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Abstract Data indicate that females and ethnic/race
minority groups are underrepresented in the science and
engineering workforce calling for innovative strategies to
engage and retain them in science education and careers.
This study reports on the development, delivery, and out-
comes of a culturally driven science, technology, engi-
neering, mathematics (STEM) program, iSTEM, aimed at
increasing engagement in STEM learning among Native
American 3rd-8th grade students. A culturally relevant
theoretical framework, Funds of Knowledge, informs the
iSTEM program, a program based on the contention that
the synergistic effect of a hybrid program combining two
strategic approaches (1) in-school mentoring and (2) out-
of-school informal science education experiences would
foster engagement and interest in STEM learning. Students
are paired with one of three types of mentors: Native
American community members, university students, and
STEM professionals. The iSTEM program is theme based
with all program activities specifically relevant to Native
people living in southern Arizona. Student mentees and
mentors complete interactive flash STEM activities at
lunch hour and attend approximately six field trips per
year. Data from the iSTEM program indicate that the pro-
gram has been successful in engaging Native American
students in iSTEM as well as increasing their interest in
STEM and their science beliefs.
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Introduction

The demand for science, technology, engineering, and
mathematics (STEM) talent is growing globally and
specifically in the USA. Between 2014 and 2024, com-
puting jobs are expected to grow 19 %, advanced manu-
facturing jobs 16 %, and engineering positions 12 %. Yet
the percentage of women and minorities in STEM has
evidenced little change over the past 13 years. Women in
the computing workforce stayed at 36 %, while those in the
advanced manufacturing and engineering workforces
decreased from 19 to 18 % and 25 to 24 %, respectively.
Currently, African-American and Latino workers represent
29 % of the general STEM workforce (up from about 24 %
in 2001), but just 16 % of the advanced manufacturing
workforce, 15 % of the computing workforce, and 12 %of
the engineering workforce (Change the Equation 2015).
According to Rising Above the Gathering Storm:
Energizing and Employing America for a Brighter Eco-
nomic Future (National Academy of Sciences, National
Academy of Engineering, and Institute of Medicine 2007),
it is not enough to increase the numbers of US citizens
entering the STEM workforce in order to maintain global
US leadership. The next STEM generations also need to
generate entirely new STEM industries to compete effec-
tively in future global markets. The ability of the USA to
meet the demand for individuals with the knowledge,
skills, curiosity, and creativity necessary to enter STEM-
intensive careers is hindered by the lack of women and
underrepresented minority populations in STEM education.
In Confronting the “New” American Dilemma, Nicholas

@ Springer


http://orcid.org/0000-0001-7508-8893
http://crossmark.crossref.org/dialog/?doi=10.1007/s10956-016-9629-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10956-016-9629-1&amp;domain=pdf

948

J Sci Educ Technol (2016) 25:947-960

Donofrio proposes that “Diversity may be the trump
card.... We are going to run out of talent unless we get
more women and underrepresented minorities going to
college to study STEM” (Frehill et al. 2008, p. 4). This
resonates with the central argument of a more recent study,
Expanding Underrepresented Minority Participation:
America’s Science and Technology Talent at the Cross-
roads (National Academy of Sciences, National Academy
of Engineering, and Institute of Medicine 2011), which
notes that minority groups represent 28.5 % of the US
population, but only 9.1 % of science and engineering
professionals. With the overall need for increasing STEM
professionals in the USA, the increase in minority race/
ethnic groups in the US population, and the unique per-
spectives underrepresented groups bring to STEM, partic-
ipation of women and minorities in STEM is of critical
importance.

Ensuring that the USA, and specifically the state of
Arizona, has a competitive STEM workforce requires that
students become interested in STEM, engage in STEM
education, and remain in the STEM educational pipeline.
Educational interventions responding to the need to
increase the number of students in the K-20 STEM pipeline
must work toward engaging STEM students who offer
dynamically new perspectives. While nearly 28 % of high
school freshman in the USA declare an interest in STEM-
related fields, over 57 % lose interest by the time they
graduate from high school (Munce and Fraser 2013).
Women and ethnic minorities are significantly underrep-
resented in STEM education. In 2014, only 15 % of Ari-
zona high school females reported interest in STEM fields
compared to over 40 % of male students (Alliance for
Science and Technology Research in America 2014).
Similarly, Hispanic students report interest in STEM fields
at a rate of 812 % less than their Caucasian/Asian-
American counterparts. While data on Native Americans in
STEM are not always reported separately from other
minority groups, the Sloan Foundation (2014) notes that
while American Indians make up 1.2 % of the US popu-
lation, they earned only 0.3 % of all doctorates in 2012—
which is less than the 0.5 % earned 20 years previously.
Moreover, in 2012, only 48 doctorates were awarded to
American Indians/Alaska Natives in engineering and sci-
ence fields other than social sciences. For states such as
Arizona in which a relatively large percentage of Native
Americans reside (5.3 % of the total state population; US
Census 2013), inspiring Native American students’ interest
in STEM and engaging and retaining them in STEM edu-
cation is of utmost importance both regionally and more
broadly at the national level. The issues of Native Ameri-
can Indian/Alaska Native postgraduate attainment in
STEM fields begin at the K-12 level with support provided
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through high school graduation (National Action Council
for Minorities in Engineering 2012).

Research indicates that effective practices that increase
students’ interest in STEM throughout the K-20 pipeline
include (1) participation of caring adults, (2) critical
thinking, collaboration, and small group work, (3) content
related to real-world application particularly with hands-on
learning, and (4) provision of STEM opportunities (Bou-
vier and Connors 2011). Additionally, the importance of
utilizing a theoretical framework to guide such practices is
noted in the literature (Gonzalez and Moll 2001). At the
core of our project design, these effective practices are
embedded within our approach, which specifically include
(1) STEM mentoring and (2) informal science education
experiences and are guided by a Funds of Knowledge
theoretical framework.

STEM Mentoring

School-based mentoring has grown quite rapidly. In part,
this is due to concerns about student performance and
schools’ efforts to implement programs that address stu-
dents’ challenges and foster academic success (Herrera
et al. 2011). Past research indicates several variables rela-
ted to effective mentoring, such as length of time mentor—
mentee remain connected and strength of mentor—mentee
relationship—with longer and stronger relationships
yielding greater impacts (Herrera et al. 2011; Rhodes
2005, 2009; Stevens et al. 2008). Research also shows that
simply matching a mentor and mentee is not enough. The
need for training and ongoing support of mentors, mentees,
and other stakeholders (e.g., teachers) is crucial to building
and maintaining effective, meaningful mentoring programs
(Henry 1994). Generally, outcomes from school-based
mentoring have reflected improvements in academic per-
formance (Diversi and Mecham 2005), self-perception
(Bernstein et al. 2009), and school attitude/connectedness
among mentees (Portwood et al. 2005) and have even
positively influenced variables such as peer and parent
relationships (Karcher 2005, 2008).

STEM mentoring differs from other mentoring practices
as it specifically addresses engaging and retaining students
in the STEM pipeline, often with a focus on females and
minorities given their underrepresentation in STEM
careers. For many students, socialization practices tend to
instill a negative self-perception of their ability in STEM
academic fields. Mentoring relationships help to alleviate
anxiety and other common academic deterrents, including
fewer networking prospects, insufficient preparation, and
culture shock both as a student and as a member of a
minority population (Brainard 2000; Brainard et al. 1998).
Successful STEM mentoring programs have included
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different types of mentors such as peer, professional, and
personal mentors (Dean 2009). Research on STEM men-
toring of Native American students by non-STEM Native
American adults is lacking. This mentoring model could be
viewed as a “peer” mentoring model in that both mentor
and mentee are learning STEM together. Yet could also be
considered a “traditional mentoring model” given that the
adult Native American mentor is senior to the mentee and
is a respected and caring adult.

Informal Science Education Experiences

According to the US Congress Diversity and Innovation
Caucuses’ 8-point policy agenda (2008), out-of-school
STEM activities (i.e., informal science education) are an
important strategy for increasing diversity in STEM. One
of the group’s eight recommendations includes ensuring
that students in high-need populations have access to
hands-on laboratory experiences and informal learning
opportunities that have been shown to increase interest and
academic performance in STEM (U.S. Congress 2008).
Programs which incorporate intensive out-of-school sci-
ence activities and experiences are known to spark interest
in STEM, develop students’ understanding of STEM, and
increase the possibility of students’ commitment to pursue
a career in STEM-related fields (National Research
Council 2009).

Out-of-class activities offer students the opportunity to
learn in a safe environment without fear of failure like in
the classroom (PCAST 2010). Studies indicate that con-
necting out-of-school activities to in-school learning
objectives is an effective way to increase self-efficacy as
well as to improve overall learning and interests (Moore
and Sandholtz 1999). Research also shows that out-of-
school experiences are especially important for students
who may be discouraged by school science or those who
feel less skilled or have self-defined themselves as “not
interested” in science. Often, these students are females
and/or are from minority communities (Bouillion and
Gomez 2001).

Theoretical Framework: Funds of Knowledge

When working with minority ethnic groups and specifically
Native Americans, culturally relevant theoretical frame-
works, such as Funds of Knowledge (FK), are called for.
FK is defined as the historically accumulated and culturally
developed bodies of knowledge and skills essential for
household or individual functioning and well-being. FK is
based on the premise that learning is mediated by social
contexts, that is, social relations, practices, and artifacts
that comprise human experience (Spear Ellinwood 2009).
These social contexts are critical to in- and out-of-school

learning by students from the non-dominant cultures
(Gonzalez and Moll 2001; Gonzalez et al. 2005b). Elabo-
rating on the significance of local context and geography to
Native students’ academic success, scholars call for
embracing ways in which Native worldviews coexist with
Western paradigms with regard to the interconnections
among peoples and with nature (Deloria and Wildcat 2001;
Jacobs and Reyhner 2002). Furthermore, through the
inclusion of mentoring relationships and out-of-school
activities within the FK framework, a supportive link
between traditionally marginalized funds of knowledge and
academic funds of knowledge is made—contributing to the
understanding how science learning involves learning to
negotiate multiple texts, discourses, and knowledge (Cal-
abrese Barton and Tan 2009).

Research findings from educational practices framed by
FK have evidenced positive results in a number of areas
including math education (Andrade et al. 2001; Ayers et al.
2001; Civil and Andrade 2002; Gonzalez et al.
2001, 2005a). FK assists educators, mentors, and other
caring adults in identifying, documenting, and building on
the “hidden resources” found in the lifeworld of students
for the purpose of helping them contextualize problems for
ease of learning. By identifying students’ “hidden resour-
ces,” those working with students increase their under-
standing of students’ diverse cultural and linguistic
backgrounds. With this knowledge, they are better able to
facilitate learning activities that respond to the cultural,
familial, and social strengths and interests of their students
and/or mentees. This type of praxis also supports individual
learning styles within a framework of expectation for
success and challenges societal expectations of underper-
forming schools and minority students’ capabilities.

For Native American students living in southern Ari-
zona, there is a gravitational pull to the home and com-
munity. Research indicates that parents and other family
members of Native American students do not want their
children to leave home, or if they do leave for educational
advancement, they are expected to return to the community
or reservation (Stevens et al. 2010). Thus, a focus on
exposing Native American students to local STEM edu-
cational experiences and local STEM industries is critical
for increasing Native American students’ interest and
success in STEM fields and careers. Using local places and
FK to explore what students know about STEM and STEM
education can bring relevance to the science subject under
study. For example, when iSTEM’s module on solar energy
is facilitated, students can be asked about how the sun and
heat of the southwest desert impact their ways of living,
how their ancestors adapted to the intense heat of the
desert, how water levels have changed over time, and how
the sun has been used as an energy source (Gomez et al.
2015). Encouraging students to discuss these topics with
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family and friends is a way of fostering community interest
and honoring familial funds of knowledge.

The iSTEM Project

The iSTEM project was funded by the National Science
Foundation in 2012. It is a collaboration between the
University of Arizona (UA), StrengthBuilding Partners (a
youth mentoring program), the Pascua Yaqui Tribe, and
public schools that predominately serve Native American
and Latino youth. Using the FK framework, the iSTEM
research design is based on the contention that a synergistic
hybrid program combining two strategic approaches (in-
school mentoring with out-of-school informal science
education experiences) would be successful in engaging
and retaining 3rd-8th grade Native American students in
STEM education. This age/grade range was selected based
on STEM literature that suggests that engaging elementary
and middle school students has the greatest impact on
closing the STEM educational gap (National Science
Board 2010) and engaging these young students is critical
in preparing them for relevant high school courses that then
allows them to pursue a STEM career in post-secondary
education (President’s Council of Advisors on Science and
Technology (PCAST) 2010).

The public schools that sponsored iSTEM are predom-
inantly attended by Native American and Hispanic/Latino
students living near the USA-Mexico border. Originally,
the project included two schools: an intermediate school
serving 3rd-5th grade students and a traditional middle
school serving 6th—8th grade students. The intermediate
school expanded to include 6th—8th grades in the project’s
third year. A third school, also a traditional middle school,
was later included when budget cuts resulted in the closure
of the original middle school and the majority of the stu-
dents were transferred to the new school. iSTEM partici-
pants who transferred to the new school have difficulties
adjusting to the new school and participation in the iSTEM
dropped at this school, in part, due to students at the new
school viewing iSTEM as a remedial mentoring program
for underperforming students.

The selection of STEM topics for the iSTEM program
was based on the four Grand Challenges for Engineering
themes: (1) Energy and Environment, (2) Health, (3)
Security, and (4) Learning and Computation (National
Academy of Engineering 2009). Five themed modules per
year (e.g., solar energy, global positioning system), each
facilitated over a 2-month period, were developed and
implemented. In-school “flash STEM” activities are
completed by mentors/mentees during the students’ lunch
periods and aligned with informal out-of-school experi-
ences on the same topic. The content of the iSTEM activ-
ities is related to real-world application specifically attuned
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to Native American culture and ways of learning as well as
the context and geography of southern Arizona. All iSTEM
project activities are theory driven based on a Funds of
Knowledge theoretical framework.

In-School Activities

Unlike many mentorship programs that occur outside of the
traditional school day (generally as after-school programs),
the flash STEM activities were integrated into the school
day and took place during the student—mentee’s lunch hour
every other week. Choosing to schedule these activities
during the school day was a strategic decision based on the
personal circumstances of the targeted student population.
The majority of students who participate in this program
live in rural locations, a significant distance from the
schools they attend. Many of the students’ families do not
have vehicles, and for those that do the driving, distance to
and from the schools is too time-consuming and costly.
Thus, the only reliable transportation to and from schools
for the students is the school bus service. Scheduling flash
STEM activities during the school lunch periods provided
an opportunity to integrate these supplemental activities
into the traditional school day and bypass transportation-
related challenges.

Given time constraints at lunchtime, the in-school flash
STEM activities are designed to last about 20 min and to
be easy enough for the mentor to engage the mentee during
completion of the activity (Gomez et al. 2015). Themed
activities are prepackaged for the mentor and student
mentee, requiring minimal setup or the need to review
instructions. The activities are also designed to feel less
like “schoolwork.” In particular, they are facilitated in a
relaxed atmosphere—a designated, non-traditional class-
room space in each of the schools, are “hands-on,” and aim
to be as fun as they are educational. For the majority of
activities, iSTEM staff are present to assist in a supportive
role (e.g., with setting up the activities). For activities that
require a higher level of background knowledge or exper-
tise (e.g., GPS device-based activities), iSTEM staff play a
larger role and more directly facilitate the activities
between the mentees and mentors. The intent, however, is
that the activities are self-paced, easy to follow, and
focused on the module theme (e.g., solar energy, GPS). For
example, making a solar bracelet is a pre-packaged flash
STEM activity facilitated during the solar energy-themed
module. Materials include an assortment of white solar
beads and multi-colored pipe cleaners for making the solar
bead bracelet. Sunglasses and other objects are used to test
the intensity of the sun in changing the color of the beads
from UV exposure. Students enjoy making the bracelet and
are able to demonstrate and tell others about the principles
of solar energy.
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Every other week, “non-STEM activities” are built into
the schedule to help facilitate a personal connection
between the mentor and mentee by allowing them to
choose their own activity—typically mutually held inter-
ests and hobbies—which may or may not be STEM related.
The mentoring classrooms at the partnering schools are
equipped with various materials that mentors and mentees
can use during this time including a number of games,
puzzles, art supplies, and various other activity items as
well as activities associated with each of STEM-themed
modules.

Field Trips

The iSTEM field trips were designed to directly relate to the
modular themes students focused on during the flash STEM
activities. During year 1, the five modular themes included:
(1) solar energy; (2) optics; (3) flight and motion; (4) GPS;
and (5) astronomy. Associated field trips included solar
robotics at the UA College of Engineering, station explo-
ration at the UA Flandrau Science Center, the Pima Air and
Space Museum, GPS scavenger hunt at the partnering
schools, and the UA Planetarium and a star party led by
UA’s student astronomy club. Year 2’s modular themes
offered (1) solar energy; (2) mapping and GIS; (3) space,
earth and soils; (4) watershed; and (5) ecology. Field trips
included solar robotics at the UA College of Engineering,
GIS mapping activities on the UA campus mall, soil
activities at the UA Agriculture Center, Sweetwater Wet-
lands and water treatment plant, Arizona-Sonora Desert
Museum, and UA Science Sky School on Mt. Lemmon. At
the start of the program, field trips were held at the end of
the themed module, but the timing of the field trips shifted
depending on availability at the field trip sites. Field trips
that began a new unit or that occurred midway through a
module contributed to mentee excitement in participating
in the activities, while field trips that occurred at the end of
the module provided a wrap-up. Field trips were facilitated
on Saturdays. A chartered bus met the students at the
schools, and given that many families lacked transporta-
tion, project staff also provided a shuttle service to and
from home to the chartered bus for students without
transportation.

To understand the impact of iSTEM, a theoretical and
culturally driven hybrid program that combined mentoring
with informal science activities, this study asks the fol-
lowing evaluation questions: (1) What was the level of
student mentee enrollment and retention in iSTEM? (2)
What was the level of mentor participation and retention in
ISTEM? (3) What outcomes were evidenced for mentees’
(a) science beliefs, (b) satisfaction with the iSTEM (per-
ceptions of their mentors; engagement in activities), and
(c) school-related indicators?

Methods

Mentor and Student Mentee Recruitment
and Expectations

Mentors

Mentors are recruited through a partnership team com-
prised of tribal members and tribal employees, school
personnel, and iSTEM program staff; through outreach to
UA colleges and departments; and through outreach to
local STEM companies. iSTEM staff contact potential
mentors and provide program information including men-
tor expectations: (1) a commitment of at least one aca-
demic year; (2) attending five field trips per year; and (3)
participating with their mentee in the in-school lunchtime
activities once a week. The mentors are expected to func-
tion as a reliable adult who is genuinely interested in the
overall well-being of their mentee as well as a person who
can inspire STEM learning. Mentors do not need to be
STEM experts, rather all levels of STEM knowledge are
welcome as long as mentors are enthusiastic about STEM.

If the person agrees to serve as a mentor, they are screened
and assessed by staff employed by StrengthBuilding Part-
ners, a local nonprofit agency that has expertise in providing
mentoring programs (www.strengthbuilding.org/). Mentor
screening includes fingerprinting and background checks, as
well as an initial interview that incorporates an instrument
for assessing a range of human intelligences: logical-math-
ematical, linguistic, musical, spatial, bodily kinesthetic,
interpersonal, intrapersonal (e.g., multiple intelligence;
Gardner and Hatch 1989). Results of this assessment inform
mentor and student mentee matching. Once completed,
mentors are then provided mentor training also through
StrengthBuilding Partners. The 3-hour initial mentor train-
ing includes mentor expectations; basics of mentoring;
mentoring research; school and iSTEM program rules; and
practical information such as sign-in logs, location of
room/materials, contact information, and communication
expectations. Ongoing training is available on various
mentoring topics. Neither mentors nor student mentees were
compensated for their involvement in iSTEM. However, the
flash STEM activity materials as well as paid entrance fees
and lunch for the informal science field trips were provided
by the project.

Student Mentees
Students are eligible for iSTEM if they attend one of the
partnering schools and are in grades 3—8. Recruitment and

enrollment occurs throughout the school year via flyers,
word of mouth, and teacher referral. Some students
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participated in StrengthBuilding Partners non-STEM
mentoring program prior to iSTEM, while others joined
because they were interested in the iSTEM activities.
Interested students are interviewed to ascertain their
interest in the iSTEM program and are assessed (e.g.,
multiple intelligences) to inform mentor matching.
Expectations are communicated to the student and include
(1) a commitment of at least one academic year; (2)
attending the five field trips per year; and (3) participating
with their mentor in the in-school lunchtime activities once
a week. Parents or guardians then complete the permission
paperwork, and the student completes an iSTEM evaluation
pre-survey, before being placed on the waitlist or being
paired with a mentor.

Data Sources and Data Collection

The iSTEM evaluation is conducted by an external evalu-
ation team which works closely with project staff to
coordinate the evaluation activities. The iSTEM evaluation
employs a mixed-methods design and includes a two-step
(formative and outcome) evaluation. While student men-
tees are the focus of the iSTEM project evaluation, the
perspective of the mentors is also obtained through mentor/
student mentee observations and end-of-the-year surveys.

Prior to implementation of the iSTEM program, and on
an annual basis, the evaluation protocols and assessments
were reviewed and approved by the UA Human Subjects
Institutional Review Board. Additional reviews and
approvals were conducted by UA’s Native American
Studies department head and the local school district
research board. Prior to enrollment into the iSTEM project,
students are required to have parental consent as well as
provide their own assent to participate in the program and
the evaluation component. Once the program coordinator
for the mentoring program receives all completed paper-
work, the student mentee meets with an evaluation staff to
engage in the evaluation component of the project. Eval-
uation staff read the evaluation survey to students at their
request (typically 3rd—4th graders) with 5th—8th graders
choosing to complete the survey alone. Student mentee
tracking and assessments include.

Student Mentee Waitlist, Participation Tracking,
and Retention

After student mentees complete and return the enrollment
paperwork, they are placed on a waitlist due to a higher
number of students interested in participating in iSTEM
compared to the number of committed mentors. This
waitlist is maintained by StrengthBuilding Partners. Once
enrolled in the project, the level of participation in iSTEM
is tracked by the evaluation team through sign-in logs
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located in the iSTEM room at each of the schools. Reten-
tion of student mentees (e.g., number of years) in the
iSTEM project is also tracked by the evaluation team.

Student Mentee Pre- and Post-program Beliefs Survey

Given our unique informal, hybrid program, the evaluation
team identified a variety of available instruments to mea-
sure student changes in science and math attitudes, and
interest in STEM activities and careers. No single survey
met the needs of assessing change in our students based on
the types of activities. Thus, survey items were drawn from
many of the measures identified. At the beginning and end
of each academic year, the pre- and post-surveys assess
beliefs about school belonging, the importance of science
and mathematics and of doing well in these subjects,
interest in STEM activities, books, TV programs, and
intention to pursue higher education, particularly in a
STEM field of interest. The survey is completed by the
mentees independently or with the assistance of the eval-
uation team (e.g., reading the questions to the student
mentees). About two-thirds of students spent more than
6 months from their pre- to posttest, while one-third had
five or fewer months between the two tests. Eight students
joined in April prior to a May posttest. The survey is
comprised of items from the following surveys: iSTEM
School and Career Interest Survey (Kier et al. 2013);
STEM Semantics Survey (Tyler-Wood et al. 2010); Sci-
ence Curiosity Scale (Harty and Beall 1984); Sense of
School Membership (Goodenow 1993); Hemingway Mea-
sure of Adolescent Connectedness (Karcher and Sass
2010); Frequency of Hands-On Experimentation and Stu-
dent Attitudes Toward Science (Ornstein 2006); and
Modified ATSI (Weinburgh and Steele 2000). Cronbach’s
alpha reliability for the 39 items is .868. A factor analysis
of the items found that all items loaded on a single factor
explaining 59 % of the variance. A second factor explained
an additional 8 % and included items related to partici-
pating and enjoying science outside of school, including
their family encouraging them to participate in science.

Student Mentee End-of-Year Follow-Up Survey Regarding
Their Mentor

A final data collection instrument is administered to student
mentees about their mentor and the mentoring experience.
Items included relational aspects about the mentor (i.e.,
feeling excitement, importance, or special), participation in
activities and field trips, time spent with mentor, and
mentor’s interest in student mentees’ activities, advice
giving, and mentor’s visits. Items on the student mentee
survey were modified and included items from: “Measur-
ing the Quality of Mentor-Youth Relationships” (Jucovy
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2002), as well as project-specific items regarding field trips
and the iSTEM mentor. Cronbach’s alpha reliability for the
18 items is .925.

Mentor End-of-Year Follow-Up Survey Regarding Their
Student Mentee

Mentors completed the same set of questions presented to
student mentees with the exception of an open-ended
question allowing the mentor to provide additional infor-
mation. In this study, several open-ended responses are
included in the results section. The survey results will be
presented in a future article about mentors.

Student Mentee/Mentor Observations

The third author notified and received permission from the
International Center for Leadership in Education to use the
Student Engagement Walkthrough Checklist (Jones 2009)
to record observational data. A member of the evaluation
team observes and scores the engagement checklist as the
mentor/student mentee pair engages in iSTEM activities.
The observational engagement checklist assists in captur-
ing data on positive body language, consistent focus, verbal
participation, student confidence, and fun and excitement.
The scale for rating ranged from very high to very low.
Pairs were observed from 10 to 30 min at a time, and the
timing of the observation could occur in the first 10 min,
the middle 10 min, or the last 10 min of an activity. The
time block was also recorded to provide additional context
for the observation (i.e., reading instructions at the begin-
ning or the early stages of the project look differently than
at the culmination of the activity). Similarly, the level of
engagement with the mentor can appear different from the
beginning to the end, thus noting the time of observation
provides this additional context to make inferences from
the data. The second set of five items in the checklist
measures individual attention, clarity of learning, mean-
ingfulness of the work, performance orientation, and rig-
orous thinking. Cronbach’s alpha reliability for the ten
items was .938.

Student Mentee Report Card Data

At the end of each academic year, copies of each student
mentee’s report card are provided to the evaluation team by
school staff. Science and mathematics quarterly grades as
well as school absences are then recorded in the evaluation
database.

Data from the measures described above are used to
assess: the level of student mentee enrollment and retention
in iSTEM,; the level of mentor participation and retention in
iSTEM; and outcomes evidenced for mentee’s (a) science

beliefs, (b) satisfaction with iSTEM (perceptions of their
mentors, engagement in activities), and (c) school-related
indicators. While absences and grades were not intended
outcomes of the program, the results are included as indi-
rect changes associated with participation in iSTEM.

Results
Results of Student Mentee Engagement
Student Mentee Engagement and Demographics

During all 3 years of the iSTEM project, there was a
waitlist for student mentees with the waitlist more than
doubling in year three compared to year one. The waitlist
was eventually capped at 30 students. During the 3 years of
the program, a total of 78 students participated, with 12
students completing all 3 years, 31 students participating
for 2 years, and 35 students joining for 1 year. At the start
of year two, 22 of the original 37 students enrolled in year
one continued in year two. After year one, eight students
graduated 8th grade and two students left the school. Five
students decided not to continue in the program during year
two. Furthermore, the middle school was closed after year
one due to district restructuring; the middle school selected
to receive the majority of students from the closed school
participated in years two and three. From year two to year
three, 33 students returned and eight new students were
added. A total of 14 students graduated from 8th grade, and
9 students dropped from the program. Table 1 shows the
grade level of students for all 3 years. Table 2 shows the
gender and ethnicity of the repeat mentees and mentors for
the 3 years, while Table 3 provides the number of mentors
for each mentor type. During the 3 years of the project,
iSTEM enrolled 76 % female students and 96 % under-
represented minority students. The female student mentees
in the program especially enjoyed hanging out in the
iSTEM room, sometimes completing activities a second
time even without their mentor. Female student mentees
also recruited other girls to become participants through
word of mouth more so than male students.

Results of Mentor Engagement

When proposing the iSTEM project, we expected to engage
a total of 60 mentors over the 3-year period: 30 Pascua
Yaqui Native mentors, 15 STEM professional mentors, and
15 university student mentors. As detailed in Table 3, the
final number for each mentor group was 26 Pascua Yaqui
Native mentors, 6 STEM professionals, and 13 university
student mentors. Recruitment of mentors who could com-
mit to once a week meetings presented challenges due to
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Table 1 Grade level of students

Year Intermediate Middle Year Intermediate Middle Year Intermediate Middle
1 3rd-8th 6th—8th 2 3rd-8th 6th—8th 3 3rd-8th 6th—8th
3rd 1 X 3rd X 3rd 0 X
4th 4 X 4th 8 X 4th 4 X
5th 9 X 5th 13 X 5th 8 X
6th 4 2 6th 4 6th 9 2
7th 2 7 7th 3 7th 5 8
8th 0 8 8th 9 8th 3 2
Total 20 17 Total 40 16 Total 29 12
Table 2 Number of repeat students and mentors by gender and ethnicity

Students—2 years Students—3 years Total Mentors—2 years Mentors—3 years Total
Female 17 26 10 9 19
Male 4 5 2 7
Total 21 12 33 15 11 26
Native American 17 11 28 8 6 14
Hispanic 4 0 4 0 1 1
All other ethnicities 0 1 1 7 4 11
Total 21 12 33 15 11 26

Table 3 Mentor types

Pascua Yaqui Native community member

STEM professional University student

26

6 13

the distance to the schools in the middle of the workday as
required for the in-school lunchtime flash STEM activities.
Distance to the schools was typically not an issue for tribal
employees and tribal community members. However, dis-
tance and lack of transportation was initially problematic
for university mentors until project staff began providing
transportation to and from the university. Recruitment of
STEM professionals presented the greatest obstacle to
participation with the distance to the schools (on average a
25-min drive) being a major barrier.

Each year approximately 360 school visits were made
by Native mentors (45.55 %), followed by university stu-
dents (30.86 %) and STEM professionals (25.41 %).
However, considering the numbers of mentors for each
type in the program, STEM professionals reported the most
frequent visits. The six STEM professionals had an average
of 16.6 visits; the 26 tribal members had an average of 8.5
visits, and the 13 university students had an average of 12.8
visits. Table 4 shows that the STEM professionals had a
higher percentage of their visits (42.17 %) being iSTEM
related; the university students had 32.17 %, and the
Native mentors had 16.15 % of their visits as iSTEM
related. The overall total percentage of visits conducting
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iSTEM activities was 27.30 %. Most of the iSTEM activi-
ties were accomplished in 20-30 min. Times were calcu-
lated based on mentor sign-in attendance. STEM
professionals and university students spent more time (30
and 26 min, respectively) with their mentee, with Native
mentors spending just over 17 min.

Results of Student Mentee Beliefs About Science,
Satisfaction with iSTEM, and School-Related
Variables

Student Mentee Beliefs About Science

When comparing pre- to post-survey results for all student
mentees (62 students) across the 3 years, there is a decline
in mean scores for many of the 39 items in the survey;
however, when analyzing data for the 28 students that
indicated wanting to have a career in science (36 % of total
iSTEM population), the items show positive or
stable growth for most items. Of the 28 students, 71 % are
female, which closely resembles the sample distribution.
Table 5 includes a sample of items from the beliefs survey
showing the pre- to post-gains for these students. The final
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Table 4 Average number of visits by mentors to schools during lunch

Number of Average number Average number % of contacts being
mentors of total contacts of iSTEM contacts iSTEM related

STEM professionals 5 16.6 7.0 42.17

Pascua Yaqui Native community member 19 8.5 1.4 16.15

University student 9 12.8 4.1 32.17

Grand total 33 10.9 3.0 27.30

Contact time does not include field trips since mentors and mentees vary in attendance

Table 5 Student beliefs survey for students interested in science careers

Pre-mean (SD) Post-mean (SD) T test P value

Student survey items (N = 28)
Students enjoy being at school 4.25 (.701) 3.64 (1.394) 2.258 .032%
Students believe doing well in school will help them in the future 4.07 (.858) 4.36 (.951) —1.441 161
I would like to listen to scientists talk about their jobs 4.25 (.844) 4.25 (1.076) .000 1.00
I am interested in seeing scientists work in their labs 4.39 (.786) 4.18 (1.188) 844 406
I enjoy science-related activities at school 4.14 (1.008) 4.43 (.790) —1.162 255
Science will be useful for my work in the future 4.25 (1.110) 4.36 (.951) —.385 704
For me, being good at science is important 4.21 (.738) 4.43 (.690) —1.140 264
I would like to have a career in science 4.18 (1.124) 4.50 (.509) —1.396 174
I am able to understand topics in science and technology 4.11 (.892) 4.15 (1.167) —.128 .899
Math will be useful for my work in the future 4.25 (.844) 4.61 (.497) —2.073 .048%*
For me, being good in math is important 4.36 (.826) 4.43 (.790) —.338 7138
I enjoy talking about science with my friends 4.04 (1.105) 4.07 (1.245) —.143 .887
My family is interested in the science courses I take 3.75 (1.143) 3.61 (1.423) 420 .678
My family has encouraged me to study science 3.79 (1.228) 3.82 (1.307) —.103 919

Middle school students only (N = 10)
I will attend a college 4.80 (.422) 4.80 (.422) .000 1.000
I will graduate with a college degree in a science-related field 4.60 (.516) 4.70 (.675) —.429 .678
I will get a job in a science-related field 4.00 (1.054) 4.00 (1.155) .000 1.000
A career in science would allow me to work with others in meaningful ways 4.10 (.994) 4.20 (1.103) —.318 758
Scientists make a difference in the world 4.50 (.707) 4.50 (.972) .000 1.000
Having a career in science would be challenging 3.80 (1.398) 4.40 (.843) —1.032 .329

six items are asked only of middle school students in regard
to college attendance and jobs in science; there were ten
middle school students of the 28 who were strongly
interested in STEM with pre- to post-data finding same pre-
to post-mean scores or slight increases.

Specific items showing an increase include doing well in
school, having a career in science, enjoying science
activities at school, the importance of math and science for
their future, doing well in math and science, encourage-
ment by their family to study science, and talking with
friends about science. All student mentees maintained a
consistent response for attending college with a slight
increase for graduating college with a science degree and

contributing to science in a meaningful way. The inability
to collect end-of-year data from all 78 student mentees
precluded a full analysis; thus, analyses include only stu-
dent mentees completing both pre- and post-surveys.

Student Mentee Satisfaction

Student mentees rated their mentors on items such as
feeling excited, relaxed, and special when with their
mentor, having fun participating in the activities, enjoying
field trips, and trusting their mentor’s advice. Given that
differences between mentor type is the focus of a forth-
coming manuscript, the scores listed in the Table 6 include

@ Springer



956

J Sci Educ Technol (2016) 25:947-960

Table 6 Mentee perceptions about their mentor

Mentoring items Mean Year 1 Mean Year 2 Mean Year 3 Average
N=26 N=16 N=17
1. When I am with my mentor, I feel excited 4.23 4.06 3.82 4.15
2. When I'm with my mentor, I feel important 4.19 3.81 3.88 4.00
3. When I’'m with my mentor, I feel relaxed 3.77 3.94 3.71 3.86
4. When I am with my mentor, I feel special 4.28 3.94 3.35 4.11
5. When I’'m with my mentor, I feel bored (n) 1.72 2.25 1.94 1.99
6. My mentor makes science interesting 3.69 3.38 3.12 3.54
7. My mentor presents material in a clear way 3.88 3.63 3.29 3.71
8. It’s fun to do iSTEM activities with my mentor 4.44 4.06 3.88 4.25
9. I enjoyed the iSTEM field trips because I got to spend more time with my mentor 4.17 3.80 3.65 3.83
10. My mentor supports my interest in STEM activities 4.23 4.40 3.82 4.32
11. My mentor encourages me to try to do my best 4.60 4.44 4.18 4.52
12. My mentor is interested in my ideas 4.38 4.44 3.94 441
13. I wish my mentor asked me more about what I think 3.23 3.38 2.94 3.31
14. When my mentor gives me advice, it makes me feel stupid () 2.04 2.63 1.71 2.34
15. I trust my mentor’s advice 4.31 4.31 3.88 4.31
16. My mentor usually visits on the days they say they will 4.04 4.00 3.71 4.02
17. 1 would like to spend more time with my mentor 4.35 3.93 3.53 4.00
18. I hope my mentor will come back next year 431 4.44 3.53 4.07

Table 7 Comparison of mentee and mentor responses to year-end survey

Mentee questions

Mentee Mentor

Mentor questions

W N =

O 00 N N L A

. When I am with my mentor, I feel excited

. When I’'m with my mentor, I feel important

. When I'm with my mentor, I feel relaxed

. When I am with my mentor, I feel special

. When I'm with my mentor, I feel bored

. My mentor makes science interesting

. My mentor presents material in a clear way

. It’s fun to do iSTEM activities with my mentor

. I enjoyed the iSTEM field trips because I got to spend more

time with my mentor

10. My mentor supports my interest in STEM activities

11. My mentor encourages me to try to do my best

12. My mentor is interested in my ideas

13. T wish my mentor asked me more about what I think

14. When my mentor gives me advice, it makes me feel stupid

15. I trust my mentor’s advice

16. My mentor usually visits on the days they say they will

17. I would like to spend more time with my mentor

18. I hope my mentor will come back next year

4.15
4.00
3.86
4.11
1.99
3.54
3.71
4.25
3.83

4.32
4.52
4.41
3.31
2.34
4.31
4.02
4.00

4.07

3.74
4.30
4.19
4.16
2.19
3.47
3.71
4.08
3.36

4.21
4.42
3.98
3.83
3.72
3.62
4.00
3.96

3.84

. My mentee is excited when I show up
. I put in effort to make my mentee feel important
. I put in effort to make my mentee feel relaxed

. I put in effort to make my mentee feel special

1
2
3
4
5. My mentee looks bored when they are with me
6. I make science interesting for my mentee

7.1 explain the activities to my mentee so they understand it
8. The iSTEM activities are fun to do with my mentee

9

. I enjoyed the longer time I spent with my mentee during
the iSTEM field trips

10. I support my mentee’s interest in iSTEM activities
11. I encourage my mentee to do their best

12. My mentee thinks of interesting ideas

13. I regularly asked my mentee about what they thought
14. I try and give my mentee advice when needed

15. I think my mentee trusts my advice

16. I usually visit my mentee when I say I will

17. 1 would like to spend more time with my mentee if time
allowed

18. I will continue to mentor my mentee next year

the average across all student mentees completing the post-
only survey regardless of mentor types. Note that the
sample size varies each year based on number of students

@ Springer

completing the survey. During the first 2 years of the
project, mentors were consistent in their attendance and in
their enthusiasm to work with the student mentees;
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Table 8 Student engagement walkthrough checklist

Positive body language 4.5
Consistent focus 4.5
Verbal participation 43
Student confidence 4.2
Fun and excitement 4.4
Individual attention 4.5
Clarity of learning 3.8
Meaningfulness of the work 4.0
Rigorous thinking 3.7
Performance orientation 4.1

however, by the third year, some of the student mentees
who were less interested in pursuing a science career pre-
ferred to play games or talk with their mentors instead of
completing iSTEM activities. Those interested in STEM
persisted in their engagement with the iSTEM activities
with their mentor. In addition, questions asking about the
mentor returning or spending more time decreased in the
third year since students knew the program might be end-
ing. The Likert scale represented 1 as strongly disagree to 5
as strongly agree. Two items are negatively worded as
noted by the “n” in parentheses following the question
(items 5 and 14). These items score closer to the opposing
scale of 1, representing strongly disagree.

Data from student mentees confirmed their satisfaction
with the program as does the retention data for both
mentors and student mentees. Satisfaction with the men-
toring experience rated very highly. For example, across
the 3 years, students rated the statement: “It’s fun to do
iSTEM activities with my mentor” as a 4.25 (out of 5.0).
Mentors did an exceptional job engaging the mentee in the
activity by explaining the task or demonstrating the
activity. In some of the modules (i.e., GPS tracking), a staff
member facilitated the activity due to borrowed equipment
from the UA. Some of the mentors particularly enjoyed
these facilitated sessions, which typically contained chal-
lenging or unfamiliar science material. Mentors were asked
to provide feedback about the iSTEM through a survey
containing the same questions as the student mentees.
Table 7 shows a comparison of mentor and mentee mean
scores across all 3 years.

Observational data served as the hallmark of program
evaluation and allowed assessment of the mentee and
mentor while engaged in the iSTEM activity or field trip.
The use of the Student Engagement Walkthrough Checklist
(Jones 2009) allowed for iSTEM activities to be coded by a
member of the evaluation team. Ratings of iSTEM activi-
ties (presented in Table 8) exceeded a 4.0 (out of 5.0) on
eight of ten items. The first five items were included for
every observation; while the latter five were included when

the evaluator could both hear and observe the interaction
with complete clarity. Positive body language and consis-
tent focus both received the highest score (4.5), while
student confidence scored the lowest (4.2). The second five
items from the checklist were not completed for every
observation given the challenging nature of the items and
the ability to observe and/or hear during 10-15 min of
observation to assess these items with accuracy (e.g., rig-
orous thinking 3.7 and clarity of learning 3.8). These items
are left blank and a comment added for the evaluation
session that items within the observation checklist were not
observed.

School-Related Variables

Rates of absenteeism for iSTEM mentees decreased from
an average of 16 days to 9 days from the year prior to
iSTEM to the completion of year one for elementary school
students and 30 days to 9 days on average for middle
school students. During the third year (2014-2015), the
average absence was 11 days for elementary and 23 days
for the middle school students. In part, the increase to 23
absent days for middle school students in year 3 was due to
students who changed schools when their school closed.
These students did not want to change schools, students at
the receiving school were generally unwelcoming, and the
distance to the new school was an additional 7 miles of
travel. Science and mathematics grades stayed the same or
improved for mentees with most mentees passing science
and about two-thirds of students passing mathematics. The
majority of elementary school students were passing both
math and science. At the middle school level, 6th graders
earned the highest grades, and seventh graders had the
lowest grades, with 8th graders rebounding in math and
science to earn mostly As and Bs with an occasional C, D,
or F.

Discussion

Given the low percentage of Native Americans engaged in
STEM education and STEM careers, programs for engag-
ing Native youth in STEM are critical. This study suggests
that using a culturally relevant theoretical model and
approach to STEM including a hybrid model may result in
increased engagement and interest in STEM, as noted by
the number of participants each year and those on the
waitlist. The program successfully engaged a majority of
females, and almost all students were either Native
American or Hispanic, addressing the underrepresented
minorities in STEM. Outcomes of participants that indi-
cated a preference toward STEM careers resulted in
improvements to those participants’ science beliefs and
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school indicators such as school attendance and grades.
Mixed outcomes were noted for those less interested in
pursuing STEM; however, the introduction to STEM-based
activities may prove beneficial in the long term as students’
mature and pursue new interests.

Of importance to note, at the beginning of the iSTEM
project the two selected schools had been labeled “failing
schools” and one of the two schools closed during the
project period. Historically, many Native American stu-
dents in the southwest USA have experienced intergener-
ational historical trauma and negative school experiences
(Stevens et al. 2015). The boarding school experience of
past generations of Native Americans has resulted in mis-
trust of public education. Thus, having engaging STEM
programs that include and honor the knowledge of Native
Americans is of utmost importance. Partnering with the
Pascua Yaqui Tribe proved extremely beneficial not only
for recruitment of mentors, advisement on science subjects,
but also in terms of identifying what stories and knowledge
can be included and which ones are sacred and are only
allowed for ceremonial purposes.

Using an FK framework has helped guide the project
activities. iSTEM activities related to Native Americans
living in the southwest—including a historical perspective
and current life context—made abstract science concepts
personal. For example, during the module Space, Earth,
and Soils, student mentees and their mentors engaged in
the in-school flash STEM activities and a corresponding
field trip to the UA Agriculture Center learning about
Native Americans’ history of desert southwest farming and
use of rain harvesting and irrigation canals (quite like
today); how air and water move through different soils
(contributing to which crops are effectively grown in the
southwest); soil analysis; how to make edible soil; and
Native American soil (sand) painting; as well as what one
can do with a career in soil science. The inclusion of cul-
turally relevant activities led to greater understanding by
the mentees and the ability to re-teach others, thereby
increasing their self-efficacy and their pride in their culture.
Mentees reported discussing these and other iSTEM mod-
ule topics with family and friends and reported family and
community interest in what they learned.

Perhaps one of the components of the iSTEM project
that contribute to its success is the inclusion of family.
While parents and other family members were not formally
involved in iSTEM, several of the field trips encouraged
family involvement. Not only did many of the parents and
guardians attend some of the field trips, but younger sib-
lings frequently attended—bringing into question the ripple
effect that the iSTEM field trips may have on these younger
children’s STEM interest and engagement. Examples of
family-focused fieldtrips include: the Star Gazing Party
hosted by UA’s Astronomy Club where Astronomy Club
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members provided telescopes to look at planets and con-
stellations along with several additional interactive activi-
ties, and the Mt. Lemmon field trip that brought families to
the top of the local mountain, stopping to observe the
variations of landscape as the elevation increased and
ending at the UA’s Sky Islands headquarters. The focus on
relevant science that is “close to home” and the develop-
ment of a Family STEM Guide that includes information
on STEM education opportunities and science-related
careers in southern Arizona aims to intrigue and capture
the attention of both student mentees and their family
members. More research is needed on how to involve
Native families in STEM education and the impacts of
family involvement on Native American students’
engagement and retention in the STEM educational and
workforce pipeline.

The inclusion of three mentor types to test the benefits
of tribal community members, who typically do not have a
STEM background, as mentors is in need of further
exploration. The number of mentors who are tribal com-
munity members (n = 26) indicates a willingness of tribal
community members to serve as a mentor—above and
beyond STEM professionals (n = 6) and university stu-
dents (n = 13). Further analysis of the iSTEM data needs to
be conducted to examine the level of mentor involvement,
comfort with mentoring, and mentor training needs by
mentor type. Additionally, in some instances, iSTEM
mentees placed on a waitlist for new mentors were paired
with a program staff or “STEM guide” in order to par-
ticipate in the iSTEM activities and field trips. This
approach has potential for success, and further research on
a STEM guide mentoring approach would add to our
understanding of successful approaches to STEM mentor-
ing and engaging and retaining Native American students
in STEM. Additionally, the number of female mentors
(n = 35) compared to male mentors (n = 10) was some-
what surprising; even more surprising is the number of
female mentees (n = 60) compared to male mentees
(n = 18). Why the iSTEM program appealed more to
female mentors and mentees also needs further exploration.

Student mentee enrollment and retention was substantial
and at times overwhelming with a waitlist that had to be
capped at 30 students. Mentor challenges were present with
each mentor type including, for example, recruitment of
STEM professionals and Pascua Yaqui Native members
engaging in limited STEM activities. Overall, however, the
mentor component was successful. Finally, the student
mentees interest and continuation in the program from
year-to-year may be indicative of iSTEM’s success in
maintaining the interest of this population.

Initial results from this study are encouraging, yet sev-
eral study limitations are worth mentioning. While the
evaluation team strived to maintain fidelity in data
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collection, the timing of mentee enrollment into iSTEM at
times compromised the duration of time between pretest to
posttest with one-third of mentees participating for five or
fewer months. Some mentees (n = 10) completed the
pretest in March or April of a school year and then were
expected to complete the posttest by mid-May. This short
duration often failed to result in changes in science beliefs
given the time spent in the program which may have only
included two or three iSTEM activities. In many cases,
mentor recruitment for the school year had ceased; thus,
these students were not paired with a mentor. These
mentees’ interactions occurred with program staff “STEM
guides” facilitating the iSTEM activities. In general, a lack
of full participation in post-data collection resulted in small
sample sizes each year. Different strategies (e.g., timing of
data collection) were used each year in order to gather post-
data from as many students as possible.

Additionally, across the 3 years, many students reported
moderate to high ratings on the pretest, thus creating a
ceiling effect limiting growth by the posttest. In part, these
elevated scores could be due to attracting students already
interested in science and/or students’ attempt to please the
interviewer at the pretest. Moreover, the sensitivity of the
created instrument may limit the ability to detect true
changes in students’ growth, particularly given the other
limitations mentioned. While we did not detect large pre-
to post-changes, we did not generally detect decreases—a
positive result among an age group (3rd-8th grade) and
gender group (mostly female) in which there is typically a
drop in science interest.
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