentors, the Program Coordinator can reconfigure the groups before
the first full-length module begins. The mini-module is long enough that groups have a good chance to work through issues
and find their momentum, but not so long that group members have to spend too much time in matches that may not be ideal.

After the mini-module concludes, Program Coordinators assess how the groups collaborated and have the opportunity to
reconfigure the groups, if necessary. Program Coordinators may find that a mentor needs to be reassigned to a less
rambunctious group, or that a mentee needs to be with a group that challenges her more. STEM Mentoring hopes that having
a designated time to make these changes will set appropriate expectations for the groups’ duration and prepare mentors and
mentees for successful long-term matches.
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Monitoring and Support

At each mentor monitoring contact, program staff should ask
mentors about mentoring activities, mentee outcomes, child
safety issues, the quality of the mentoring relationship, and
the impact of mentoring on the mentor and mentee using a
standardized procedure. (B.5.2)

» STEM RECOMMENDATION
When the mentoring program includes structured STEM
activities, program staff should ask about the mentor’s
experience in completing the activities with his or her
mentee(s) during the mentor monitoring contact.

» STEM RECOMMENDATION
When the mentoring program has goals that include
influencing mentees’ attitudes, beliefs, skills, and plans
regarding STEM, mentoring program staff should ask
mentors about these outcomes during the mentor
monitoring contact.

At each mentee monitoring contact, program staff should ask
mentees about mentoring activities, mentee outcomes, child
safety issues, the quality of the mentoring relationship, and
the impact of mentoring on the mentor and mentee using a
standardized procedure. (B.5.3)

» STEM RECOMMENDATION
When the mentoring program includes structured STEM
activities, program staff should ask about the mentee’s
experience in completing the activities with his or her
mentor(s) during the mentee monitoring contact.

» STEM RECOMMENDATION
When the mentoring program has goals that include
influencing mentees’ attitudes, beliefs, skills, and plans
regarding STEM, mentoring program staff should ask
mentees about these outcomes during the mentee
monitoring contact.

At each monitoring contact with a responsible adult in the
mentee’s life, program asks about mentoring activities,
mentee outcomes, child safety issues, the quality of the
mentoring relationship, and the impact of mentoring on the
mentor and mentee using a standardized procedure. (B.5.6)

» STEM RECOMMENDATION
When the mentoring program has goals that include
influencing mentees’ attitudes, beliefs, skills, and plans
regarding STEM, mentoring program staff should ask

H P STEM MENTORING SUPPLEMENT

the responsible adult about these outcomes during the
monitoring contact.

Program provides mentors with access to relevant resources
(e.g., expert advice from program staff or others, publications,
Web-based resources, experienced mentors) to help mentors
address challenges in their mentoring relationships as they arise.
(B.5.9)

» STEM RECOMMENDATION
When the program includes structured STEM activities,
mentors should be given access to resources that will help
them complete these activities with their mentee(s) and
deepen their knowledge about these activities.

» STEM RECOMMENDATION
Mentors should be given access to resources to help
foster mentees’ identity as a STEM student or employee,
and sense of belonging in a STEM field.

Program provides mentees and parents or guardians with
access or referrals to relevant resources (e.g., expert advice
from program staff or others, publications, Web-based resources,
available social service referrals) to help families address needs
and challenges as they arise. (B.5.10)

» STEM RECOMMENDATION
Programs should provide access to STEM-related resources
and referrals for needs and challenges of mentees and
families that are beyond the scope and services of the
mentoring program.

Program provides one or more opportunities per year for
post-match mentor training. (B.5.11)

» STEM RECOMMENDATION
Mentors should receive training on how to help foster
mentees’ STEM-related self-efficacy, identity, and belonging.

» STEM RECOMMENDATION
Mentors should receive ongoing training on how to help
mentees prepare for marginalizing experiences they may
face in pursuing STEM education and careers.

When mentoring activities take place in the presence of
mentoring program staff, program staff should provide real-time
monitoring and support of mentoring activities and group
dynamics to help support mentors and mentees in completing
STEM activities and help mentors manage the dynamics of their
mentoring relationship(s). (B.5.13 STEM)
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Justification

Once matches are created and established, the main task of
mentoring program staff becomes monitoring and supporting
matches as they begin the process of getting to know one
another and developing their relationship. High-quality
monitoring and support practices help prevent premature closure
of mentoring relationships and promote higher quality mentoring
relationships. STEM mentoring programs should adhere to all of
the monitoring and support practices outlined in the Elements of
Effective Practice for Mentoring, 4th edition, when applicable.

In addition, STEM mentoring programs have some additional
considerations related to these practices, including one new
Benchmark practice detailed later in the chapter (B.5.13).
Because there is very little research within the area of STEM
mentoring, most of the following recommendations are based
on practices suggested by this project’s Working Group.

Match Contacts

STEM mentoring programs frequently incorporate structured
STEM experiments and learning opportunities into the
mentoring relationship as the primary activities that mentors
and mentees engage in when they are together for their
mentoring meetings'234. These activities may include a specific
curriculum or activities created by program staff that are
responsive to the interests and goals of program participants
as well as long-term STEM-related projects that take more
than one session to complete. Regardless of what form the
activities take, if mentors and mentees are expected to engage
in structured STEM activities, mentoring program staff should
take time at each check-in (B.5.2, B.5.3, B.5.6) to ask mentors
and mentees about their experiences in engaging in these
activities together. These check-ins should include asking about
their successes, challenges, and lessons learned from the
activities. Program staff may consider asking mentors about
what they observed their mentee learning from the activity,
mentee level of engagement with the activity, and whether the
activity highlighted any specific strengths or areas that need
improvement.

For a real-life example of how mentor check-ins can boost the
quality of a program’s implementation, see the sidebar on the
next page on Genentech’s mentor check-in procedures and the
value they bring to their work.
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An additional set of topics that should be addressed during match
monitoring contacts is assessing mentees’ attitudes, beliefs,
skills, and plans regarding STEM, particularly if a goal of the
mentoring program is to influence these outcomes in mentees.
Evaluations of STEM mentoring programs have demonstrated
impacts on these types of outcomes for mentees who participate
in the program587. Attitudes may include topics such as how
excited the mentee is about STEM, beliefs are topics such as the
mentee’s feelings of belonging in STEM, skills include their actual
abilities in completing STEM activities or feelings of confidence

in specific STEM skills, and plans regarding STEM refers to

the mentee’s intentions to pursue STEM coursework or career.
Mentors, mentees, and the responsible adult contact should all
be asked to comment on these areas.

Not all of these topics must be assessed during each monitoring
contact but they should be assessed regularly and in a
systematic way. For example, standardized questions or brief
surveys can be utilized to assess these ideas from the
perspective of each person involved in the match. The
information gathered through the match monitoring contacts
should inform the additional support and resources provided by
the program to mentees and mentors.

Provision of Stem-Related Resources and Referrals

In addition to providing mentees and parents or guardians

with support through access to resources or referrals, STEM
mentoring programs should also be able to provide additional
STEM-related resources or make STEM-related referrals to
extend support to mentees and their parents or caregivers
beyond the context of the mentoring program. For example,
tutoring in STEM subject areas is often beyond the scope of
most STEM mentoring programs. If the mentee, parent or
guardian, mentor, or mentoring program staff recognize that a
mentee needs supplemental instruction in a STEM topic in order
to help the mentee achieve his or her potential, then the program
should be aware of resources that are available and help connect
mentees and their parents or guardians to these resources. As
another example, mentees who are ready to apply for college
and have an interest in a STEM career may need additional
support in determining where to apply and how to obtain financial
and social support®. This expertise is likely beyond the abilities of
most mentors and mentoring programs and thus programs that
serve this population should be prepared to make referrals to
other individuals or programs who can assist mentees with this
and other similar areas of need.
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€sy of Genentech | STEM MENTORING IN ACTION:
Genentech’'s Futurelab Initiative

ENENTECH’S FUTURELAB program keeps mentors engaged and informed through regular and ongoing email
communication. Every few weeks, Futurelab’s volunteer management team (comprised of employee volunteers) and
team captains create and distribute a different newsletter for each of Futurelab’s three distinct programs. Some
newsletters provide a preview of the next week’s lesson to help mentors feel prepared for the upcoming activity. Other
newsletters focus on relationship development and explore strategies to foster a connection in the context of the program;
for example, asking students how their day was before jumping right into homework or a STEM activity.

These communications are especially important for Futurelab’s mentors who are embedded in a South San Francisco
classroom. Teachers don’t always have time to provide comprehensive instructions for how mentors can contribute to the
classroom, so newsletters can prepare mentors by describing the activity and the mentor’s role and responsibilities. If the next
week’s activity is an egg drop, the newsletter may contain information about how the mentor can assist the teacher in scoring
the competition. After reading these newsletters, mentors are better equipped to contribute to the classroom and feel more
confident about their role supporting students and teachers.

Regular communications to volunteers ensures that they’re working effectively and have the support they need. Team
Captains are also expected to check in with their members through face-to-face meetups and report back to program staff

on volunteer morale, attendance, and engagement. Volunteers are given a sense of community as they share the responsibility
and the reward of being a Futurelab mentor. Volunteers can check in with each other and help one another.
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Ongoing Training Topics

As described previously, STEM mentors often have an additional
task promoting mentees’ self-efficacy, identity, and feelings of
belonging in STEM pursuits as these attitudes and beliefs are
thought to underlie an individual’s intentions and behaviors in
the pursuit of STEM education and career goals *'®'. Mentors
should receive ongoing training (B.5.11) in how to address
these outcomes within the context of a mentoring relationship,
particularly if information gathered during the match monitoring
contacts indicate that this is an issue in the mentoring relation-
ship. In addition, many STEM mentoring programs aim to target
youth who are traditionally underrepresented in STEM fields and
thus mentors may need additional ongoing training in how to help
mentees prepare for challenges they face in pursuing a STEM
education or career.

Real-time Monitoring and Support

Site-based STEM mentoring programs have a unique opportunity
to observe in real-time the interactions of mentors and mentees
and should take advantage of this opportunity to provide
immediate monitoring and support, as needed (new
Benchmark 5.13). This includes supporting matches who are
working together on STEM activities and supporting matches

in navigating the dynamics of their relationship. Real-time
monitoring in STEM mentoring programs helps ensure that
critical messages or lessons are delivered accurately by mentors
in programs that include structured STEM activities. In order to
provide the most effective monitoring, program staff should be
familiar with the principles of cooperative learning and play an
active role while the groups work together on an activity or
engage in their mentoring relationship, by moving throughout
the room, using reflective listening, and giving constructive
feedback'2. Asking questions of the group, as well as privately
asking questions of individuals within the group, can give
program staff information about how things are going in regards
to both the planned activities and the mentoring relationship or
group dynamics.

In addition, there are many dimensions of group dynamics that
program staff should be aware of in order to effectively observe
and supervise group mentoring relationships, including group
cohesion, power dynamics, engagement of individuals in the
group, feelings of emotional safety, and trust within the group.
Group development is theorized to include distinct stages:
forming, storming, norming, performing, and adjourning™.
Mentoring program staff who are aware of these normal group
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processes and know what to look for can help prepare mentors
and mentees for the expected changes and challenges within
the group. Based on the information gathered during their
observations of the activities and interactions of mentors and
mentees, program staff should provide additional support or
resources to address any challenges associated with the
mentoring activities as well as the match or group dynamics.

For a great real-life example of how one STEM mentoring
program does this kind of real-time monitoring and support of
matches, please see the case study on the next page on the
work of Science Club. STEM Mentoring in Action: Science Club
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CIENCE CLUB, an after-school STEM mentoring program for middle school students, has found that providing
groups with real-time, in-person monitoring and support is critical to fostering long-lasting mentoring relationships,
youth STEM competencies, and mentor skills.

For most Science Club mentors, this is their first experience working with middle school youth at a community site. The

group- and STEM-discipline-based nature of Science Club presents extra challenges, compared to a one-to-one mentoring
program. These include managing group dynamics/behavior, safety, flexibility in allowing students to work semi-independently,
and ensuring enough time for one-on-one conversations with youth about issues of interest or concern.

Science Club’s Program Coordinator plays a central role in this support. This person’s professional background includes
experience with youth development and STEM education. During each Science Club session, the program coordinator

actively monitors the groups and moves throughout the room as conditions dictate. If the staff member sees a group that
seems offtrack, or a mentor signals for support, the program coordinator will approach the table to check in and help navigate
the situation.

Because staff members are more seasoned with informal STEM pedagogy, they can model productive discussions on how to
unpack students’ passions and empower them to pursue projects in a way that is safe, aligned with their abilities, and grounded
in their own interests. This extra support, often just a light touch, allows groups to quickly resolve small issues, with mentors
receiving real-time support in how to manage particular situations without halting their groups to problem-solve every time
they encounter a challenge. Post-club debriefs may also take place, depending on mentor needs.

Having a staff member in the room also allows Science Club to more accurately assess which groups are doing well and which
are in need of extra support. Some mentors join the program with high expectations of what they’ll accomplish and the
relationships they’ll develop in a short amount of time; the mentoring experience is often more difficult than mentors anticipat-
ed, however, and it can take longer for relationships to become established. Because the program coordinator monitors each
group on a regular basis, it is easier to pick up on subtle cues that a mentor is having an impact. For example, the staff member
might notice that a student makes eye contact more than he did previously, or that a student goes straight to her mentor upon
entering the room instead of chatting with other students. Staff can communicate these observations and reassure mentors of
their progress in building relationships, which motivates mentors to persist during the often-challenging first six months.
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At the conclusion of the agreed upon time period of the mentoring relationship, program explores the opportunity with mentors,
mentees, and (when relevant) parents or guardians to continue the match for an additional period of time. (E.6.1)

» STEM RECOMMENDATION
Based upon mentees’ ages, parent permission, program goals, and company rules (for workplace or work-sponsored mentoring
programs), mentoring relationships may continue after the conclusion of the program.

Program hosts a final celebration meeting or event for mentors and mentees, when relevant, to mark progress and transition
or acknowledge change in the mentoring relationship. (E.6.2)

» STEM RECOMMENDATION
STEM mentoring programs that include completing long-term projects such as scientific experiments could host a final celebration
that provides a forum for mentees to showcase their work or findings. This final event could mirror a scientific conference or
presentation that provides mentees with an authentic mastery experience that is directly related to being in a STEM career.

Program staff members provide training and support to mentees and mentors, as well as, when relevant, to parents or guardians,
about how mentees can identify and connect with natural mentors in their lives. (E.6.3)

» STEM RECOMMENDATION
If one of the program goals is to help mentees build a network of STEM professionals, the program and mentor may introduce
or connect (either in person or virtually) mentees to other potential helpers and mentors who are STEM professionals.

» STEM RECOMMENDATION
Time-limited STEM mentoring programs may consider networking with other mentoring programs, so that when the program ends,
mentees will be able to continue to receive additional mentoring services. In addition, prior to relationship closure, STEM mentoring
programs should consider training mentees in the lifelong skills of being able to locate, identify, initiate, and maintain new mentoring
relationships with caring adults in their lives to address the ongoing needs for support as youth enter a STEM education or STEM

career.

Justification

All mentoring programs need to have policies and procedures

in place for handling mentoring relationship closure. Benchmark
practices for match closure described in the Elements of Effective
Practice for Mentoring suggest that these should be designed
and consistently implemented for handling both anticipated

and unanticipated relationship closures. The recommendations
included in this STEM supplement speak primarily to recommen-
dations for handling anticipated match closures. There were no
supplemental recommendations for how programs might manage
unanticipated match closures over and above those currently
described in the Elements.

Despite the importance of closure for mentee outcomes, even

the broader literature on youth mentoring provides little guidance
about specific practices for effectively managing the relationship

H B STEM MENTORING SUPPLEMENT

closure process. The literature on STEM mentoring programs is
no exception and there were few studies that we located which
discussed a program’s relationship closure practices at all—and
no studies that actually tested the effectiveness of any specific
closure practices.

The lack of discussion of closure practices in the literature on
STEM mentoring may be because STEM mentoring programs
may not realize the importance of having closure procedures

in place and the potential deleterious effects of both premature
relationship closure or the use of ineffective closure procedures.
Some possible explanations are described below.

» A small percentage of mentoring programs are located in

workplace settings (i.e., where youth come to the worksite
during the school day or after school)—about 6 percent of all
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mentoring programs based on one national survey'. Many
STEM companies and institutions of higher education sponsor
STEM mentoring programs for youth because of their interest
in contributing to the growth of the workforce, particularly of
underrepresented groups. Notably, mentoring relationships
located in workplace settings may have lower rates of
premature closure than mentoring that occurs in other
locations? suggesting that these types of programs and
locations may have increased promise for positive outcomes.
Staff members may not perceive premature relationship
closure as a problem, because premature closure is relatively
less common in workplace mentoring programs than in other
settings. Workplace STEM mentoring programs tend to be
more structured and less demanding in terms of their dura-
tion, frequency, and length, which may result in these lower
rates of premature closure®. Even though rates of premature
closure may be lower in workplace settings, they still need
closure procedures to handle the variety of reasons matches
may end early.

» Many STEM mentoring programs are curriculum- or
project-based. In these types of programs, relationships
often are designed to close when the curriculum ends or
a project is completed unlike open-ended, one-to-one,
community-based mentoring relationships. Because the
STEM program has pre-defined the ending of the relation-
ship, staff may believe that relationship closure has implicitly
been handled. However, even in this context, there needs
to be procedures in place to support healthy and productive
match closures—for example, in programs using a curriculum
that has a match where one member ends the relationship
prematurely. In this case, the mentee would probably not have
completed the curriculum or project. Having an incomplete
experience could also have an adverse effect on the mentee’s
feelings of competence and efficacy, in addition to the gener-
ally negative outcomes associated with premature relationship
closure (e.g., feelings of abandonment, rejection, anxiety,
anger, confusion, sadness)**%. Programs need to consider a
variety of options for how they will handle this type of closure
such as whether they would re-match the mentee with a new
mentor or even a staff member so the mentee can complete
the curriculum or finish the project. Note that findings on the
impact of re-matching are mixed suggesting it can have
negative effects on youth” unless the new relationship
becomes close relatively quickly, which appears to mitigate
against the negative effects of re-matchingg.
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» Because many STEM mentoring programs are group-based,
the end of the program may be well-defined or time-limited
(e.g., summer camp, academic school). Yet despite there
being both a clear beginning and end date to the relation-
ship, additional closure procedures are still needed for these
groups. For example, if one mentee stops coming to the
group meetings, the situation may not feel like closure,
because there are still ongoing relationships between the
mentor and other mentees in the group. However, this
situation still constitutes closure for the specific mentee,
their mentor, and for the other group members so they can
say goodbye to the departing youth. The program needs to
have procedures in place for directly addressing this type of
premature termination to manage its impact on everyone in
the group.

Thus, well-developed relationship closure policies aligned

with the Elements benchmarks are needed and core to the
effective functioning of all mentoring programs. Notably, unlike
the empirical research reported on premature closure rates in
general mentoring programs that are as high as 38 percent of
relationships®, research on the prevalence of premature closure
in STEM mentoring programs is largely absent from the literature.
In addition, research on the predictors, prevention, and treatment
of premature relationship closure in STEM mentoring programs
is also not reported. These are all important directions for future
research to inform the development of STEM program practices
and policies. Nonetheless, practice experience and related
literatures provide some guidance for recommendations for
managing anticipated closure practices in STEM mentoring
programs that may enhance the impact of the program on
participating mentees and these recommendations are described
on the next page.

Relationship Continuation

The program Enhancement 6.1 suggests that as the agreed
upon time period of the mentoring relationship comes to a close,
the mentoring program could explore the possibility with mentors,
mentees, and (when relevant) parents or guardians for the match
to continue. This enhancement was originally introduced to the
Elements in order to provide recommendations to mentoring
programs that have a defined end date or end when mentees
turn 18, but where the match members would like to continue
their mentoring relationship.
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Because of the long-term needs for advice and support for
successful integration into a STEM career, one program
recommendation is that STEM mentoring programs consider
allowing their matches to continue contact with one another
after the program ends. This decision should be informed by
several factors described below.

» First, the age of the mentees is important to consider. For
mentees who are under 18 or who may have an intellectual
disability, or some other characteristic that could impair
making an informed decision or protecting their own safety,
receipt of parent permission in advance is critical regarding
allowing ongoing contact between match members.

» The goals of the program should also be considered:

» Initial recruitment into STEM: For example, for programs
designed to recruit young mentees into a STEM field and
that are mostly focused on designing fun and engaging
STEM activities with a mentor who is acting as a
positive role model and friend, ongoing contact may be
less important. This type of program may meet its goals
if it has piqued the interest of its mentees and then,
subsequent STEM programs might focus on developing
deeper mentoring relationships.

» Retention in STEM: For programs designed to recruit or
retain older mentees who have already expressed interest
in a STEM field, a more enduring relationship with a STEM
mentor may be more relevant to facilitate to help sustain
mentees’ interests over time and help mentees cope with
educational and career challenges, open opportunities,
and inform decision-making.

» Because many STEM programs are sponsored by STEM
companies or academic STEM departments located in
institutions of higher education, the rules for employees,
faculty, or postdoctoral, graduate, or undergraduate students
for that workplace should be considered. These policies
may permit or prohibit contact with mentees outside of the
program structure.

There are a few STEM mentoring programs that have reported
their strategies for encouraging or supporting relationship
continuation. For example, one summer camp STEM program
for high school students using faculty and near-peer mentors
reported that the program continued contact with mentees after
the camp ended through email correspondence®. The program
reported they regularly updated their website to add notices of
related resources for mentees. In addition, some matches
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continued contact with one another, particularly using social
media platforms to continue to build and strengthen their
relationships. In a similar vein, some members of our Working
Group noted that they encourage or help mentees to build a
profile on LinkedIn. Furthermore, mentors and mentees were
encouraged to connect with one another on LinkedIn, so that
mentees could have ongoing educational- and career-related
support from their mentors, while getting help building their
professional networks.

Final Celebration and Participation

in Authentic STEM-Related Events

Program Enhancement 6.2 suggests that mentoring programs
host a final celebration meeting or event for mentors and
mentees to mark progress, transition, or acknowledge change

in the mentoring relationship. This enhancement is particularly
relevant for most STEM mentoring programs, particularly those
where mentees complete long-term projects such as conducting
scientific experiments or building a product or piece of equip-
ment. Relationships that end well can have far-reaching positive
effects on youth"'; furthermore, when mentees are engaged in
the planning of the final celebration or graduation ceremony, it
can help to give them some control over the closure process'?.
Thus, a strong recommendation is for STEM mentoring programs
to construct a final celebration that is planned, at least in part, by
mentees. The experience can provide mentees with a forum to
showcase their work or findings, and an opportunity to end their
mentoring relationship in a healthy and joyous way.

Because research suggests that STEM programs aimed at
recruitment and retention that reflect authentic STEM activities
have stronger outcomes'®, having a STEM program culminate in
an event that mirrors what STEM professionals might do in their
careers could provide an effective means of closing the program
and the relationship. Activities that reflect the work actually done
by STEM professions will vary based upon the discipline. Some
examples we located include:

» Mentees might work as part of an existing team or lab
on an ongoing research project'.

» Mentees engaged with research scientists would likely
learn the scientific method, and then, design and conduct
empirical research projects'®1617,

» Mentees matched with engineers or applications developers
might program a software application or design and build a
device, such as in a robotics camp81920,
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These types of final events may be designed for mentees to have
an authentic mastery experience that is directly related to being
in a particular kind of STEM career. Several STEM mentoring
organizations have reported a variety of different ways that they
have constructed this type of authentic scientific activity:

» Some report having participants present their research
findings, products, or projects in local, national, or
international competitions (we found examples involving
K-12 students,?'?? as well as college students, including
in international contexts®.

» Others utilize more of a mini-conference approach where
mentees present their projects in a poster format (college)?,
or in an oral report, demonstration, or game presented
to peers, mentors, or other experts in the field, or family
members in both elementary?® and high school programs?.

» For programs that chose to include participation in
competitions, particularly ones that may be expensive to
attend because they involve entrance fees and travel, the
mentors have often collaborated with their mentees on
fundraising activities?’. Fundraising can be considered an
authentic STEM activity as well, since STEM professionals
regularly have to engage in these types of entrepreneurial
activities (e.g., apply to external funders for grants or
contracts) to support their work. By presenting their projects
to potential donors, mentees get opportunities to develop their
communications skills, get practice in pitching their ideas to
interested laypeople, and consequently, can further develop
their self-confidence and sense of belonging in a STEM field.

For a great real-life example of how one program maximizes
these “capstone” style presentations into a celebration event,
see the case study on the next page on the work of Sea
Research Foundation.

Connect mentees to others in STEM fields
What is remarkable in the STEM literature is that, unfortunately,
STEM mentoring programs cannot “rest easy” after they have
sparked an interest in STEM. Support of someone into a STEM
career may be a lifelong journey particularly for supporting the
career development of youth and adults from underrepresented
groups. Interest is only the first step and needs to be reinforced,
grown, nurtured, and supported across development. The choice
to pursue a STEM major or career, particularly one at an expert
level, requires attention and resources. Each organizational
context will present STEM mentees with new challenges to
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overcome and mentoring can be a means of supporting this
process. For these reasons, mentoring programs, regardless of
the target age group, should consider forming a consortium of
programs and services that support the development of a STEM
professional across adolescence and well into adulthood.

Program Enhancement 6.3 suggests that mentoring program
staff members should provide training and support to mentees
and mentors, as well as, when relevant, to parents or guardians,
about how mentees can identify and connect with natural
mentors in their lives.

This enhancement in the Elements was included based on

a growing literature on the importance of natural mentors in
people’s lives?2°30 and could provide a bridge to future types of
support for mentees whose formal mentoring relationships were
ending. There are three recommendations that build upon this
general enhanced practice:

» Connect mentees to other STEM professionals
Given the ongoing need for mentoring for young people
interested in entering a STEM major or career, a strong
recommendation is to help mentees build a network of STEM
professionals that can deepen and grow across time.
Specifically, the mentoring program and the mentor may
introduce or connect mentees to other potential helpers and
mentors who are STEM professionals. These introductions
can be conducted either in person or virtually with the
idea of growing mentee’s social capital which is often
underdeveloped in the networks of students in
underrepresented groups. For example, using LinkedIn as
a professional networking device both within the program
and for connecting mentees to other STEM professionals
for education or career advice or opportunities could be an
effective strategy to help achieve this goal.

» Network your STEM mentoring program
with other STEM mentoring programs
An additional recommendation for STEM programs,
particularly those that are time-limited, is for the program
itself to network with other STEM mentoring programs.
That way, when the program ends, mentees will still be able
to receive mentoring services and/or participate in more
advanced or ongoing STEM programs.
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STEM MENTORING IN ACTION:
Sea Research Foundation

EA RESEARCH FOUNDATION'S STEM MENTORING PROGRAM CONCLUDES EACH

YEAR WITH A GRADUATION event that brings mentees, mentors, program staff, and family members

together to celebrate the year. Everyone is invited to the program site, where participants share what they’ve learned
and watch a slideshow of photos. The graduation takes place after all the curriculum modules have been completed, so sites
are able to put mentees’ STEM projects from various curricula on display to demonstrate what they’ve created. The graduation
event is sometimes the first opportunity families get to see what mentees and mentors have worked on, and mentees are often
quite proud to share what they’ve accomplished.

The graduation event also signals the end of the program, so sites use this opportunity to close matches. Even continuing
sites may not have the same mentors and mentees from year to year, so it’s important for sites to communicate that matches
are officially over after this event and give mentors and mentees a chance to say goodbye. Mentees present mentors with
certificates of appreciation and everyone receives a group photograph and a magnetic picture frame to commemorate the
experience.
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PROGRAM ELEVATION AND OUTCOME
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ne of the surprising findings of our literature review

was the limited range of studies of STEM mentoring

programs, and STEM education programs in general,
which used strong evaluation or research designs. Only about
one in ten of the research articles in our initial literature review
utilized some form of a control or comparison group, with only
three involving random assignment of participants to one group
or another (others used a matched comparison group or other
designs). We also found few examples of longer-term studies of
program impact, with only a handful of evaluations using student
records or other methods to track mentored and unmentored
youth deep into their higher education and career experiences'.
Other reviews of the STEM mentoring literature have found
similar gaps in both experimental designs and examinations
of long-term outcomes?.

This lack of rigorous research design makes it very challenging
to make causal claims about what “works” in STEM mentoring or
to understand with certainty how STEM programs or mentors can
use different approaches to maximize their impact. This is one of
the many reasons the recommendations and tips provided in this
supplement to the Elements also draws from related research in
other fields and practitioner wisdom.
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The vast majority of research and program evaluation in the
STEM mentoring space consists of pre-post tracking of the types
of outcomes discussed earlier in this guide: changes in STEM
attitudes, beliefs, and plans; increased participation in STEM
activities and classes; and gains in STEM knowledge and skills.
This type of quantitative outcome monitoring (as distinct from
comparative evaluation) was often accompanied by qualitative
data collection about participant’s experiences, their insights
regarding what they considered to be impactful aspects of the
program, and their suggestions for optimizing service delivery.
We also noted some examples of studies based on analysis of
existing data sets (e.g., multi-year longitudinal questionnaires
or student records).

Given the emphasis on qualitative data and the participant
experience in the evaluations we reviewed, it was interesting

that few of the studies focused much on fidelity of implementation
of the program model. Compared to the traditional mentoring
literature, in which adherence to standards or practice by staff
and participation in program activities (not just match meetings,
but also required training and other participant obligations)

are commonly included in studies as moderators of program
outcomes®#, we found few examples of that type of data in the
STEM mentoring literature. While some studies noted the number
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of times mentors and mentees met, or other data suggesting
uptake of the program, issues of implementation were
surprisingly absent in many studies. As a result, it was also
challenging to find clear examples of how STEM mentoring
programs could improve their service delivery.

Suggestions for improving the quality of program evaluation
and research in STEM mentoring are provided at the end of
this section.

We thought it would be helpful to the STEM mentoring field to
take stock of the full range of outcome areas and specific
measures that were mentioned or used in our literature review.
As noted in the General Program Design Principles section
earlier in this guide—and detailed further in the Appendix—we did
find that types of program outcomes tended to cluster around
the age ranges of youth participants, with programs for younger
mentees focused more on initial STEM interest and engagement
and programs serving older adolescents or young adults
emphasizing instrumental supports, professional skills, and
assistance with key transitions along STEM pathways. Programs
will want to select measures that speak clearly to the current
STEM engagement of the mentees, the traits of those serving in
the mentoring role, and the types of activities that mentors and
youth engage in. In looking across the full literature review,

we found programs emphasizing measures from the listing on
the next page.

STEM mentoring programs can help build the literature base
for this type of programming, as well as inform program
improvements, by designing evaluations with the following
suggestions in mind:

» Focus on the proximal outcomes that speak most
directly to the work of mentors and mentees
As noted earlier in this guide, STEM pathways from childhood
through young adulthood have many transition points and
barriers that can challenge the long-term engagement in
STEM for even the most dedicated and driven students.
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And while every program wants to prove that their services

are the key spark that propelled their mentees into STEM
accomplishments and careers, it's important to remember

that one STEM program, and one STEM mentor, likely plays

a limited role in helping nudge that mentee along their path.
Evaluations should focus on the piece of that long-term puzzle
that your mentors provide to young people. Whether it's changing
attitudes and building some STEM confidence or helping youth
complete advanced research projects and present findings in
adult settings, selecting outcomes that might be detectable “close
to the action” of mentoring are most likely to show growth and
impact for mentees. Programs should avoid designs that have
the program searching or taking credit for distal outcomes that
are beyond the control and scope of what the program provides.

» But, when possible, use accessible data to track
participants into their STEM futures
Although programs are likely to see their strongest impacts
on those short-term outcomes that are most relevant to their
work, there is also value in seeing if the program did result in
any longer term engagement in STEM participation. This
is most commonly done by tracking students using K—12
and higher education records, although we have noted
examples of long-term follow-up surveys of participants,
and even the use of platforms like LinkedlIn, to see if program
participants (or their comparisons) eventually found their
way into STEM academia or industries. While you might not
be able to tie these long-term findings directly to what your
mentors provided, you might find that the program have
varying levels of success for subgroups of participants or gain
valuable information about barriers that prevented youth from
building on what your program provided as they got older.
This can help programs be more intentional about giving
advice to mentees about challenges they may face down
the road or spur new partnerships so that promising STEM
mentees can purposefully transition into their next STEM
mentoring opportunity.

» Track implementation fidelity
As noted above, we did not find many discussions of levels
of program participation or adherence to program procedures
in the literature we reviewed. For STEM mentoring programs,
it may be especially important to track indicators of program
delivery, such as adherence to or completion of STEM
curriculum or experiments, the volume of delivery of specific
STEM messages and encouragements, or the completion of

80



PROGRAM ELEVATION AND OUTCOME MEASUREMENT IS STEM MENTORING

COMMON STEM MENTORING
PROGRAM OUTCOMES

STEM-RELATED KNOWLEDGE

» Knowledge about STEM subject matter

» Knowledge of STEM careers

» Knowledge of college application process and
identification of college choices

STEM-RELATED ATTITUDES

» Attitudes about science (generally) or STEM subjects
» Anxiety about STEM subjects

» Interest in STEM careers

» STEM identity

» STEM sense of belonging

STEM-RELATED BEHAVIORS

» Direct STEM skills (e.g., conducting research,
interpreting and reporting data, etc.)

» Skills beneficial in STEM work (e.g., teamwork, how to get
information from other people, problem-solving, the scientific
method, time management, and critical thinking skills)

» STEM-related confidence or self-efficacy
(both in terms of schoolwork and career paths)

» Active planning for STEM careers

» Frequency and depth of engagement with STEM
activities, books, media, etc.

» Affirmation of STEM career choice

STEM-related grades or test scores

» Enrollment and/or persistence in post-secondary
STEM courses

v

BEHAVIORAL FUNCTIONING (non-STEM-related per se)
» School attendance and behavior

» Afterschool problem behaviors

» Substance use

MENTORING AND NETWORKING ATTITUDES

AND BEHAVIORS

» Help-seeking

» Number and types of STEM-related adults youth
interact with

» Quality of STEM mentoring relationships (e.g., level of partic-
ipation, activities engaged in, advice giving, fun interactions)

OTHER OUTCOMES

» Parent involvement in STEM activities or post-secondary
planning

» Teacher perceptions of STEM engagement

qf STEM MENTORING SUPPLEMENT

training or monitoring activities. Of course, the volume and
frequency of mentor-mentee interactions can also be a

critical component of program success. Investigating these
markers of implementation will help the program determine

why it might be more effective for some participants than others,
can point to weaknesses that the staff can address, and

might provide an explanation when programs don’t have the
successful outcomes they expect. Low-quality implementation

is often the culprit when impacts are small.

» Attempt to separate the value of mentoring
relationships vs the program activities or
other factors
Previous reviews of the STEM literature have noted that
there is almost no research detailing the role that mentoring
relationships with STEM experts play, compared to other
program features, in achieving program outcomes®. Simply
put, we don’t know very much about what combination of
STEM relationships (role modelling, identity development,
etc.), hands-on activities and experiments, direct STEM
teaching, and instrumental supports will achieve the optimal
outcomes for youth participants. When designing evaluations,
programs may want to consider qualitative methods that can
be coupled with quantitative findings to explain the ways in
which mentors compliment other program features and vice
versa. This can inform mentor training, the selection of STEM

activities, and the additional supports that a program provides.

» When emphasizing program improvement, test
variations in practice and look for subgroup effects
Also lacking in the research literature were studies designed
to compare different approaches to the same practice
(e.g., testing different training curricula or mentoring activities
within the same program) or examine mentoring outcomes for
youth of different ages or backgrounds. Programs may find
that they can make targeted improvements in implementation
over time by systematically testing different ways of doing
the work and seeing which is most effective or satisfying for
participants. Programs may also find that some groups of
youth are getting more out of the program than others,
suggesting key improvements that can address issues and
allow all mentees to get the most out of their mentoring
relationships.

One example of a program that is taking their STEM mentoring
evaluation to a new level can be found in the sidebar on the
evaluation work of Genentech.
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Phot0 courtésy of Gendiigeh 7 - STEM MENTORING IN ACTION:
' Genentech’'s Futurelab Initiative

ince the start of FUTURELAB in 2015, Genentech has partnered with a third-party evaluator to measure

and monitor program outcomes that include surveys, focus groups, and one-to-one interviews with our

Futurelab student participants and teachers and Genentech volunteers. Genentech plans to pursue a
rigorous formal evaluation of their programs after the 2020 programming year and encourages other STEM
mentoring programs to consider formal evaluation to add to the field’s collective knowledge of high-quality
STEM mentoring practices.
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