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Abstract: The North Carolina School of Science and 
Mathematics (NCSSM) offers students a wide variety of 
real-world opportunities to develop 
skills and talent critical for students 
to gain the essential professional and 
personal skills that lead to success 
in science, technology, engineering, 
and mathematics (STEM) careers. 
One of the key avenues available 
to gain research experience is 
the Mentorship Program. This 
program uses a unique pre- and co-
curriculum that guides approximately 
80 students each year to take a 
leading role in setting up and 
executing a research experience 
with professionals and scholars at 
local universities/corporations. The 
Mentorship Program is based entirely 
on students seeking out mentors 
of interest at partner institutions. 
Successful partnerships rely on a 
strong interest and goodwill among 
researchers and professionals to 
mentor as well as the appropriate 
structure and student preparation 
by the partner school. The program 
emphasizes that experiential learning 
is still a “classroom” academic 
program and not just an enrichment 
program, internship, or shadowing experience.

Keywords: STEM, STEM high schools, high school 
research, mentorship, skill and talent development

Introduction
The North Carolina School of 

Science and Mathematics (NCSSM) is a 
public, residential, coeducational high 
school for academically talented juniors 
and seniors with a commitment to 
scholarship. This article highlights both 
the school and its focus on integrating 
academic research experiences into its 
curriculum but focuses on two unique 
aspects of its Research Mentorship 
Program: (a) permitting students to ask 
any researcher in the area to be a 
mentor and (b) designing a 
professional skills curriculum around a 
program where 80 students are 
working on 80 independent research 
projects in dozens of fields of study.

The school was established by the 
North Carolina General Assembly in 
1978 to provide challenging 
educational opportunities for students 
with special interests and potential in 
the sciences and mathematics. The 

school opened in 1980 on the vacated Watts Hospital campus in 
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“
The Mentorship 

prograM 
provides the 

opportunity for 
students to develop 

and practice soft 
skills such as 

resourcefulness, 
teamwork, 

professional 
communication, and 
taking responsibility 

for accomplishing 
desired goals.”
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Durham, North Carolina as the first school of its kind—a public, 
residential high school where students study a specialized 
curriculum emphasizing science and mathematics, without 
neglecting other essential areas of study, such as the humanities 
and the arts. Possibly the most remarkable item of note is that 
students and families pay no tuition, room, books, or board. If 
the student is admitted, it is free.

Today, specialized science, technology, engineering, 
mathematics (STEM) high schools are located across the United 
States. Many are connected together by the National Consortium 
of Secondary STEM Schools. In North Carolina, for example, 119 
of the state’s 358 high schools are identified as having a STEM 
focus (Arshavsky, Corn, Parker, & Stallings, 2011). When an 
institution’s mission is to educate talented students to become 
leaders in STEM fields, as it is at NCSSM, providing students with 
significant research opportunities is a critical component in 
helping fulfill that mission. Research courses at the NCSSM 
provide students with a range of experiences working with 
faculty on campus, or with faculty and professionals at 
corporations or major research universities (Duke University, the 
University of North Carolina [UNC] Chapel Hill, North Carolina 
State University, North Carolina Central University), all of which 
are in close proximity to the school’s campus. Affording students 
significant experiences working with research scientists, 
engineers, software developers, entrepreneurs, and others 
provides not only an opportunity for a different mode of 
learning in producing real results, but it also allows students to 
see firsthand what these professionals do in real-world settings, 
which has been shown to have a positive effect on students 
majoring in STEM disciplines in college (Subotnik & Tai, 2011).

School Background
At its founding (North Carolina General Assembly, 2007), 

NCSSM was envisioned as a catalyst for improving science and 
math educational opportunities and outcomes for students from 
across the state, and was one piece of an ambitious agenda that 
tied improving education in the state to transforming North 
Carolina’s economy. Since its inception, although NCSSM has 
grown in size and has become a constituent institution of the 
UNC system, it has held remarkably true to its original 
legislative intent. The school’s mission is

to educate academically talented students to become 
state, national and global leaders in science, technology, 
engineering and mathematics, advance public education 
in North Carolina, and inspire innovation for the 
betterment of humankind through challenging residential 
and online programs driven by instructional excellence 
and the excitement of discovery. (North Carolina School 
of Science and Math, 2015, para. 1).

NCSSM accomplishes its mission through its residential high 
school program and through its engagement with students, 
teachers, and schools across the state through distance 
education, educational curriculum and content development, 
and professional development services.

Academic Program
NCSSM enrolls 680 residential 11th- and 12th-grade students 

who hail from the mountains to the Atlantic Ocean. During the 
2014-2015 academic year, students enrolled at NCSSM 
represented 90 of North Carolina’s 100 counties.

NCSSM instructors also reach statewide over 350 students 
per year in its online program and another 450 students per 
year via interactive video conference courses. Both virtual 
programs are growing. The school further serves the state 
through the creation and distribution of digital learning 
materials, faculty-led outreach unique to their field of study, and 
sponsorship of competitions and events focused on STEM 
education, including programs for both middle- and high school 
students in the summer.

The residential and distance education curriculum offers 
courses ranging from multivariable calculus and differential 
equations, to organic chemistry and astrophysics, to statistics 
and Advanced Placement (AP) computer science, to AP 
economics and wisdom, revelation, reason, and doubt. Although 
all of the courses offered are rigorous, the hallmark of NCSSM’s 
academic program is facilitating student learning so that 
students not only gain in-depth knowledge within and among 
academic disciplines, but they also learn, through a problem-
based approach, to apply their knowledge to solve real-world 
problems. This approach to teaching and learning can be found 
in classrooms across NCSSM’s academic disciplines and is 
nowhere more evident than in research courses.

Overview of Research at NCSSM
Engaging in the process of research, although not a 

requirement for NCSSM students, is a common activity. Since 
NCSSM began tracking in 2012, an average of 58% of students 
participate in at least one research course or program, where 
they complete an independent research project either 
on-campus or off-campus during their years at NCSSM. NCSSM’s 
2012 Strategic Plan called for further expanding opportunities, 
for students to participate in real-world experiences. Using 
hands-on research experience as a teaching tool, NCSSM 
“students apply what they have learned in the classroom to real-
world problems or unresolved and often ill-defined questions” 
(Temple, Sibley, Orr, & Merkel, 2010). Undergraduate research, 
or in this case extending research to high school students, also 
increases the chances that a student will pursue a degree in a 
STEM field in college (Subotnik, Tai, Rickoff, & Almarode, 2010) 
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and plays a positive role in the career development of students 
engaging in research by inviting students “into the community 
of researchers and scholars as colleagues” (Temple et al., 2010).

Although the above benefits are from studies mainly 
examining undergraduate students, the 2011 annual report of 
the American Association for the Advancement of Science notes,

Research experiences for undergraduates energize 
biology majors to continue majoring in the subject, and 
the effect is stronger for members of minority groups that 
are currently underrepresented in academic science in 
the United States. Interestingly, early participation in 
research (i.e., during the first or second college year) is 
particularly influential [emphasis added]. Students’ 
increased understanding of scientific processes and 
scientific thinking, as well as any gains in confidence in 
their own ability to think like scientists and contribute to 
the field, may enhance their overall ability to learn 
science. If so, then extending some form of biology 
research experience to general education students as well 
as life sciences majors, and offering that experience early 
in students’ college careers, could help to bring about a 
deeper understanding of science for all students. (p. 29)

This study, coupled with the growing body of research 
pointing to the importance of authentic research experiences in 
encouraging students to persist in earning college degrees in 
STEM fields (Subotnik & Tai, 2011), has certainly increased 
interest in providing students with meaningful research 
experiences while in high school, which NCSSM has been doing 
since the 1980s.

Due to the variety of pathways available in NCSSM’s 
residential program for pursuing research, students have 
multiple decisions to make during their junior and senior years 
to identify the best fit for their research desires/needs. Essential 
factors for deciding which pathway is the best fit for each 
student include identifying their discipline of interest (science, 
engineering, computer science, mathematics, humanities/social 
sciences), the extent of the time they wish to dedicate to 
research, their choice of year in which to begin, their preference 
for a research course with open enrollment versus a program 
with a competitive application process, and their personal goals 
for research (see Figure 1).

The first and largest of our research programs at NCSSM, the 
Mentorship Program, is a 2-year application-based program (see  
Table 1) with the course sequence including Explorations in 
Mentorship and Senior Mentorship. When the school opened in 
1980, NCSSM science instructor Dr. Ross Baker saw the wisdom 
of setting up a program where instructors at NCSSM 
collaborated with research scholars and professionals to teach 

students the process of research. During Senior Mentorship, 
students travel to research universities and companies around 
the “Research Triangle” Durham/Raleigh/Chapel Hill area.

Although this article focuses mainly on the Mentorship 
Program, there are many other avenues into research in 
NCSSM’s residential program, including research conducted as 
part of a regular course in the core curriculum such as Aquatic 
Ecology or Biomedical Engineering, and single trimester 
Research Experience (REX) courses. REX courses are an 
excellent option with non-competitive enrollment available to 
all residential students. Currently, five different REX courses 
are offered as single-trimester courses in each core academic 
discipline and can be taken in either a student’s junior or 
senior year. The structure of each course varies according to 

Figure 1. A guide for students exploring options for 
research at NCSSM.
Note. The schematic provides the key aspects a student should 
consider when making decisions about which of the many research 
opportunities at NCSSM best fit students’ needs and interests. 
NCSSM = North Carolina School of Science and Mathematics.
Commitment: How much time and effort do you wish to dedicate to 
research?
Duration: How long do you want to continue your research 
experience?
Discipline: What field of study are you interested in pursuing in your 
research? (Engineering and technology, humanities, mathematics, 
science)
Timing: When would you like to begin engaging in a research 
experience?
Entry: Do you prefer to participate in opportunities without an 
application (non-competitive) or programs with an application 
(competitive)?
Goals: Why do you want to conduct research, and what do you aim 
to accomplish in your research experience?
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the instructor, but essentially consists of group research 
activities with a theme focused on the instructor’s expertise 
and most often provides opportunity for students to directly 
engage in the research process through an independent or 
group project.

For students interested in more intensive research 
opportunities in science, engineering, mathematics, or 
humanities, each of these disciplines offers the opportunity 
to apply for any of the seven Independent Research “R” 
courses where students work on their own projects  
mentored by an NCSSM research instructor. These “R” 
programs are designed for goal-oriented students certain 

about their dedication to engage in research for two to four 
trimesters and their commitment to a specific field of study  
in the early stages of their time at NCSSM. A Summer 
Research Internship Program connects both Online and 
Residential Program students, through a competitive 
application, to work with a project established and defined 
by a partner professional at a nearby university or 
corporation. In this 3- to 5-week summer program, students 
are housed at NCSSM, travel daily to work with their mentor, 
and communicate their work at a Summer Research 
Symposium.

Table 1. The Mentorship Program Course Sequence

Activity Preparation Execution

Junior 
Trimesters 1 

and 2

Junior Trimesters 3 
through summer

Senior Trimester 1 Senior Trimester 2 Senior Trimester 3

Professional 
skills 
instruction

none Explorations in 
mentorship course 
meets 1 to 2 times per 
week

Senior mentorship 
curriculum; minimum 
of 3 hr of in- and out-
of-class instruction 
per week

Senior mentorship 
curriculum; minimum 
of 3 hr of in- and out-
of-class instruction 
per week

Continued 
instruction with 
students requiring 
presentation 
improvements

6 hr of in- and out- of-
class instruction per 
week

Students work toward 
a mini-grant proposal 
of their project.

Students rehearse 
and improve a 
presentation on their 
project

Student Oral 
Presentation 
at Research 
Symposium (8-12 
min)

Program 
logistics

Marketing of 
opportunities

Assist students in mentor 
search; transport 
students to interviews 
with mentors; obtaining 
compliance for minors 
off-campus; planning 
of travel logistics

Management of travel 
logistics; obtaining 
compliance for 
minors off-campus; 
obtaining compliance 
via NCSSM Scientific 
Review Committee

Management of travel 
logistics

Arrangement 
of Research 
Symposium across 
all school research 
programs

Application 
management/ 
selection

Students travel to 
mentor site 2 times 
per week

Students travel to 
mentor site 2 times 
per week

Research 
mentor 
experience

none Students initiate mentor 
search and contact 
(resume, cover email, 
interview skills)

Students execute the 
research process 
with mentor

Students execute the 
research process 
with mentor

Survey students 
and mentors on 
experience

1:1 assistance provided 
for student and mentor 
as needed.

1:1 assistance provided 
for student and 
mentor as needed.

1:1 assistance provided 
for student and 
mentor as needed.

Source. NCSSM = North Carolina School of Science and Mathematics
Note. NCSSM’s Mentorship Program Is Noteworthy in Structuring Programmatic Instruction on Research, Logistical Support, and Building of 
Professional Skills. While NCSSM structures its program on an academic trimester timeline, other schools can implement some activities or 
implement on a different timeline.
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The Mentorship Program: Partnering to 
Provide Real-World Research Opportunities

The Mentorship Program’s uniqueness is derived from its 
mix of more than 80+ volunteer mentors who provide real-
world research opportunities for students, while NCSSM 
instructors provide the instruction necessary for high school 
students to approach research with confidence, 
professionalism, and self-reliance. The local research scholars 
and professionals serve as their research mentors in various 
areas of specialization, whereas the NCSSM instructor focuses 
on developing and guiding students’ professional, 
communication, and foundational research skills. The 
collaborative role of the research mentor in guiding students’ 
projects allows the Mentorship Program to serve more 
students with fewer faculty and provides enhanced access to 

both equipment and resources beyond the scope of the 
NCSSM budget. The students at NCSSM benefit greatly from 
the widely varied opportunities at universities and 
corporations as students meet their own goals.

Uniquely is that students do not choose from a curated list 
of mentors, but instead have the opportunity to identify any 
person of interest from business or academia from the Raleigh, 
Durham, Chapel Hill, and Research Triangle Park area (see  
Figure 2). Students are not restricted to “STEM” topics and can 
pursue any topic of interest. Students take the lead in 
developing a list of choices and contacting the potential mentor; 
the program instructors assist and guide the process. Instructors 
vet the choices to eliminate individuals who have previously 
asked not to participate, manage cases where multiple students 
request the same mentor, and provide opportunity to consider 
past mentors who are willing to mentor again in the student’s 
area of interest. Students benefit from having freedom of choice 
as stated by a current student,

Mentorship is a chance for you to explore what truly 
interests you and what you’re truly passionate about. I 
knew going in that music and neuroscience was a very 
specific field so there wouldn’t be a lot of previous 
research to go off of, but I still pursued it and was 
rewarded in the end with my experience even though it 
wasn’t as ‘safe’ as my second option, cancer signaling 
pathways.

The Mentorship Program Course Sequence

The Mentorship Program is a three-trimester residential 
course (see Table 1). Students apply and are accepted based 
on grades, essay questions pertaining to their curiosity and 
research interests, and recommendations from faculty. The 
preparatory course, Explorations in Mentorship, uses a flipped 
instructional model and focuses on team activities and 
discussions in class, and individual activities and video 
lectures outside class.

Some of the Explorations course assignments (see Table 1) 
are designed to assist students in choosing their area of interest, 
searching for an appropriate mentor, reading and understanding 
the research of their potential mentors, and composing a 
professional resume and cover email to send to potential 
mentors. The focus is on the students’ willingness to take 
ownership of these opportunities by identifying their research 
topics and finding their own research mentor.

If students are successful in both their coursework and 
obtaining a mentor in the Explorations course, they can then 
enroll in Senior Mentorship, in which students leave campus 
two afternoons per week for 21 weeks to meet with their 
mentors and work on their research projects. Senior Mentorship 

Figure 2. Research locations of NCSSM mentorship 
students.
Note. The graph above shows the percentage of mentorship students 
working with mentors at each of the following locations over the 
past 3 years. The large majority of mentorship students are working 
with professionals and scholars at academic institutions. NCSSM = 
North Carolina School of Science and Mathematics.
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instructors closely monitor the students’ experiences and 
progress via bi-weekly small group meetings; individual 
meetings as needed; and a research journal where students 
record their daily research activities, their reflection of that day’s 
experience, and their plan for the next travel date. Senior 
Mentorship students are expected to meet any requirements or 
assignments from their mentor, as well as graded assignments 
for the course. To emphasize that research is a process that can 
continue for years, students are required to create a web-based 
portfolio that contains key assignments for Explorations in 
Mentorship and Senior Mentorship, which they can then forward 
with them to undergraduate school.

This curriculum is informed by 35 years of NCSSM 
mentorship instructors’ experience in addition to curriculum 
shared by NCSSM faculty in other research courses, publications 
of the Council of Undergraduate Research, National Science 
Teacher’s Association STEM Student Research Handbook 
(Harland, 2011), and Entering Research: A Facilitator’s Manual 
(Branchaw, Pfund, & Rediske, 2010),

By relying on volunteer mentors in dozens of differing 
academic and business disciplines, NCSSM cannot require the 
mentor to “teach” any particular skill. The only key 
requirement for the mentor is to provide the student with 
hands-on experience on a research project. NCSSM instructors 
focus on professional skill outcomes that are developed as 
part of the process: (a) curiosity, (b) resourcefulness and 
accepting failure, (c) ownership, (d) professional 
communication, (e) information literacy, (f) collaborative 
work, and (g) real-world awareness.

Outcome: Curiosity

The Mentorship Program provides students a framework to 
develop, challenge, and reinforce their interests given the vast 
freedom in choosing research topics, dependent only on 
securing a mentor. The level of passion a student has for a 
specific topic can be indicative of how dedicated the student 
will be to the overall experience. Allowing students to identify 
and pursue what makes them curious not only adds passion to 
learning, but also can drive the pathway students take in 
education and eventually in their careers. The range of domains 
students have pursued include art history, marine biology, law, 
philosophy, marketing, engineering, astrophysics, psychology, 
pediatrics, and computer science.

In the Explorations course, curiosity is identified by not only 
the topic, but also the methods or approaches taken by 
researchers, referred to as “core skills,” and the settings available 
for research. Via several individual and group activities and 
assessments, students begin to narrow and defend their interest 
or disinterest in specific fields of study, topics, or methods such 
as clinical, fieldwork, computational, laboratory based/

fabrication, reading/analyzing sources, knowledge/visual design, 
and the various settings of a researcher, that is, academic, 
corporate, nonprofit, or governmental. In the second half of 
Explorations, students pursue their curiosity via reading and 
analyzing published research.

During Senior Mentorship students actively pursue their 
curiosity through hands-on research. In that process, students 
learn to communicate through asking questions. One of the 
most common concerns expressed by mentors early in the 
process is that the mentors assume the students are bored 
because the student may not reveal any overtsigns of being 
curious and asking questions. Mentors mistake students’ fear 
for boredom, and it is essential that students identify what it is 
they fear about asking questions. According to Temple et al. 
(2010),

Another challenge is the reluctance of some students to 
ask questions. They labor under the notion that asking 
questions reveals a lack of knowledge they should have. 
Yet not asking questions can cause students to miss out 
on important information they need to continue a project. 
(p. 7)

This preliminary stage of asking questions out of curiosity 
evolves into the more mature stage of being able to think 
critically about their own research and the impact of their 
research on society such that they can share their own research 
findings.

Outcome: Resourcefulness and Accepting Failure

The Mentorship Program model demands that students be 
resourceful and able to address any problems they might 
encounter as their project progresses. Asking for help and 
support, or knowing where to find academic resources can be 
a challenge for the students at NCSSM and for high potential 
students in general (Ryan, Hicks, & Midgley, 1997). The design 
of the Explorations course includes frequent low-stakes 
assessments and assignments that allow students to find their 
own solutions to the problems that came up along the way. 
This preparation is essential for students entering the Senior 
Mentorship course where there is a strong expectation that 
students address challenges independently. For example, in 
the initial stages of research, students often obtain an 
unexpected result and immediately resort to asking their 
mentor, “What should I do now?” As students progress, they 
begin to proactively take steps to answer that question 
themselves by reading relevant literature, discussing with team 
members, and taking time to critically assess the situation so 
that they can bring their own ideas to the mentor while 
seeking further guidance.
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The process of research inherently involves failure and, as 
opposed to the classroom experience, failure in research is not 
only a required part of the process but often failure is what 
leads to success. According to Temple et al. (2010),

Students often think that research should proceed like 
classroom experiences where they do a proscribed set of 
activities and analyze them with already developed 
approaches. Often students become frustrated when they 
get unexpected or disappointing results during research. 
As a result, they try a few things and give up. (p. 8)

Senior Mentorship encourages examining failures as a path 
to success. Ultimately, students progress from asking questions 
for their mentor/NCSSM faculty to answer, to bringing their own 
solutions and answers to the table for feedback. Best said by a 
current student,

You really shouldn’t pursue this program solely for 
college applications. This will take a lot of hard work, 
dedication, and perseverance if you do it right. You’ll 
experience some failures and frustration, but the ‘getting 
up’ will determine your character and successes in 
research.

Outcome: Ownership

Novice researchers are challenged by the necessity to 
drive their own experience. It is difficult for students to take 
ownership for their work in a program where faculty 
carefully guide the students and take responsibility for the 
actions of the experience. Guided experiences are a common 
approach to introducing research. In those experiences, 
students can view failure through the lens that the faculty 
member purposely chose, such as an experience that would 
fail or the faculty may actually provide the excuses for a bad 
experience or fix the failure for the student. When students 
are given the space and freedom to take control of their own 
experience, students begin to grasp that experiential learning 
is a cycle of planning, doing, reflecting, and planning to do it 
again with the new knowledge gained; they are responsible 
for each step in this cycle.

During Senior Mentorship, students summarize any 
problem or challenge they are having with their project, 
mentor, or research experience in their research journals and 
list the solutions they have devised. In alternating weeks, 
students meet in small groups with the senior mentorship 
instructor to discuss their experiences and advocate for any 
help they need with their research experience. Establishing 
ownership by the student requires that instructors often 
answer students’ questions with the response, “I don’t know. 

What do you think you should do?” This forces students to 
accept responsibility for setting their own goals, to drive 
progress on their project, and to accomplish their desired 
outcomes as well as successfully meeting their mentor’s and 
the program’s expectations.

Outcome: Professional Communication

High school students discover the need to communicate 
effectively throughout the college application and interview 
process and will continue to observe the outcomes of effective 
communication throughout their education and careers. The 
Mentorship Program allows students to practice these skills in a 
real-world setting as they market themselves to find a 
prospective mentor, apply appropriate etiquette in their 
professional interactions with their mentor’s team, and 
effectively communicate the findings and impact of their 
research to others.

In the Explorations course, students begin by taking their 
basic resume and modifying it to create a research skills 
resume customized to the interests of a mentor. Students 
practice writing a cover email to recruit a potential mentor. 
The Mentorship instructor meets with each student to evaluate 
his or her written communication. In addition, students 
develop verbal communication skills by rehearsing and 
delivering a filmed short speech explaining to their mentor 
their interests in both being a researcher and their curiosity 
about the mentor’s specific area of scholarship. Feedback from 
their peers about their verbal communication skills in that 
activity can inform students how best to improve their 
responses so they can be more confident in their first meeting 
with their mentor.

Senior Mentorship students are assessed by the instructors 
based on their oral and written performances on typical tasks 
required for success in many careers: promoting and 
delivering an idea (“elevator pitch” where students summarize 
their research question and research goals in 1 min), 
establishing funds for the plan (written grant proposal 
formally conveying the aims and relevance of the research), 
and reporting the outcome of the work (oral presentation of 
the research findings to a broad audience and written paper/
poster targeted to experts in their field). The methods of 
assessment prove both interactive and energizing as students 
receive peer and instructor feedback along with video 
recordings of their own presentations for self-reflection.

Products of the student work were quite evident in the past 
2 years include 13% of Mentorship students submitting for 
publication, 21% participating in a conference or research 
competition, 90% presenting their research to their research 
team, and 100% presenting at the NCSSM Annual Research 
Symposium.
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Table 2. Program Evaluation Comments From Mentors: Strengths and Improvements of the Mentorship Program

Potential Changes

Representative research mentors’ response to question: “What would you like to change about your experience with the 
Mentorship Program at NCSSM?”

 Most mentors request additional time with the students or a unique meeting schedule outside our regular hours.

 Some wish for clarification of expectations.

 Timing of visitation . . . It may work out better to have students for longer amount of time per visit or have two visits on 
consecutive days so they may perform other types of experiments.

Advice for Future Mentors

Representative research mentor quotes to question, “List any advice you have for future mentors considering working with 
NCSSM students in our program.”

 “I enjoyed having a different perspective in the lab when working on our projects. I also enjoyed being able to ask a separate 
research questions linked to a project that may not have otherwise been able to be answered.”

 “Being able to discuss my research and current research in my field with such bright students allowed me to think outside 
the box about my own research.”

 “Don’t be afraid to set stretch goals and give them responsibility and accountability for milestones toward them. These guys 
are good and with a little direction they will get a lot out of this.”

 “My advice is to set aside a manageable small project for the students. Really try to empower them to have their own project 
and understand the reasoning behind what they are doing.”

 “In the short time I’ve worked with NCSSM students I have learned not to underestimate their talents and to not be timid 
about assigning readings/projects that are at a college-level.”

 “My only advice is to take on a student when you truly have time to pour yourself into helping that student grow, learn, and 
mature. You cannot do it half-heartedly or in your spare time. Neglect is not education.”

 “You simply have to be prepared to mentor, or have someone in the group do that, you cannot just leave the student to find 
their way in the research.”

Strengths

Representative research mentor responses to question, “What did you like best about the experience?”

 “I always enjoy working with young people, their enthusiasm and desire to learn is so uplifting. They challenge you, 
appropriately and make your stay on your game, so to speak.”

 “I enjoyed working with someone so young, someone who was still trying to decide about their future. Usually, I mentor 
people who have already chosen science as an occupation. But, talking with the student about their goals, while providing 
some of my perspective along the way, made me feel that this experience will make an impact on the student and their 
future.”

 (this consistently is stated) “We have had the opportunity to work with many NCSSM students over the past few years in our 
lab. Overall the experience is consistently a positive experience because of the quality of student / individual that come from 
the school.”

 “NCSSM students are typically very bright, intellectually curious, eager and happy to have the experience. They are a lot of 
work, but they are also a lot of fun, and they typically bring good energy to the lab.”

Note. The quotes above are direct quotes from the professionals and scholars who have served as a mentor in our Mentorship program over the past 
2 years.
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Outcome: Information Literacy and  
In-Depth Reading

Programs targeted at high school level students often 
immerse students into doing “hands on” research yet fail to 
address the fact that a core part of professional research, and 
being a researcher, is reading the research of others. The 
Explorations course places strong emphasis on information 
literacy skills, scholarly literature, and critical reading. As 
11th graders in Explorations, students meet individually with 
a member of the library staff to work through their research 
topic, and to learn to navigate the various journals, 
databases, e-books, and the library’s physical collection of 
books and journals. Citations, variety and breadth of research 
publication types, variability of publications in different 
research disciplines, and a structured process in how to read 
a scholarly article are all included in the curriculum. Students 
read articles using a guided questions inquiry and article 
summary template developed by the instructors. Whereas a 
mentor may require a student to read many articles, the 
assessed curriculum requires students to complete summaries 
for nine original research articles, three during Explorations 
and six during Senior Mentorship. Writing the summary for 
each research article emphasizes that mentors are not going 
to give quizzes to make sure students are reading 
background research thoroughly. Instead, they expect them 
to be disciplined and self-motivated to read and keep track 
of what they learn independently.

As the student matures in his or her search, synthesis and 
vocabulary skills, he or she begins to critically evaluate the 
published research and extend this curiosity to the point of 
asking original research questions and potentially even creating 
follow-up research questions and experiments to build on the 
published work of others (Temple et al., 2010).

Outcome: Collaborative Work

Participating in activities as part of a team is a common 
practice in the classroom, but it is rare that high school 
students have the opportunity to contribute in a substantive 
way to the thinking of a group of professionals. Many 
mentors express that they learn just as much from the 
student’s perspective on their research study as the student 
learned from them (see Table 2). Both types of teamwork are 
implemented in the Mentorship Program and contribute to the 
development of skills required to act as an effective team 
member, such as learning to give and take constructive 
criticism, recognizing each member’s role and responsibility in 
accomplishing their team’s goals, taking part in decision 
making, and respecting others’ ideas even if they are different 
from their own.

From the first day of Explorations in Mentorship, to the last 
day of Senior Mentorship, students are members of small groups 
composed of five to eight students for the purpose of 
collaborative learning. In the preparatory class, small groups 
interact to complete class activities and assignments, to 
brainstorm ideas, and to provide organized peer review via 
rubrics. During Senior Mentorship, students continue to work 
with a small group of peers to obtain feedback and guidance on 
assignments such as their elevator pitch and their research 
symposium presentation.

As students initiate their research experience in Senior 
Mentorship, they become an active member of their off-
campus mentor’s professional research team. As part of the 
curriculum, students are required to initiate communication 
with their mentor, give consistent progress updates to their 
mentor, and complete the tasks required to contribute to 
their part of the research project.

Outcome: Real-World Awareness
NCSSM’s Mentorship Program provides students a broader 

awareness of the professional and academic work 
environment. In Explorations, students learn about research 
through instruction and assessments about (a) the university 
research structure such as academic structures, research 
regulations, and the role of grant support, (b) how success is 
defined by mentors and how mentors evaluate a student’s 
potential, (c) the student’s role and a sense of what a high 
school student can accomplish within a university research 
project, (d) the skills needed to read research articles that are 
written for the scholarly community, and (e) the expectation 
that they must read widely and extensively. Students enter the 
program with statements such as, “I want to research cancer,” 
“I want to work with patients,” and “I want to get something 
published this fall.” The Mentorship curriculum helps establish 
“real world expectations” of their research interests, the scope 
of what they will accomplish, how “narrow” the focus of a 
research question must be, and the intense amount of 
background reading they must digest to understand their 
mentor’s research. Because students generally receive a “no” 
from two potential mentors before getting a “yes,” they also 
learn how to deal with rejection.

Once immersed in real-world research settings in Senior 
Mentorship, students gain a better picture of what it means to 
be a researcher, a better perspective of how their interests may 
lead to a potential undergraduate major or career path, a 
broader sense of research disciplines, and how completing a 
research question can be interdisciplinary. Feedback provided 
to the student by the mentor and mentor’s team on their 
progress and growth allows the students to reflect on their 
experience in a manner beyond the scope of a formal 
assessment.
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Best Practices and Options for Implementing 
a Mentor-Based Research Program

NCSSM’s Mentorship Program benefits from numerous 
unique attributes: (a) a constituent institution of the UNC 
system; (b) a residential school, which provides flexibility in 
scheduling and transportation; (c) its proximal location to major 
research universities, institutions of higher education, and 
businesses; (d) its 30+ year focus on providing real-world 
learning opportunities for students; (e) a strong commitment of 
the state legislature to the school’s mission; and (f) support of 
alumni and corporate foundations to fund its research programs. 
However, no matter the location or resources available to 
schools interested in implementing this type of program, there 
are various ways to apply the ideas and practices of this model 
on a smaller scale to potentially obtain similar outcomes.

Strengths of the Program Design
The Mentorship Program uses research as a gateway for 

students to discover their own unique interests. Many areas of 
research at partner institutions do not fit neatly into broad 
disciplines such as science, mathematics, and humanities, but 
instead represent broad areas of applied social science, natural 
sciences, and engineering that are not commonly found at the 
high school level. Students are encouraged to open their minds 
to all fields, and to recognize the interdisciplinary research that 
connects STEM and non-STEM fields of study.

Implementation of a pre- and co-curriculum in the 
Mentorship Program is a second key strength. Although 
literature on optimal practices for teaching high school students 
how to conduct research is limited, students are less likely to 
continue in research or acquire the foundational knowledge to 
be a researcher if they simply participate in the work without 
accompanying coursework focused on reflection and learning/
practice of the skills of being a researcher (Matand, Wu, & 
Rollins, 2011; Shaffer et al., 2014; Temple et al., 2010). The 
references associated with the National Science Foundation 
(2013) solicitation for its Research Experience for Undergraduate 
grant program emphasize the key importance of mentoring and 
co-curriculum/training in the context of integrating students into 
research. The curriculum in Explorations builds in assessments 
that require students to demonstrate that they understand the 
professional, personal, and research skills required to be a 
professional researcher, beyond designing and completing a 
research question. NCSSM successfully extended a modified 
version of the Explorations in Mentorship curriculum to its 
online program students, although its goal is to prepare students 
for application-based research opportunities or to seek out a 
mentor on their own without further institutional support.

Third, the Mentorship Program experience allows students to 
be confident and prepared for working with a mentor in an 
academic or corporate site, as well as preparing them for both 
undergraduate and graduate research. At the national level, 
participating in a research experience at the undergraduate level 
correlates with enhanced interests in STEM and an increased 

potential of pursuing an advanced degree (Russell, Hancock, & 
McCullough, 2007). Anecdotally, many alumni cite their research 
experiences while at NCSSM as important to both their 
undergraduate major choices, as well as their career choices in 
STEM fields. Sixty percent of NCSSM students who complete a 
bachelor’s degree earn their degrees in STEM fields. The 
Mentorship Program also builds connections to the community 
by demonstrating the students’ talent to hundreds of academic 
and corporate professionals per year and highlighting the value 
of the education that the school provides for students from 
across North Carolina.

Finally, students are encouraged to approach failure with a 
positive attitude and constructive response. Unlike the new 
Advanced Placement Seminar/Research sequence, the program 
does not encourage certainty of the experimental design or 
outcomes of the collection of data, analysis, and conclusions. 
NCSSM students are often given ownership of a piece of a much 
larger research project and may not reach the stage of analysis 
and conclusion prior to the end of the program. Students learn 
the limitations and challenges of scholarly or professional 
research, and that research is always ongoing and does not 
neatly end or provide meaningful results when the academic 
term comes to a close.

Limitations of the Program Design

Both a strength and limitation of NCSSM’s model is that 
students can be frustrated by the uncertainty and failure 
encountered in professional research, or disappointed that their 
extensive efforts solved only a very small piece of the mentor’s 
broader research questions. Although the model requires 
extensive mentoring by the university partner to execute the 
research and provide content expertise, it also requires 
guidance and support by NCSSM faculty to help 16- to 18-year-
olds understand that failure in the context of research is not 
only positive, but the path to discovery.

The expense of effectively running a program like 
Mentorship includes the costs associated with having faculty 
and staff specifically dedicated to the course, transportation 
resources, dedicated time of library staff to provide instruction, 
increased need for library resources required for student 
research, and the time necessary to complete the large variety 
of essential logistics. Logistics, which can be overwhelming, 
include complying with policies on minors for each student at 
each location, arranging safe and efficient transportation for 
students to be able to make the most of their limited time 
off-campus, driving students to interviews during the mentor 
search, obtaining approval for each individual project from our 
high school’s Scientific Review Committee, scheduling all 
traveling students to be free the same three class periods each 
week, and communicating clear expectations to mentors and 
students.
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The Mentorship programs at NCSSM rely on the generosity 
and donation of time of 80+ mentors each year. Without the 
volunteerism and goodwill of the mentors, these programs 
would not be possible. Feedback from mentors (see Table 2) 
indicates that the opportunity to work with NCSSM students is 
rewarding and leads them to continue contributing to our 
program. For example, mentors say they enjoy the energy that 
the NCSSM students bring to their environment, the mentoring 
opportunity that the mentor’s staff gain, and the support 
NCSSM can offer mentors for grants, some of which have an 
outreach component by confirming the mentor’s work with 
the students.

Because student interests drive the mentor selection process, 
some mentors continually support one or more NCSSM students 
each year, and others may only participate once or occasionally. 
The logistics of managing the mentor search process and 
mentor relationships is daunting and intensive. Establishing a 
sufficient pool of potential mentors willing to engage students 
works best in a location with multiple universities and suitable 
corporate entities, but could be implemented on a smaller scale 
in a location with at least one research institution and interested 
business partners.

Because the student establishes the relationship with the 
mentor and the mentor serves as a volunteer, NCSSM cannot 
control the experience. Mentors do not receive specific 
training on how to instruct high school students effectively. In 
addition, there is also wide variation in the amount of time 
the mentor interacts with a student. Some mentors provide 
direct training and guidance each day. Other mentors, due to 
time constraints, must share the majority of mentoring 
responsibility with their professional staff and graduate 
students.

Another limitation is a focus on high-performing students 
at NCSSM (as NCSSM’s enrollment model selects high-
achieving students from communities across the state) for 
selection into the Mentorship Program. Grades are a 
significant criterion in selecting Mentorship program students, 
and serve as a proxy indicator that students can manage the 
responsibility of the off-campus experience as well as manage 
the time commitment of mentorship in addition to the regular 
course load. The program design does not serve the low and 
moderate performing STEM interested students most at risk to 
leave STEM fields at the college level (Chen, 2015). However, 
allowing students to engage in some of the instructional 
components before application, improved schoolwide 
advising, and a lower student-to-faculty ratio in the program 
could broaden the program’s reach. Another alternative, 
which NCSSM has found successful, is to offer a summer 
research program providing students dedicated time to focus 
on research without the added challenge of balancing the 
typical regular coursework. The criteria for selecting students 

in the summer program can then be based primarily on essay 
responses rather than grades.

Evaluating Outcomes

Students are currently evaluated on pre- and post-
assessments of their confidence or skills. Based on these 
assessments, students completing the Mentorship Program show 
a large increase in preparedness for carrying out a wide variety 
of professional and research tasks compared with responses of 
their preparedness before entering Mentorship. This increased 
preparedness may seem like an obvious result of participating in 
any research program, so the next goal is to establish a more 
robust assessment of knowledge in understanding the context 
and process of research. A way the Mentorship Program can 
address this is to obtain pre-test and post-test responses from 
participants working with mentors in another NCSSM research 
program developed in 2013—the Summer Research Internship 
Program at NCSSM. The summer program has a similar number 
of student contact hours for research at the mentors’ location, 
but no class time to implement the pre- or co-curriculum. In 
addition, the summer mentors are selected by the mentorship 
instructor prior to the students applying to the summer program, 
so the process of the mentor search, defining a research topic, 
and reading published research prior to the experience is not 
required for a summer student. If mentorship students are shown 
to be more prepared than summer research students, then it 
would indicate the value of incorporating curriculum to support 
student research experiences as well as the importance of 
students taking ownership by arranging for their own mentor.

Although organizations such as the Council for 
Undergraduate Research exist to promote the value of research 
as a teaching and experiential learning tool, it is still an 
emerging field to analyze the effectiveness and impact of 
engaging in research. The NCSSM Mentorship Program plans to 
implement a broader program assessment that follows student 
outcomes after graduation. Assessment of research programs at 
the undergraduate level suggests potential assessment models 
and measures of effectiveness. Several recent studies analyze 
summative reflections on the experience (see Schmitz & 
Havholm, 2015; Vieyra, Gilmore, & Timmerman, 2011) and the 
post-undergraduate outcomes of persistence and value of a 
research experience. Russell et al. (2007) indicate students who 
engage in a research experience are more likely to obtain an 
advanced degree and twice as likely to obtain a PhD, have 
more confidence, awareness, and understanding of how to 
conduct research, and increased interest in STEM.

Nationally, emerging research, based on the 
Undergraduate Research Student Self-Assessment  
(URSSA), documents students’ pre- and post-assessments of 
their learning experiences, and gauges the likelihood that  
the research experiences changed or confirmed the  
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Table 3. Evidence of Enhanced Student Preparedness for Research, Professional, and Personal Skills Following Completion of the 
Mentorship Program

Note. Evaluation of students’ preparedness was obtained by asking about students’ self-assessed level of confidence in carrying out specific 
research and professional activities both before starting the Mentorship Program and following completion of the program. The three choices 
students had for preparedness levels were (a) adequately prepared (strong confidence), (b) moderately prepared (somewhat confident), or  
(c) unprepared (not confident). Because the curriculum was revised in 2015, not all attributes/outcomes described in this article are reflected  
in the survey.
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students’ plans to pursue STEM education and careers 
(Weston & Laursen, 2015). The findings using URSSA at 
Drexel University to assess non-STEM undergraduate 
researchers found learning gains and motivations to be 
similar to that of STEM researchers (Stanford, Rocheleau, 
Smith, & Mohan, 2015). Similar to Drexel, the NCSSM 
Mentorship Program outcomes are focused on a broader set 
of student outcomes (see Table 3) than STEM interest and 
persistence in STEM.

Conclusion
Although a primary objective for both high school and 

undergraduate education is to prepare students with the 
necessary skills for success in their continued education and 
ultimately in their career, it is often difficult to teach “soft skills” 
that employers commonly look for when hiring. In January, 
2015, the New York Academy of Science released a report titled, 
“The Global STEM Paradox,” detailing that although there are 
more STEM graduates than ever before, many STEM jobs go 
unfilled because of the lack of soft skills. Commonly, classrooms 
focus on the knowledge and specific skills required in the field 
of study and have less time to dedicate to teaching things such 
as leadership, critical thinking, communication, and teamwork 
that are critical to success in life and work. The Mentorship 
Program provides the opportunity for students to develop and 
practice soft skills such as resourcefulness, teamwork, 
professional communication, and taking responsibility for 
accomplishing desired goals. Development of these soft skills is 
not an explicit student learning objective for the course, but it is 
a primary objective of the program to empower students by the 
design of the pre- and co-curriculum and by giving students the 
responsibility to make their own decisions and to resolve their 
own problems.

Because more than 80% of students enter the path toward a 
STEM degree after they enroll in high school (Maltese & Tai, 
2011), opportunities in high school are critical to a future 
interest in STEM. Students routinely enter the undergraduate 
environment with only a vague idea of what research entails in 
STEM and the breadth of research that occurs in social sciences 
and humanities. Students often have little exposure to reviewing 
existing literature in current journals, developing research 
proposals, and research methodologies, yet research will be a 
vital component of their education and possibly their careers. 
Students entering the program are high school juniors coming 
from all across North Carolina with a wide range of 
backgrounds and experiences; however, on finishing the 
Mentorship Program, students not only have all had firsthand 
experience with research, but also have worked side-by-side 
learning and implementing their soft skills with professionals in 
a real-world environment.
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