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ENGINEERING IN THE K-12 CLASSROOM: A PARTNERSHIP THAT WORKS

Janet deGrazia', Jacquelyn F. Sullivan?, Lawrence E. Carlson®and Denise W. Carlson®

Abstract ¥ Recently funded by the National Science
Foundation as an engineering “ GK-12" program, the GK-
12 Fellows program at the University of Colorado at
Boulder exploresinnovative ways for engineering graduate
students to provide in-class public K-12 instruction in
engineering, technology and physical sciences. Engineering
“Fellows” fill a crucial gap in the two-way exchange of
content and pedagogy between the College of Engineering
and Applied Science, and the K-12 community of learners.
Working through the University's graduate program
legitimizes K-12 outreach as a valid, and satisfying,
academic endeavor for graduate students

Index Terms ¥ engineering outreach, K-12 outreach, NSF
GK-12 program, outreach.

INTRODUCTION

Despite the pevesve influence of enginering and
technology in everyday life, the number of undergraduate
degress in enginegring has dropped nationaly during the
past severd years. Moreover, the proportion of engineering
degress earned by women and ethnic minority students is
sgnificantly less than ther representation in the generd
population. The primary god of the program described
herein, initiated in fadl 1999, is to explore innovative uses for
enginexring graduate Sudents to  serve public  K-12
cdassooms, with an underlying god of motivating more
students to choose a future in the engineering profession.

The  program  ddivers  handson,  project-based
educational curricula and activities to pre-collegiate students
and teechers, while providing an opportunity for K-12
dudents and teachers to experience the wonders and
opportunities of education and careers in engineering and
technology. In addition to providing resources to K-12
teeches and sudents, this GK-12 program modds a
meaningful partnership with K-12 teachers and schools, one
that could be adapted for use by other enginesring colleges.

Last year, the Natond Science Foundaion (NSF)
introduced the Graduate Teaching Fellows in K-12
Education (GK-12) program. The progran provides
fdlowships to qudified science, mathemaics enginesring
and technology graduate students to serve directly in K-12
dassrooms as stience and mathemetics resources (see Figure
1). The graduate felowships provide support for the

students research and their participation in K-12 dassrooms
aminimum of 10 hours weekly.

The Integrated Teaching and Leaning (ITL) Program a
the University of Colorado at Boulder was funded in 1999,
meking our dream for Creating an Integrated Engineering
and Technology Continuum become a redity. The K12 in-
class support by graduate students rounds out the extensive
ITL enginexring outreech program that indudes summer
resdent camps for under-represented minority high school
sudents, weeklong, handson enginering summer  cdasses
for dementary and middle school sudents, and weeklong
enginering professona  development workshops for K-12
teachers.

The GK-12 program is of dgnificant benefit for the
Fellows as wdl. In addition to traditional coursework and
ressarch, Felows receve training and coaching in teaching,
mentoring and communicetion skills. Their drong interests
in teeching and outreech are nurtured within the context of
their degree programs.

FIGURE 1
FELLOWS BRING STRONG ENGINEERING, MATHEMATICSAND SCIENCE
CONTENT DEPTH INTO PUBLIC K-12 CLASSROOMS.

PROGRAM OBJECTIVES

The emphass of the ITL Progran in the College of
Engneering and Applied Scence is on integraing
engineering theory with practice in a hands-on, team-based
learning environment. At the heart of the GK-12 program is
the ITL Program's commitment to share proven and
powerful learning by doing techniques with students of all
ars We bdieve tha handson, active learning enlivens the
learning process of al sudents so they more fully engage in
the excitement and sdifaction of ganing competency in
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sdence, math, and technology [1]. Towards tha end, we are
committed to furthering our partnership with the Boulder
Véley School Digrict (BVSD). This partnership will extend
the success of our handson undergraduste engineering
program by providing a unique graduaste Sudent learning
and mentoring experience that dso impacts the K-12
community of learners.

Thegoasof ITL's GK-12 program areto:

Create opportunities for GK-12 Fdlows and K-12

teachersto learn from eech other

Creste the conditions for successful  curriculum

development collaboration between the Fedlows and K-

12 teachers

Assg in applied technology, science and mathematics

ingtruction in K-12 dassooms

Exploit the Fdlows as effective enginearing role modds

for K-12 students (see Figure 2)

FIGURE 2.
FELLOWS SERVE ASREAL-WORLD ROLE MODELS FOR Y OUNG STUDENTS,
SHARING THEIR ENTHUSASM FOR ENGINEERING AND TECHNOLOGY .

Integrate the use of project-based, handson leaning
with the K-12 math, physicd science, and technology

curricula
Deveop the Fdlows teeching skills through an
exhange of Sdence Mah, Engineging and

Technology (SMET) conteit and teeching pedagogy
between Fdlows and teechers

Deveop the Fdlows communication skills so they
teech dudents a age-appropriate levels and intaact
with teachersin a sensitive, respectful manner

Enhance K-12 teacher SMET content knowledge by
integrating physicd sciences and math in experimenta

modules devel oped by the Fdlows

Enhance teachers content knowledge and
understanding of enginesring, thus hdping them
recognize  posshilities for goplying scdence and

mathematicsin engineering and technology contexts

Connect dementary and secondary learning to the
hebits and <ills required for further study in SMET
disaplines
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Increase
students
Graduate 20+ advanced engineering students with rich
K-12 outreach experiences that they will take forward to
their future careers, promoting engagement of the
engneering community with the K-12 educaiond
system.

the pool of qudified future engineering

PROGRAM ADMINISTRATION

The firgt three authors serve as co-principa investigetors for
the NSF grant. Sullivan and Carlson ae co-directors of the
ITL Program, and deGrazia is director of outreach. Together,
they manage the GK-12 program. In addition, there are six
faculty mentors, representing five of the six engineging
depatments in the College. The role of the mentors is to
provide oneornone supervison of individud —graduate
Fdlows, they dso serve as content resources. Mentors
recelve modest summer support from the grant, and
legitimize K-12 outreach as valid academic ativities.

FELLOW SELECTION

The recruitment and sdection of Fdlows demondraes the
interdisciplinary nature of the program. Much to our
satisfaction,  top-notch  graduste  dudents from  every
discipline in the College applied to the program in response
to recruitment flyers and posters distributed throughout the
College, and/or contacts with College faculty known to
vadue K-12 outreech. More than 30 gudents submitted
goplications. A résumé short academic history, and a
persond statement comprised the application. Ten students
from five (of sx engineering) depatments were sdected; we
were fortunate to be aile to gender-bdance Sdection
criteria induded a strong academic record, a commitment to
the program as evidenced by the persond datement, and
experience  working with children. To our ddight, many
successful  gpplicants  had  extensve  prior  experience
working with children to promote science literacy .

During the course of the threeyear program,
goproximately 20 graduste and eight undergraduate students
ae expected to paticipae. Through its emphass on
impacting the nature of science educaion, the felowship
atracts women and other members of underrepresented
groups who are often log in the stence and engineering
pipeline. As noted by Tobias[2],

“ Certain students, among them women and most likely
our second tiers, would respond better to science if more
‘cooperdive and interactive modes of learning’ were part of
the pedagogy, and if scientific knowledge were more closely
and explicitly linked to societal issues.”

FELLOW TRAINING

An important aspect of the GK-12 program is the
preparaion of the Fellows to honor their commitments to the
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public school digtrict concurrent  with  pursuit  of their
advanced dudies To ensure the Fellows were prepared to
succeed in the K-12 dassoom environment, the BVSD, the
CU School of Education and the CU Graduate Teacher
Program provided multi-faceted training.

We origindly envisoned a sxweek training program
prior to the Fellows entering the K-12 classrooms, but found
tha to be unredidic. Fdlows and teachers dike were
anxious to get the Fellows directly engaged with students as
“Engineersin-Residence” and timing was not suitable for
advenced traning because the K-12 academic year had
dready begun before the grant was received and Felows
were recruited. In future years, however, more extensve
training will occur in the two weeks prior to the gtart of the
fal samedter.

EXPLORING EFFECTIVE USES
FOR ENGINEERING FELLOWSIN K-12 SETTINGS

The passon for K-12 outreech—and the supportive
environment to bridge the ggp between CU enginesring and
the pre-college community—aready exisged within the ITL
Program team. The Fdlows entered an active K-12 outreach
program in which pre-college educatas are respected and
the chalenges faced by the Fdlows in the classoom are
vdued and, to some extent, understood. The common
motivation for K-12 outreech, as deemined during the
Fellow sdection process, provided a naura bond that
transcended ther diversty of research interests. Formd
team-building activities, the traning embedded in the
program, and regular team meetings promoted a sense of
support and camaraderie among Fellows.

Fellows Roles

Fellows were assigned to work a minimum of 10 hours eech
week with gpecific teachers in cdassoom  stings.
Responghilities  included developing curricula and  serving
a inclass content resources to teschers and students.
Ultimately, we sdected one dementary school, three middle
schools with both physical science and gpplied technology
programs, and three high schools one a vocaiond
dternative. Outsde of classoom time, Fdlows deveop and
pilot curricullum materids under the guidance of the faculty
mentors and their classroom teechers.

During summers, Fellows develop and co-ingtruct K-12
teacher workshops and children’s camps and classes sde-by-
dde with teachers and CU engineering faculty. In addition,
continuing Felows hdp tran new Felows during the
summer.

An important objective addressed  throughout  our
progran is a focus on enginering. We drive to have
Fdlows perceived and admired as engineers, not scientists,
furthering a belief that:

Scientistsinvestigate what is; they discover new
knowledge by peering into the unknown...

Engineers create what has not been; they make things
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that have never existed before...[3]
Applied Technology

All BVSD middle schools have Applied Technology Centers
that offer eective, hands-on modules in technology -based
topics. Applied technology settings are good matches for
enginering dudents, as daffing of these centers can be a
dgnificant chdlenge to the school didrict. Likewise,
Fdlows asss in the new high school-levd “daVing”
design, engineering and technology labs. These labs support
students in grades 9-12 to explore more than 40 hands-on,
integrated projects in aeas such as advanced robotics,
eectronics, computer and network troubleshooting, digitd

image processng, geogrgphic  informetion  systems  and
medical sciencestechnology.

Physical Science and Mathematics

Because physcd stience and mahemdtics are gateways to
engineering, some Fdlows were assgned to middle school
physcd science dasses, and high school physica science,
physics and chemigtry classes (see Figure 3). Mathematics
cdasses dso provide suitable dtuations to introduce
engneging  activities that cement the theoreticd math
concepts being learned. One Fdlow successfully developed
multiple hands-on components for an gh grade geometry
class.

FIGURE 3.
USING A HANDS-ON EXPERIMENT, A HIGH SCHOOL PHY SICS STUDENT
EXPERIENCES THE PRINCIPLES OF ANGULAR MOMENTUM ASTHEIN-CLASS
INSTRUCTOR FELLOW LOOKS ON.

One Fdlow devdoped a travding, handson
demonstraion emphasizing the importance of math to a
future in engineering and technology. Her “Everyone Does
Engneering,” emphesizes red-life enginegring and how it
dfects everyone's lives. Ddivered throughout the didrict to
20+ dementary through high school dassooms, the
interactive presantations were a hit with students.

Elementary Leve

At the dementary leve, it was anticipated that the Fellows
would have minima impact. We were soon proved wrong!
Perhaps our grestest impact on teachers and children in the
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fird year has been a the eementary level, where our pilot
dementary school  renamed ther sdence lab  the
“Engneering Lab” and committed that every dass
kindergarten through 5" grade, participates weekly in
enginesring adtivities that teach fundamental concepts.

Summer Outreach

Another important role for Fdlows is participation in the
summer enginegring outreach program. In addition to being
a time for Fdlows to regroup, develop curriculum,
emphesize training and prepare for the upcoming semeder,
summer is an essentid component of the GK-12 program.
Each Fdlow is expected to participate in multiple ways in
the summer and ther involvement is criticd to the ITL
Program's summer K-12 outreach offerings

The ITL Program has engaged in outreech to the K-12
community since its inception [4]. In 1998, the Colorado
Commisson on Higher Educaion (CCHE) designated the
ITL Program as a Program of Excellence and funded a five-
year, "K-16 Integrated Engineering Outreach”  program,
earmaked exclusvey for enginegring outreech to the K-12
community. The devdlopment of interactive, standards-based
science, mathemetics, and technology engineering
curriculum and activities is centrd to this program. These
maeids ae ddivered in wesklong summer classss for K-
12 children and weeklong summer professona devel opment
workshops for K-12 teachers.

Examples of the classes and workshops are: The Sounds
of Music (physics of music), How Do Things Work? (design
and buildng of precticd dectromechanicad devices), Too
Hot to Handle (thermodynamics for middle school children),
Kinetics for Kids Green by Design and Go with the Flow
(fluid mechanics for teens). Some Fdlows create, prepare,
tet and document handson activities. Others serve as
facilitators for the teacher's workshops, partnering with a
faculty mentor. Still others work with a partner instructor to
teach achildren’ sengineering class.

In addition, the “Success Inditute” an intensve two-
day, handson introduction to enginexring for loca high
school dtudents from under-represented cultural  groups, is
conducted eech summer. Fdlows desgn and document
curricular  ectivities, mentor sudent teams, and guide the
hands-on activities, working directly with the young inner
city students and their parents.

The am of these many and vaied year-round
opportunities is to provide learning experiences for Felows
that result in improved teaching skills, an appreciation for k-
12 chdlenges, enhanced communication skills on  many
levds, and an awareness that K-12 interaction is a lifdong
activity.

CONTINUOUS ASSESSMENT

To assist with the assessment and evauation of the GK-12
Fdlows program (among others), a CU School of Education
graduate student spends 20 hours per week serving as our
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asessment specidist, assiging  with  the  preparation,
administration and analysis of assessment tools to gauge
program success [5]. After the fird semester, a full program
review resulted in midyear program corrections for Felows,
teachers and faculty.

Prior to the review, a K-12 teacher survey was
conducted to solicit their input on program effectiveness and
suggestions for improvement. Results indicated relaionships
between fellows and teachers were good and that they were
learning from each other. Rdaionships between Fdlows
and dudents were maturing: the fdlows were consdered to
be excdlent role modes they rdaed wel with K-12
students, and were seen as “cool” and willing to hep.
Surprisingly, it was learned that student-Fellow contact was
much higher a dementary leve than a& middle or high
school. Teachers reported that Fdlows were opening
dudents eyes to enginesring, sarving as excdlent role
modds, hdping make connections between mah and
sdence, providing a hdpful second set-of-hands and serving
asaconduit to CU engineering resources.

It was clear that teachers initidly struggled to figure out
how to effectivdy use the Felows in ther classoom.
Iderrtlfledprograndwdlmgesmduded

Provide teachers with an better underganding of

program godls

Claify expectations of teachers and Fellows

Encourage teechers and Felows to schedule a regular

meeting time to collaborate and make plans.

A postive outcome of the teecher survey was learning
that 100% of the teachers wanted to continue with the
program, and would recommend the program to a peer.

L ESSONS L EARNED

A number of formative and summeative evaudion
methods were used to assess the program components [5],
leading to many lessons learned. One critical lesson was
redizing the importance of teechers dealy understanding
program gods, such as NSFs requirement and our desire
that the Fellows have extensve and direct student contact so
that dudents gan an awareness of enginesring as an exciting
and viable professon. When Fdlows serve as classoom
indructors, they are viewed by students as engineering role
moddsand asred people.

Mogt Fellows thrive when they independently develop
and present new curricular units, not contribute solely asa
background technician or teecher’'s ade to buld new
eperiments, ec. We leaned that, logidticaly, splitting
Fdlows between schools is ineffective, but team teaching at
the dementary level workswell.

Matched persondities (human chemisry!) and mutua
respect between teachers and Fdlows is a must for success.
Therefore the placement of Felows with gppropriate
teechers must be done carefully. When al works right, an
intellectual partnership between teacher and Fdlow yields
significant impacts.
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SIGNIFICANT SUCCESSES

Surprisngly, our most dgnificant early success was a the
dementary levd. Our patner school renamed its Scence
Room the Engineering Lab. The Felows a this school
developed a strong partnership with the teachers who trusted
them to teach ther class in the Engineering Lab for a portion
of each week. And, the children gained a new perspective m
who engineers are and what they do, going so far as to think
that engneersare“cool.”

A number of activities have been developed by Fdlows
to involve sudents in the crestivity and fun of engnesring.
These indude a Science and Engineering Club for QGrls,
developed in one middle school and ready to expand to a
neighboring schooal.

Program recognition has been a dgnificant success We
were contacted by a number of other schools in the digtrict
inquiring about the posshility of having Felows a their
schools. Graduate students in the College of Engnegring
quickly became aware of the program, and we received 17
goplictions for the remaning sx Year 2 fdlowship
openings. In fact, one outdanding civil engineering graduate
student chose to apply to CU in hopes of lging induded in
the GK-12 program.

The avalability of trained Felows has increased the
edent of hands-on outreach that can be offered from the ITL
Program. Prior to the funding of GK-12 Fdlows, academic
year outreech was limited to tours of various engneering
fecilities. Now, with the asigance of the Felows, tescher's
professona development seminars are conducted, middle
and high school sudents paticipate in hands-on activities,
and teacher's Magter's programs are presented.

PROGRAM CHANGESAND FUTURE THOUGHTS

A number of suggedtions for the program’s future will be

|mplementeddur|ngthene<ttwoyears,|ndud|ng
Identify two dgnificant engineering projects to be
developed and documented by each Felow, one during
the fal and one during the spring semester
Ask Fdlows to suggest high school enginesring projects
that give students agood exposure to engineering
Research hew hands-on demos and experiments
Deveop and present new experimental modules
Perform limited equipment fabrication / maintenance
Present “women in engineering” talks
Regularly tutor in the high school tutoring center
Condder usng one Felow dedicaed to providing
guidance solely on nationd competitionsa dl levels
Condder having one “roving” Felow to focus on math
and stience a dl levels
Require, up front, that Fellows commit to the program
through the K-12 academic year and into the summer,
which islonger than their University commitment
Pogt curricular modules on the WWW.
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After one year adminigtering this GK-12 program, we
have one lingering concern: Are we “ saving the saved?” We
know we are making an impact, but are we touching the
students who otherwise would not have the opportunity to
pursue or even consider a career in engineering? To that
end, we have made Year 2 plans to expand the program to
include an dementary and middle school that serve the
lowest socid and economic datus students in the area, and
that have dgnificantly lower test scores than neighboring
schools. We will place our “vetean” experienced Felows in
these schools.

Some additiond changes made for Year 2 indude
conducting recruiting earlier, scheduling a program planning
session with al participating teechers prior to the onset of
the fal K-12 semeder, and engaging seesoned Felows in
the orientations and training of the new cohort of Fellows.

CONCLUSION

The GK-12 fdlowships atract a diverse group of graduate
dudents intereted in the impacts of engineering and
technology on society. It is our hope that ambitious outreech
activities like this will simulate quaified K-12 students to
congder careers in enginegring and technology. We bdieve
tha enginering beongs in the K-12 classoom, not as
sdence, but as its own topic that provides a career choice to
students who previoudy had no idea of what it means to be
an enginer.

Looking back upon the first year, we conclude that the
GK-12 Fdlows Program hed a podtive impact on the K-12
children, teechers and schools who were involved. We will
continue to develop and refine the program for the next two
years to have the grestest posshle impact on the largest
number of sudents. And we intend to explore ways to
sustain this effective program after the grant expires, as well
a export this program to other engineering schools
throughout the US.
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