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Assessment of a Collaborative NSF RET Program Focused on
Advanced Manufacturing and Materials

ABSTRACT

Manufacturing is a key pillar to economic vitality and growth in the United States (US).
However, the US faces increasing competition in the area of manufacturing from across the
globe. As such, the future of the US’s role in manufacturing requires innovation, cutting-edge
and sustainable technologies, and new materials. Furthermore, this new era of manufacturing
will require a well-educated and well-prepared STEM workforce. Since the task of inspiring and
preparing K-12 students in STEM falls largely on K-12 teachers, it is critical that the teachers
understand the role of materials and manufacturing in the US and are provided with the tools and
knowledge that will empower them to get children excited about STEM as well as careers in
materials and advanced manufacturing. The main objective of the Collaborative Research
Experience for Teachers Program entitled Inspiring The Next Generation of a Highly-Skilled
Workforce in Advanced Manufacturing and Materials was to provide current and future middle
and high school teachers with the skills required to successfully engage their students in STEM
learning experiences by immersing these teachers in real-world engineering research that was
thematically centered around materials and advanced manufacturing. This collaborative RET site
placed teachers and pre-service teachers with research mentors at one of three regional
universities to work on engineering research projects that connect with regional strengths in
advanced manufacturing and materials. Participating teachers and pre-service teachers joined
other professionals in the region in an immersive materials “boot camp” facilitated by ASM prior
to the start of their research experience. Field trips, guest speakers and group work that produced
K-12 curriculum complemented the teams’ research experience. During the culminating
activities, the groups presented the STEM curriculum developed, the final laboratory project
results and provided regular guided reflections regarding their efforts during the six-week
program. Local System Change (LSC), Mathematics Teaching Efficacy and Beliefs Instrument
(MTEBI) and Science Teaching Efficacy and Beliefs Instrument (STEBI) surveys were
administered to identify changes in attitudes, beliefs and practices. Results of the evaluation
suggest that this collaborative RET program was successful at meeting a majority of its nine
objectives. Evaluation data shows that there was no significant changes at the 0.05 level in the
teachers’ responses to the MTEBI or STEBI. For the LSC, teacher responses were significantly
higher at the 0.01 level for attitudes towards teaching. Feedback obtained from the teachers will
be used to modify the program for the next cohort.

Introduction

A 2010 report for the National Association of Manufacturers and the NAM Council of
Manufacturing Associations states, “America’s manufacturing innovation process is vital to
promoting economic growth, productivity gains and increases in our standard of living.” The



authors go on to explain that, “An increment to manufacturing production in the U.S. creates
more economic activity both within and outside the sector than does a similar increment in any
other major sector. Historically, manufacturing’s innovations and investment raised its
productivity faster than other large sectors and its productivity has added substantially to overall
U.S. productivity.” 1 Similarly, in an article published in Time Business and Money Magazine
(2013), the authors report, “The new economics of Made in the USA are built in large part
around acquiring cutting-edge technologies ahead of global competitors and then using those
new techniques to produce more efficiently on super-automated factory floors.” It is strongly
believed that manufacturing will once again become a local industry as the products will be
manufactured near raw materials or markets. Furthermore, future global dominance in
manufacturing will depend upon the development and adoption of cutting-edge manufacturing
technologies including robotics, artificial intelligence (Al), 3D printing, and nanotechnology.?
There is a tremendous push from both federal and industrial entities to speed up the maturation
of manufacturing technology. New institutes such as the National Additive Manufacturing
Innovation Institute (NAMII), now called America Makes, located in Youngstown, Ohio, have
been created from federal initiatives in an effort to reinvigorate the US manufacturing industry
and jobs market and to promote innovation and collaboration in cutting-edge manufacturing
technologies.*’” Additionally, federal agencies such as the National Science Foundation (NSF)
are sponsoring workshops and forums such as the NSF Workshop on Future Research Needs in
Advanced Manufacturing and the NSF Workshop on Additive Manufacturing to discuss issues
and developments associated with manufacturing.®® To complement this new era of
manufacturing, engineers and scientists are also developing new types of materials that are
compatible with the manufacturing techniques and are stronger, lighter, more energy-efficient,
and more durable than currently available materials. As such, the future of the US’ role in
manufacturing is highly dependent on innovation in materials and manufacturing as well as the
adoption of advanced and sustainable manufacturing technologies.®

This new era of manufacturing will require a well-educated and well prepared STEM workforce.
Unfortunately, the US will not be able to meet these workforce goals unless we are able to
broaden participation by inspiring our youth to pursue STEM disciplines.'®!® The Society of
Manufacturing Engineers (SME) states in a 2012 report, “If the United States is to maintain its
leadership in manufacturing — a sector that contributes greatly to the health of the overall
economy...the crisis in STEM and manufacturing education must be corrected.”*’ Since the task
of inspiring and preparing K-12 students in STEM falls largely on K-12 teachers, it is critical
that teachers are provided with the tools and knowledge to accomplish this task. Unfortunately,
most K-12 teachers have little understanding about materials and the role they play in
society.*®1® Furthermore, many people have significant misconceptions about manufacturing in
the US.X® In a 2008 report summarizing the outcomes of The Workshop on Materials Science
and Materials Engineering Education sponsored by the NSF, recommendations were made that
include providing training and professional development for K-12 teachers to help them better



understand materials concepts and applications, modifying existing teacher training programs to
include information about materials and manufacturing careers and developing outreach tools for
students that demonstrate the critical role that materials and manufacturing play in modern
society.!8

Ohio was particularly hard hit by the Great Recession and this was due in part to its reliance on
manufacturing. About 34% of the approximately 117,000 jobs lost in Ohio between 2007 and
2011 were in the manufacturing sector. Despite this, according to Economic Analyst, George
Zeller, “Manufacturing is driving the Ohio recovery, particularly since we have such an intense
concentration [of jobs in the sector]. Manufacturing is not only important for its high-wage jobs
for Ohio workers, but it is also extremely important because of its large ripple effect on the rest
of the economy.”?° In particular, the Dayton Region has a long history of engineering innovation
in manufacturing and also serves as the home to organizations that are heavily invested in
materials and manufacturing research. Among these is The Air Force Research Laboratory's
(AFRL) Materials and Manufacturing Directorate located at Wright-Patterson Air Force base
which develops materials, processes, and advanced manufacturing technologies.?* Additionally,
the Dayton Region is one of the largest tooling, machining and material processing centers in the
U.S and manufacturing contributes to more than 14 % of the Region’s workforce.?%2%
Additionally, advanced manufacturing and materials has been identified by top governmental
officials as well as academic institutions and centers as being a key regional cluster.®2* The
importance of these regional clusters cannot be underemphasized. The US Department of
Commerce states, “Regional clusters can be thought of as an ‘innovation ecosystem’ that ‘is
made up of communities of people with different types of expertise and skill sets.”? As such, the
Dayton Region is particularly interested in growing its STEM workforce and inspiring K-12
students to consider careers in materials and advanced manufacturing.

In 2014, three universities in the Dayton Region, Central State University (CSU), University of
Dayton (UD) and Wright State University (WSU), received a grant from the NSF to provide
research opportunities to K-12 teachers through a Research Experience for Teachers (RET)
award. The overarching goals of the NSF RET program are to develop long-term, collaborative
relationships with K-12 teachers and university faculty, involve K-12 teachers in engineering
research and help teachers translate this research into classroom activities.?® In addition to these
overarching goals, the main objective of this project entitled: Inspiring The Next Generation of a
Highly-Skilled Workforce in Advanced Manufacturing and Materials was to provide current and
future middle and high school (G6-12) teachers with the skills required to successfully engage
their students in STEM learning experiences by immersing these teachers in real-world
engineering research thematically centered around materials and advanced manufacturing. By
training teachers through this research experience, it is hoped that the participating teachers will
be better equipped with knowledge, skills, curriculum and resources to affect broad-scale change



in instructional practices linked to advanced manufacturing and materials and 21st century
STEM skills.

Program Design and Objectives

The Inspiring the Next Generation of a Highly-Skilled Workforce in Advanced Manufacturing
and Materials program used materials and advanced manufacturing as the focus for the teacher
research experiences in engineering. The advanced manufacturing and materials focus was
selected based on the aforementioned regional needs and strengths in addition to the fact that all
three participating universities have strengths in this area. Specifically the main objectives of this
program were to:

e Transfer the program’s team-based applied engineering research activities into the
teacher participants’ classrooms through experience and the development and
dissemination of new curriculum associated with these activities;

e Provide the teacher participants with new knowledge of engineering disciplines and
careers, particularly those related to advanced manufacturing and materials and generate
a new appreciation for the value of diverse team-based learning environments; and

e Provide the participants with beneficial professional development activities integrated
into the RET programming

Additionally, the participants were provided with exposure to three regional universities that
represent a smaller (~1800 students) public HBCU (CSU), a mid-size (~ 8,000 students) private
(UD) and a mid-size (~ 17,000 students) public (WSU) university.

During its pilot year, this program placed twelve G6-12 teachers and five pre-service teachers
with research mentors at one of the three regional universities to work on projects that connected
with regional strengths in materials and advanced manufacturing. Teachers and pre-service
teacher participants were required to attend an orientation meeting prior to the start of the
program. During this orientation, the participants were able to meet their team members, interact
with research mentors and project PI’s from the three universities, fill out required paperwork
and engage in some ice-breakers and simple design activities. The participants were provided
with program logistic information, a calendar of activities and lab safety instruction.

The six-week program started at the end of June and began with a week-long materials boot
camp facilitated in conjunction with the ASM Educational Foundation. During this week, the
RET participants joined other teachers in the area to participate in the ASM Materials Camp for
Teachers that was held at CSU. The goal of this camp was to provide the RET participants with
background information on materials and manufacturing and prepare them for lab-based work
with their research mentors. Through this experience, the participants had the opportunity to
engage in hands-on work with metals, ceramics, polymers and composites, and to develop a
greater appreciation for the importance of these materials in modern life. Additionally, the
participants were provided with curricular tools and ready-made materials activities, supplies



needed to replicate some of the classroom activities, a one-year membership in ASM and the
opportunity to network with teachers and engineers beyond just those involved in the RET.

During the remaining five weeks, the RET participants were placed on research teams to work on
their projects. Each of the six research teams were made up of two practicing teachers and a
research mentor. Five of the six teams included one pre-service teacher as well. The program
was designed so that each of the three universities hosted two teams. Each team engaged in
laboratory experiments in state-of-the-art research facilities under the guidance of their assigned
research mentor at their host university. All of the research projects focused on advanced
manufacturing and materials and included:

e Natural and Azo Dyes: Effect of pH on Color Process and Application — CSU

e Natural and Synthetic Dyes: Application to Fibers and Bioplastics — CSU

e Tensile Properties of 3D Printed Materials — Two teams — UD

e Influence of Machine Variability on Mechanical Properties of 3D Printed Polymeric

Materials — WSU
e Mechanical and Physical Characterization of 3-D Printed Conductive Polymers - WSU

During these five weeks, the RET participants spent three to four days per week in the lab at
their host university working on their projects and the remainder of the time engaged in
curriculum development, industry tours or other professional development activities. Among
these professional development activities included instruction on conducting effective literature
reviews and participation in a “Changing the Conversation” activity to provide the RET
participants with ideas on how to attract a more diverse group of students to the field of
engineering.?” 28 Additionally, each week, the RET participants were exposed to innovative
research and activities in the greater Dayton Region through a weekly speaker series facilitated
by regional engineers and scientists currently working on cutting-edge research in the area of
materials and advanced manufacturing.

Curriculum Development

Since one of the main objectives of this program was to facilitate the transfer of the engineering
research activities into the teacher participants’ classrooms, a significant component of the
experience was dedicated to curriculum development. As such, the teachers and pre-service
teachers participated in facilitated workshops and activities that focused on curriculum
development and inquiry-based learning. The teachers and pre-service teachers, with input from
their research mentors, the project PI’s and a curriculum development coordinator, developed
and wrote STEM curriculum that incorporated some of the concepts that they had learned from
either the ASM Materials Camp or from their research experience. Additionally, all of the
curriculum was designed to align with the state curriculum standards. To facilitate this process,
the program participants made use of a well-established, research-based curriculum template.?%-3
During a Curriculum Sharing Day held at CSU, each team had the opportunity to share the



curriculum they developed with the rest of the participants and invited guests. Each team was
required to provide an overview of their lesson and then facilitate a short sample hands-on
activity. A question and answer period was facilitated at the end of each teams’ presentations
which provided the audience with an opportunity to provide feedback and give ideas to the
presenting team. The curriculum developed through this experience is currently being subjected
to a vetting, editing and piloting process and will eventually be published on the Dayton
Regional Stem Center (DRSC) website, where it can be widely accessed and used by teachers
across the nation. A summary of the curriculum developed as a result of the RET experience is
summarized below:

Haul’n Oats - Targeted Grades: 8th-9" Engineering Design Challenge: A packaging company
is concerned with being more energy efficient and have hired you to move their product across
their factory. They are packaging oatmeal for two different brands, one that has a cylindrical
container and one that is packaged in a box. The product is packaged on the second floor and they
need to move it to a quality checkpoint on the first floor of the same room in their factory. Then it
must move through an elevated hole in that room to a second room of their factory and get to a
shipping point on the first floor of the second room. Your team will build a transport prototype
used to move both payloads as energy efficiently and quickly as possible.

Whoops! Here we go! - Targeted Grade: 9" Engineering Design Challenge: Students will design
a cell phone case incorporating geometric design and properties of matter that will protect a piece
of glass representing their cell phone during lab testing. In order to test their designs the students
will be doing a drop test 3 meters above ground. The students will have the opportunity to re-design
after initial testing. Students will be given the opportunity to tweak their design after completing
stations and receiving feedback from their peers.

Stick It! - Targeted Grade: 9" Engineering Design Challenge: After an investigation of various
geometric structures and their associated strength properties, students will work collaboratively to
design the internal structure of a hockey stick for a new school sledge hockey team. They would
like you to test the normal tension force strength and flexure associated with various types of
materials used in the sledge hockey stick. They have requested you to provide them with a brief
presentation on your findings.

Swiss Sled Emergency!- Targeted Grade: 5" Engineering Design Challenge: Students will be
presented with a sled design challenge. Students will work in groups to research the problem at
hand and develop 3 possible solutions for their sled design and materials to be used. They will then
choose one prototype that will have the greatest speed, go the farthest distance, and pass safety
testing. Students will build their prototype and begin testing on the ramp given. They will be given
the opportunity to redesign their prototype to increase performance. Students will record results
from their testing. The groups will create graphs that depict their data and find the average speed,
distance traveled, and safety rating for their prototype. Students will share their findings with the
class.

Dyeing to Design — Targeted Grade - 7" Engineering Design Challenge: A family has a three-
year old child and is expecting a new baby. They want to decorate the toddler’s new bedroom. They
have a fabric sample from a quilt they want to use on the toddler’s bed, and would like the room’s
colors to match. They are asking you to create a design pitch showing at least two different



materials colored to match with their fabric sample. Since there is a new baby on the way, they
would like the materials to be natural and safe if ingested. To help with reproduction of colors on
a larger scale for the room, they are requesting to have the colorant (solute), solvent, concentration
and absorbance levels, and other physical and chemical properties of the dyes used.

Change Your Mood, Change Your Color - Targeted Grade: 7" Engineering Design Challenge:
Members of the board of a local children's hospital are investigating ways to better serve their
patients. Currently, the walls of the hospital are tan and do not account for patient preference.
Board members have requested your assistance in designing and developing a paint prototype that
has the ability to change color based on patient preference. Their ultimate hope is to provide their
patients a little control in what typically is an uncontrollable situation. The Board has also
requested a brief multimedia presentation and demonstration of the proposed paint prototype.

Upon completion of the six-week experience, practicing RET teachers were selected to either
continue working on curriculum development through the DRSC STEM Fellow Program or to
pilot additional STEM lessons as a STEM Ambassador.

Program Assessment

The objectives of this program are being assessed both qualitatively and quantitatively. The
sources used to evaluate progress towards meeting the program objectives were teacher
responses to reflective survey questions; pre-program surveys about teacher attitudes, beliefs and
practices; work with DRSC during the follow-up academic year; and post-program surveys that
were administered in December of 2015. The program participants completed five
reflections/surveys during the six-week program. The questions were developed based on the
grant objectives and specific activities. The evaluator coded the reflections with ID numbers to
remove participant identification, and participants were advised that their responses would
remain anonymous. The questions were developed based on the grant objectives and specific
activities. Additionally, all practicing teacher participants completed Horizon, Inc.’s Local
Systemic Change (LSC) survey during the first week of the program and in December of 2015.%2
The LSC teacher questionnaire tracks systemic change in teachers’ attitudes and perceptions
regarding their mathematics and/or science content preparedness, pedagogical preparedness,
classroom practices, and principal support for math and science teaching. For the cohort,
changes in the attitudes towards teaching were significantly higher at the 0.01 level. Math
teacher participants completed the Mathematics Teaching Efficacy and Belief Instrument or
MTEBI.3® Science teacher participants completed the Science Teaching Efficacy and Belief
Instrument or STEBI during the first week of the program and again in December of 2015.3
Both the MTEBI and STEBI collect information about the teachers’ self-efficacy and expected
student outcomes.3* For the 2015 cohort changes in the Math and Science teachers’ self-efficacy
and expected student outcomes were not significant at the 0.05 level.



Results of the evaluations obtained as of January 2016 were mapped to the detailed program
objectives and are summarized below. Recommendations for adjustments are included at the end
of each objective summary.

Objective A: Teach engineering concepts to over 1,000 K-12 students over the project period,
including students from schools with a significant minority population: Participants represented
twelve different rural, urban and suburban Grade 5-12 schools. These schools have a percentage
of students on free/reduced lunch that ranges from 4.3% to 100% and a non-white population
that ranges from less than 1% to greater than 95%. In an effort to increase the impact to minority
serving schools, targeted recruiting will be done for the 2016 cohort.

Objective B: Develop inquiry- and team-based STEM curriculum and innovative pedagogy to
encourage interest in STEM and, in particular, engineering: Participants worked on using
innovative ways to design curriculum that incorporated the interrelatedness of different topics
and were challenging for students. They also learned to construct weekly lesson plans to enhance
the educational process. Teachers aimed to include different aspects of their training while

developing the STEM curriculum.
Our curriculum relates to our experiences in our research through the use of different
materials for different purposes. We are testing materials for their strength by tensile
testing. Our curriculum is based on having the students create a sled that will be
designed to go the fastest, longest distance, and safest. Students will need to use different
materials for their desired result.

We have an introduction to 3-D printing in our curriculum and properties of matter.

I learned how to make lesson plan based on Ohio curriculum. Using the scientific method
to teach students in class that become advance engineering ways such as Engineering
design challenge, what is a big idea, knowledge, instructional process, and career
connection
No recommendations were made for program modification in regards to this objective.

Obijective C: Disseminate curriculum deliverables through the DRSC website and professional
development workshops such as the STEM Think Tank: The curriculum will be available on the
DRSC website once it has been through a thorough vetting, piloting and editing process.
Additionally, this curriculum will be included in professional development workshops facilitated
through the DRSC. The results of this will likely not be available until the fall of 2016. As such,
it is recommended that statistics be kept regarding piloting and usage of curriculum deliverables
during the follow-up academic year.

Objective D: Spark the interest of the participants in STEM by providing them with the
opportunity to use modern engineering tools and to gain new knowledge of engineering:
Participants had the opportunity to learn about 3D printing, visit a Kodak factory, measure the



wavelength of light, use a propane torch, learn about specific structures of different materials,
and gain hands-on experience using modern technology. They also learned about new career

opportunities in the field of engineering.
I learned about the different additive manufacturing (3D printing) methods, and learned
about the FDM machines that we would be using to create the samples for our tests. We
were taught how to use the Insight program to create computer models of the samples
that we would be printing and why the orientation of the sample is important. We
researched the testing specifications and the materials that we would use. We toured the
facilities and saw some of the machines that we would be using for our testing.

I have learned about many different engineering careers that do not require a four year
degree, including forging. | thought it was very nice to have to speaker come in and talk
about his company because he not only provided a lot of information but he also offered
for us, as teachers, to bring in our students for tours of the company. I enjoyed designing
and testing a product that was new and cutting edge (nano-carbons parts made on a 3D
printer that may later be used for electronics). It is nice to learn while being on the
forefront of this research.

In the lab we were given free range to create these dyes using the given knowledge. We
were then encouraged to try new procedures that could result in new dyes. This was
satisfying because it gave me a sense of autonomy but was scaffold in a way that made us
want to keep trying new ideas.

No recommendations were made for program modification in regards to this objective.

Objective E: Understand the social relevance and ethical implications of engineering activities
related to manufacturing (human rights, environmental impact, etc.): Unfortunately, the social
relevance and ethical implications of engineering was addressed minimally during the industry
tours. However, through the weekly speaker series facilitated by regional engineers and
scientists currently working on cutting-edge research in the area of materials and advanced
manufacturing, one presentation discussed the social responsibility of engineering. It was
specifically noted that the engineer is to be a steward of the developed technology with the aim
to be the betterment of humankind. . The program will be modified for the 2016 cohort to more
explicitly include a discussion of these topics during industry tours. Specifically, feedback will
be requested regarding aspects of social relevance and ethics in each industry visit and laboratory
experience.

Objective F: Share knowledge, ideas and concepts working on teams with professional and pre-
service teachers, research mentors and industry partners. Participants interacted with engineers
and other professionals as a part of their training experience. They also had the opportunity to
collaborate with colleagues from other programs and work in groups in the research laboratories
and while developing curriculums. Teachers expressed that the experience was helpful for most
of them, with the exception being teams at one site reporting initial research organization
contributed to initial programming frustration that was resolved with the first week of research.



| really appreciate the team that | am working with. The team of teachers that | am
working with is great people who all work well together. | also appreciate the team of
professors and mentors that are working with us a UD. They are very helpful and great
to work with. The experience has been nothing but positive for me.

Meeting STEM professionals has made this experience very satisfying and will strengthen
my ability to have career discourse with my students.

In an effort to minimize the frustrations, program modifications, including developing a more
detailed research plan in conjunction with the research mentors will be implemented for the 2016
cohort.

Objective G: Acquire collaboration and networking possibilities through interaction with real-
world engineering industry and government mentors and partners: Teachers had the opportunity

to interact and network with professionals from different fields.
I found it very interesting to actually see various parts of the printers at Kodak. Anyone
can tell you about the process or the machines that are printing but it is a completely
different experience to be where it is occurring and see the parts in action. I also thought
it was very interesting to see the lab where the various colors of ink are made. At this
tour we were able to see the actual printers and learn about the history of Kodak.

Throughout the NSF-RET summer program our group has worked so well together at
solving issues that came up and celebrating in successes. Each member truly works well
together in the communication and collaboration of our research. This whole program
has been satisfying.

The most satisfying experience has been working with the other team members in our
group. We have overcome typical research problems by working together, and have
managed to have some fun doing it.
No recommendations were made for program modification in regards to this objective.

Objective H: Attain leadership roles in K-12 setting through the RET program’s professional
development component: Since the participants only recently completed this program, no
significant data has been collected yet to determine if this objective was met. However, one of
the participants participated in the 2015 Forum: Next Generation STEM Learning for All held on
November 9, 2015 in Washington D.C.% Four participants also presented their research at the
Dayton Engineering and Science Symposium held in November 2, 2015 at Wright State
University and all of the participants will have the opportunity to present at the annual Dayton
Section of the American Chemical Society that will be held at the University of Dayton in the
spring of 2016.% The participants’ engagement in professional development and leadership
activities will continue to be gathered during the follow-up year.

Obijective I: Achieve long-term collaborative partnerships with the regional university research
community, engineering professionals, and the DRSC through substantial follow-up activities:
Although there is evidence to suggest that relationships were developed, in an effort to better



assess if these relationships are truly “long-term” relationships, follow-up surveys will be
facilitated during the follow-up year and beyond.

Summary

The pilot year for the Inspiring the Next Generation of a Highly-Skilled Workforce in Advanced
Manufacturing and Materials program provided an integrated and real-world engineering
research experience for twelve in-service and five pre-service teachers. Teams were developed to
include the practicing and pre-service teachers and a research mentor and industrial mentor.
Initial data suggests that the program was successful at meeting a majority of the stated
objectives. The teams engaged in five materials and advanced manufacturing related research
projects at three universities. Additionally, the teams worked collaboratively to develop inquiry-
based and innovation-centered curriculum. The experience was enhanced through a one-week
immersive materials boot camp that was held in conjunction with the ASM Materials Camp.
Additionally, the participants engaged in materials and manufacturing related field trips and
lectures. Currently, the teacher participants are engaging in significant follow-on activities.

Qualitative data suggest that the pilot program was successful at developing collaborative
relationships with university faculty, other teachers and engineering professionals. Program
participants also attained new content knowledge regarding engineering, materials and
manufacturing as well as exposure to numerous modern engineering technologies, techniques
and careers. Through this program, six inquiry-based curricula that align with state standards and
bring in the concepts related to materials and manufacturing were developed and are currently
being piloted. These curricula will eventually be published on a website for wide distribution.
Additionally, the participants gained a better understanding of team work and group dynamics
which should aid them in facilitating team-based activities in the classroom. Quantitative data
gathered reflected significant positive changes at the 0.01 level for attitudes towards teaching..

Results of the evaluations will be used to modify the program for the next cohort. Specifically,
the project PI’s will work closer with the research mentors to develop a more detailed research
plan to ensure that the participants can make the best use of their laboratory time.. Additionally,
the program will be modified to more explicitly include these topics related to ethics and social
relevance of materials and manufacturing. Targeted recruiting will be done to attract more
program participants that serve schools having a larger percentage of student from populations
that are under-represented in engineering.
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