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Oakland University & Birmingham Public Schools

Oakland University INC Business Accelerator and the School of Engineering teamed up with Birmingham 
Public Schools to develop a unique mentor/student STEM course called:  STEM Research and 
Design.  The STEM R&D course, the authors created, focuses on science, technology, engineering, 
and mathematics. The pillar of such a unique experience, centers on a developmental partnership of 
professional mentors, providing “data experiences” for high school students. The STEM Research and 
Design course provides a unique academic conduit for students to develop a STEM related project while 
embedding authentic data collections and analysis with a number of professional mentors from local 
businesses and Universities from Southeastern Michigan.  Students are introduced to the fundamental 
steps in scientific research methods, engineering design, and combining quantitative/qualitative methods 
of data analysis.  Oakland University INC Business Accelerator and the School of Engineering hosted 
the first meeting of STEM R&D early 2014, during which high school juniors and seniors were assigned 
mentors from local businesses and Oakland University. These faculty, staff, and business professionals 
serve as mentors to help guide them through a STEM data experience.  This UNM Mentoring Conference 
proposal reviews the dynamics of assigning professional mentors with high school students, how to 
establish student/mentorship protocols and encourage developmental relationships, and analyzes the 
critical, pedagogical elements of blended learning that are essential for the discovery-based research 
and externship experience.

STEM education is at a crossroad (Howard Hughes Medical Institute, 2012).  To maintain U.S. leadership 
in science and technology, we must have a steady flow of college graduates with science, technology, 
engineering, and mathematics (STEM) degrees. However, current economic projections suggested by 
President’s Council of Advisors on Science and Technology (PCAST)  (2012), will fall short over the next 
decade by about 1 million people.  As stated by HHMI, the problem is in the educational pipeline. Every 
year, some 750,000 students begin college intending to earn a degree in a STEM field, but fewer than 
40%—only 300,000—receive a bachelor or associate degree in one of these fields.  Perhaps that’s no 
surprise:  lecture-and-lab classes are time-consuming and frequently uninspiring. Students often drop out 
of classes or change majors, before they have the opportunity to experience authentic research.
Can we put a “safety net” under those incoming college freshmen to catch their STEM ambitions?  As 
educators and STEM professionals we must develop mentor/student relationships early and help them 
navigate through the multi-faceted maze of emerging STEM disciplines and 21st century skills in order 
to be successful.  Providing a foundation of research methodologies and student externships into early 
educational experiences can dramatically improve student performance and school outcomes, according 
to PCAST (2012). Oakland University INC Business Accelerator and the School of Engineering teamed 
up with Birmingham Public Schools to develop a unique mentor/student STEM course that hopefully will 
establish a “strong safety net:” STEM Research and Design.
The STEM R&D course is a unique research experience for students and mentors:  challenging, 
sometimes unpredictable, authentic, fun, a mentor/student scheduling nightmare at times, and rewarding.  
The course provides opportunities for students to develop a STEM related research project while 
embedding authentic externships with professional mentors from local businesses and Universities 
from Southeastern Michigan.  STEM R&D is a blended course with numerous online activities and a 
combination of on campus lectures and off campus explorations.  Students were introduced to the 
fundamental steps in scientific research methods, engineering design, and combining quantitative/
qualitative methods of data analysis.  In addition, students learn engineering skills by designing and 
analyzing processes and process units in order to assess product quality, measurement issues, 
economics, safety, and environmental/sustainability impact. The STEM R&D course also provided both:  
information on how to carry out and present various types of research, as well as articulating a rich 
dialogue/networking between STEM professionals and students. Identifying key elements to the research 
experience drove strategic planning and course justification:
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Critical elements in the STEM R&D experience are:
• Authentic data collection with real-world applications.
• Planning the verbal and visual presentations of their research and data analysis.
• Productive rich dialogues with professional mentors.
• Embracing productive struggle and perseverance.
• Using critical thinking and problem-solving skills in an authentic research experience.
• Increase sincere curiosity about STEM career pathways.
• Improved approach to learning: shift from passive to active student-centered learning.
• Becoming part of a learning community. Peer-Led Research Learning model (PLRL).

STEM R&D Mentors and Externships
The “pillar” of the STEM R&D course was developing and sustaining relationships between high school 
students and professional mentors.  The role of our STEM R&D Mentors was to provide opportunities 
for students to develop a STEM related project while embedding authentic research experiences or 
externships. Students are considered “externs” due to the blended nature of online instruction and short-
term placement in a professional setting where they can gain valuable insight into what they can expect 
to experience within the field they have a sincere interest.  Externships can be for just one day, or for 
several incremental days, allowing students to easily complete externships and receive feedback on 
assessments.  The shorter time span can also be a benefit in providing more externship opportunities and 
thus more insights into different STEM environments.  The shorter duration of externship data analysis 
was not structured towards a long-term research result.  Hopefully, the long-term data analysis can be 
incorporated in future programs to come.
These research experiences or externships were later nicknamed by our mentors as “data externship(s).” 
The data externship is intended for students to observe, explore, and apply research methodologies 
to a mired of qualitative/quantitative data.  The students “shadow” a mentor in their field of study and 
participate in data computational analysis, and become an active stakeholder in the STEM inquiry.  It 
does not provide the same extensive, hands-on work experience as STEM internships.  As stated by 
Externships.com, students serving as full time STEM interns will be given “meaningful projects, be 
assigned responsibilities, and work deadlines and expectations, very similar to what they would expect 
as a full-time employee.” However, externships provide an opportunity to stimulate and enhance the 
classroom learning experience.  Students encounter STEM issues they read and study about in a non-
academic environment, which not only challenges them to think more critically, but also provides them 
with greater insight into their future college coursework and career objectives.
• The data externship(s) allow students to apply their Research and Design coursework to real-world 

STEM settings.
• Data externship(s) offer sampling of STEM career possibilities and possible college course work in 

the future.
• It is a chance for students to observe, ask questions, network by building relationships with their 

Mentors, and become sincerely curious about DATA!
During a data externship, professionals of the STEM R&D Mentor Group, who agree to allow students to 
observe, and in many cases closely supervise the externs, participate in authentic data collections and 
research methodologies.  The Mentor agreed to have students on site at their organization/company and 
participate in both data collections and data analysis.  Many of the students who were assigned a Mentor 
from Oakland University were allowed to encounter a first-hand view of a professor’s research project(s) 
or to conduct some additional research.  For example, a group of three students worked with the Director 
of Clean Energy Systems at OU INC.  They were able to make biodiesel, and then evaluate different 
methodologies for making biodiesel; testing the theory and recording the results. Another student was 
able to work with a start up client that focuses in extensive data collection and reporting for municipalities 
and public school systems.  The student was able to collect data, analyze it, and then see how the 
customers of the start up were able to use the data to make financial decisions and forecasts.  A third 
student worked with a professor from the School of Arts and Sciences in math.  The experience was so 
positive that the student has requested an additional research opportunity with the professor.  The chair 
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of Industrial Systems Engineering and a graduate student were able to offer a large group of students 
the opportunity to learn about product lifecycle management utilizing “Jack” - a 3D human modeling 
simulation software.  Another group of students were able to mentor with the Director of Research for the 
School of Engineering and participate in projects in the Fastening and Joining Research Institute.  All of 
the experiences were rich and rewarding for both the mentors and the students.

Requirements of the STEM R&D Mentors
During the set up of the STEM R&D course, it was important to determine the key factors, which 
influenced mentors in agreeing to volunteer.  In establishing the role and responsibilities of a mentor, 
flexibility was a key aspect.  Many were very interested in serving as a mentor, but had varying degrees 
of time commitments and resources available.
Another determining key factor was the course requirement of STEM R&D students completing multiple 
data externships during the trimester.  Therefore, the criteria established centered around flexibility in 
the time, the number of research tasks, and the number of visits to maximize mentor participation.  As 
the projects were identified to the cohort of students, the type of project/research and the hours available 
were matched with those that had a strong interest in the subject matter the mentors were experts in.  A 
majority of the STEM R&D Mentors consisted of Oakland University Professors and professionals in the 
STEM related fields throughout Southeastern Michigan.  Because of the varied interests of the students, 
mentors were sought from all schools of study within the university that focus in STEM fields of study as 
well as start-up clients with the OU Business Incubator that had an interest in serving as a mentor.  A 
number of the mentors were also invited to present and introduce their experience during the STEM R&D 
kickoff event.  The event was a big hit with all involved.  As a result, students were able to quickly arrange 
their first meetings and had some initial discussions with their mentors.  The following requirements were 
presented to each mentor to use as a guideline.

1.  Provide an opportunity for a student or a group of students (you decide how many students 
your team can accommodate) of a “data collection experience.”
OR
1.  Provide an opportunity for a student or a group of students (you decide how many students 
your team can accommodate) of a “data analysis experience.”

       OR
1.  Provide and opportunity for a group of students to engage and interact with a presentation 
by you/institution via a podcast/mobile technology—or—in person at Seaholm High School in 
Birmingham, MI.

2. Time: 1-2 hours minimum.  The “experience” could be a number of visits within an eight week 
time period. 4 hrs would be ideal.

3.  The student(s) will be available to discuss a mutual time schedule to meet. They have time 
within their class schedule to meet, after school, weekends, etc.
The STEM Course also has opportunities to take large groups on ½ day field trips if needed—
upon request.

We are always open to suggestions and are very supportive of everything you do!!
STEM Mentors May Develop Their Own “Requirement” as They Deem Appropriate for the Course
Students and mentors were assigned to the first “data experience” to assure that all mentors had an 
opportunity to work with students, and that students had a chance to work in their personal interest of 
study.  The students identified their interests, and the mentors identified the type of data experience they 
had to offer. This included: subject, duration, location, communication, and type of data experience.  The 
mentor coordinator then made a match of each student with a mentor for his or her first experience.  The 
following list was an evolving-breathing list of a mentor’s role—it was very open ended.

1.  Guide students (externs) through the PURPOSE of your research/projects, but also in 
understanding underlying goals and principles of the data, such as modeling and simulation 
decision processes, quality management, and continuous program improvement.
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2.  A number of Mentors have decided to assign a small case study or example data for students 
to read and analyze.  This would be considered a course assignment and may be discussed as 
a follow-up during the next meeting with the students.
3.  Outline expectations (yours and theirs) and establish guidelines for ensuring they’re met.  
Each student will have parameters and protocols in place also.

STEM Research and Design Course- a “Blended Experience”
Next Generation of Learning Challenges defines blended learning as a formal education program in which 
students learn part on line, with elements of time control, place, path, and/or instructional partnerships 
to the integrated experience.  A blended course combines the classroom, the World Wide Web, software 
applications, and off campus explorations.  Students in the STEM R&D course experienced a blended 
learning environment in which they were required to come to campus as well as participate in other 
“classroom” activities in a virtual environment.
Generally, blended classes may use some of the following media interfaces:  Skype, Webinars, Blackboard 
Chat and other learning management systems are used to facilitate some course work and virtual 
classroom interaction between students, their peers, and faculty members.  Moodle, Canvas, Google Drive, 
Evernote, Edu-blog, and Edmodowere also used—to just name a few.  Students may also use email, chat 
rooms, and virtual drop boxes along with traditional face-to-face interaction of the classroom to complete 
course work.  However, it is at the individual faculty member’s discretion how often students will be 
required to come to campus.  Blended or hybrid course offerings in higher education are commonplace 
and much has been written about how to design a blended course effectively. As a blended course, STEM 
R&D was a unique pre-Higher Education experiment.  The course instructors wanted to explore options of 
blended instruction that would accommodate a strong conduit between students, content, and mentors. 
According to Graham there are three types of blended experiences that may be considered:
Enabling blends- Enabling blends primarily focus on addressing issues of access and convenience.
Enhancing blends- Enhancing blends allow for incremental changes to the pedagogy but do not radically 
change the way teaching and learning occurs.
Transforming blends- Transforming blends are blends that allow for a radical transformation of the 
pedagogy, a change from a model where learners are just receivers of information to a model where 
learners actively construct knowledge through dynamic interactions. These types of blends enable 
intellectual activity that was not practically possible without the technology.  Shifting from a teacher-
directed to learner-centered paradigm.  Communication and critical thinking skills are evident.
The STEM R&D course was a transforming blend of online instruction and pedagogical shifts.  The course 
implemented a virtual platform called Canvas™ to integrate the “blended” experience.  We needed 
to move away from manipulating the traditional “blend” as seen by many instructors to an in-depth 
ownership between partners; both mentors and students.  Canvas was our tool to make this integration 
become a reality.  The Canvas platform was well received by students and mentors.  The user-friendly 
navigation and multiple interactive web applications allowed for an online relationship for everyone 
involved.  The blended approach for STEM R&D was “finding a harmonious balance between online 
access to knowledge and face-to-face human interaction” or thoughtful integration of externships with 
networking within our professional community.  Students and Mentors were given editing rights to the 
externship pages on Canvas. As a result, it created a smooth transition for students to develop project 
pathways and productive mentor relationships.
The STEM R&D course also employed principles of project/researched-based learning throughout 
the trimester.  STEM R&D modules and inquiries support an ongoing step-by-step set of activities and 
assignments with benchmarks (quality control checks) so students know they have accomplished 
objectives.  Students who work in a project/researched-based environment experience learning in a 
different way. Instead of sitting through daily lectures in order to absorb material that will later be assessed 
in an exam format, students involved with project/researched-based learning have a task at hand that must 
be accomplished, but that requires knowledge and skills that students do not yet possess on the first day 
of class. At the end of the project, students will have acquired a pre-determined set of information and 
skills that they otherwise would not have acquired prior to their project activities. Some of the research-
based skills were provided/coached by their mentors and actively implemented during their externships.  
Most of the STEM R&D students described their “newly” acquired skills during their project exhibitions.
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Conclusion
What makes the STEM R&D course particularly effective is its ability to facilitate and deepen the sense of 
engagement while simultaneously facilitating the conditions for a community of inquiry, to provide dialogue, 
debate, negotiation, and consensus.  Hence, the partnerships and sincere dialogue with mentors are 
imperative to the success of the experience.  The STEM R&D students experienced a data externship 
with our mentors and worked on research projects that required certain skills and knowledge.  Students 
needed to be intentional with whatever knowledge and skills they gain because learning is relevant and 
useful in their particular research project. Learning is tied to specific outcomes and products, meaning 
that connections are made between the material and the real world. STEM R&D students can connect the 
proverbial dots, and learning is seen as a means to an end, because the success of the project depends 
on them having acquired the content and skills that will bring the project to fruition.
The STEM R&D course focused on a blended learning environment and the relationships between 
students and mentors.  As a result, there was purposeful placement of students with mentors that fostered 
active collaboration and construction of knowledge.  Active collaboration learning is not about “what the 
kids know,” it’s more about “what the kids can DO with what they know.”  Learning environments that 
provide opportunities to stimulate the senses, encourage productive dialogue, research and analyze 
authentic data, establish externship protocols with local professionals, and encourage exhibition of 
their knowledge with unique feedback loops are most likely to support a blended experience. Students 
are approaching Higher Education with responsibilities above and beyond what they encounter in the 
classroom.  Let’s help our students make the transition into Higher Education by providing a blended 
instructional approach coupled with the tools to sustain relationships with future mentors in their area of 
interest. The STEM Research and Design course provided an authentic data experience for our students 
and was mutually beneficial for our mentors.
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