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December 2011 Executive Summary
The SPIRIT 2.0 Project — Progress, Challenges, ardext Steps

Introduction:
The following is an executive summary of the
December 2011 annual report for the activities and
results of the SPIRIT 2.0 Project, as funded by the
NSF-DRK12 program (NSF #0733228). The SPIRI
2.0 project follows a teacher professional develepim
effort that sought to help middle school mathensatic
and science teachers learn how to teach science,
technology, engineering and mathematics (STEM)
concepts using educational robotics, and was first
funded by the NSF ITEST Program (NSF #0525111
This second SPIRIT 2.0 project is now using these
trained, creative, and enthusiastic teachers imiévelopment of a cyberinfrastructure-based
curriculum to assist in the teaching of STEM consesing educational robotics. This second
SPIRIT effort is completing its fourth of five yeaof funding. The SPIRIT 2.0 project has also
resulted in a new educational robotics platforniedahe CEENBOT, which has received NSF
Phase | production support for a University of Nedia startup company (NSF SBIR#
0945280) and is now being routinely produced fdwost orders, with newly enhanced versions
distributed frequently during the last year. Téw®cutive summary discusses the SPIRIT 2.0
project as funded by DRK12, and how it is systeaadiff undertaking its curriculum and
robotic platform development efforts.

A Summary of the SPIRIT Activities and Results: ,

 The SPIRIT 2.0 project has lead to a new flexible}
inexpensive, educational robotics platform, calle|/ i,
the CEENBoT (Computer and Electronics

by a University of Nebraska startup company |
(CEENBOT Inc.). This non-profit company was |
awarded a NSF SBIR grant, for initial refinemen
in the CEENBOT production, and is now producing ClBBTs and fllllng orders from
various schools and other educational organizagoosnd the country.

» The project has now supported intense professamaelopment activities for 305
mathematics and science teachers (primarily misich@ol) in educational robotics, in
extended multi-day workshops, that also led to soreative ideas for lessons.

* The SPIRIT 2.0 project has led to the prototyparoonline educational robotics curriculum,
that as of December 2011 now includes more tharens, standards-mapped
assessments, construction tutorials, robot gamesa avide number of support materials, that
have been professionally edited with a team oficulum and content experts.
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» The lesson cyberinfrastructure for the SPIRITRQject includes an innovative modular
lesson structure, that partitions lessons into émmponents, including A - asking questions,
E — exploring learning, | — instructing learning—-®rganizing learning, and U —
understanding what has been learned. Lessonseceeabched and combined by a teacher,
along with classroom assessments, that can betoseeate tailor-made sequence of
activities.

* The lesson cyberinfrastructure is also includingage of released standardized test questions
associated with many of the lessons. These sastantelardized test questions are from
sources such as the National Assessment of Edneaffwogress (NAEP), or other
organizations that have released their items. diiems can be used by teachers to test
students on the STEM concept topics covered iretlugational robotics lessons.

» The CEENBOT robotics platform now includes theataility to be programmed by use of a Tl
Graphing Calculator, an Application Programmingtfdce (API) or an open-source
Graphical Programming Interface (GPI).

» Surveys related to the SPIRIT professional dgwelent efforts with teachers have
documented positive changes in teacher percepoiotheir instructional competence in
educational robotics, engineering design, electsyraooperative learning, and problem-based
learning.

» Early in the project criterion-referenced test |
data of students involved with trained SPIRIT
teachers, although limited for project
interpretation (due to the way these tests are
administered by schools) have been
encouraging. Of the 29 groupings of student
examined (N = 1058), a total of 21 classes
scored above their school averages on the
related criterion referenced tests, and a total
23 groups scored above district averages. \

» Using more consistent attitude and content assests, results were encouraging for short
duration pilot tests (4 hours) using a controli@get series design, with students participating
in a pilot test of individual SPIRIT lessons andindties (N = 141). A dependent t-test
showed a significant increase in STEM attitudg428) = 6.92, p <.0001, d =.62). A
similar t-test for content topics showed a sligitrease in scores (pre M = 16.57, post M =
16.81); however, the content-related increasethfsrshort intervention were not significant
(t(131) =.91, p =.36). In comparison, the cohgyroup analyses indicated no significant
increases in either category.

» Longer duration pilot tests have included conterd attitude efforts with several SPIRIT
lessons, including middle school math (N=12), médsithool science (N=18), and an
engineering topics class (N=7). The math classvedamprovement on the content
assessment (Pre M=13.25, S=3.98; Post M=15.0003=8(11) = 2.83, p = .016) as well as
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the attitude assessment (Pre M=127.5, S=23.6;WWa340.3, S=17.61;t(10) =3.23,p =
.010). However, the other two classes did not skigwificant improvement on either
assessment, leading to refinements in both thess®nts and the lessons piloted.

» Carefully organized field testing efforts hawdidwed pilot tests done early in the project.
During the summer of 2010 and 2011, and the wimteak of 2010/2011, fieldtesting efforts
of 3 day durations with multiple SPIRIT lessons evandertaken with middle school students
in Robotic Camps held at Gross High School in Omaledraska (total N of 87 students).
After a series of SPIRIT lessons, students in dabtitest showed significant increases on
selected content items (p < .05), a STEM Intemegtmtory (p < .05) and on selected
questions of a STEM Coursework Interest and Expiecissurvey (p < .05).

» The students attending the 2010 and 2011 CEEN®whwecases, as part of the Nebraska
Robotics Expo, took pretest and posttest surveysngimeering concepts, programming
concepts, and engineering design, as well as STifdes and selected workplace skills
including teamwork and problem solving. Surveybath years, showed increases in several
engineering concepts (p < .05), attitudes aboense (p < .05), attitudes about problem
solving (p < .05), and on the overall workplacdlsknstrument (p < .01).

» The undergraduate CEEN department also did agtlaly with their seniors in their
undergraduate engineering program (N=27) and cuoefirthat the CEENBoT was a strong
contributor to student perceptions of learninghiattprogram. This result was encouraging to
the SPIRIT project in that the CEENBOT continuedbéouseful in higher education
coursework, even though its capabilities were begfiped especially for middle school and
high school instruction, adding encouragement tdwiae goal of a flexible, K-16 use.

» Working closely with the 4-H organization anceadership team from the University of
Nebraska at Lincoln, the project has contributedrt@nline virtual CEENBOT program, that
Is a robotics simulation that will be distributed4-H clubs and camps. Field tests of this
intervention showed improvements on seven “bigstiealated to STEM concepts in an open
ended and rubric scored assessment instrument.

* The SPIRIT project is also posting STEM lessivos the NSF funded Project SHINE (NSF
#0903157) into the interactive lesson databaseje€&rSHINE is using the SPIRIT lesson
format and has agreed to make the lessons avaiaBIBIRIT teachers. These lessons are
focused on business/industry connections to STEM iaclude a variety of robotics related
topics, such as energy, mechatronics, electromdsstrial robotics.

» Some lessons in the SPIRIT database may bewisiedhore than one robot platform (such as
looking at acceleration) but are written primafity use with the CEENBOT. It is hoped that
the wide variety of SPIRIT lessons, and the fldiypof the CEENBOT platform, will
encourage a wide group of teachers to visit thesiteland to consider educational robotics in
the teaching of STEM concepts. We are hopingttieatjuality of the lessons will also
encourage them to consider the CEENBOT platforfedening tool carefully aligned with
undergraduate coursework), as their platform ofaghfor educational robotics activities.



Page 6

Working closely in partnership with the NSF FeddsearTech21 Project (PI: Dr. Brad
Barker), the SPIRIT leadership team helped to predand edit the book: "Educational
Robotics in K-12 Education”. The book is editedog. Bradley Barker, Gwen Nugent,
Neal Grandgenett (CoPl: SPIRIT Project), and Viathel. Adamchuk. The book will be
published by IGI Global (www.igi-global.com) andssheduled for release in early Spring
2012. The research-based book contains a chapteed&SPIRIT project, as well as chapters
from various projects and authors contributed famound the World.

With the advance of new technologies, such ad,iRablet computers, and mobile phones, the
SPIRIT project is keeping pace with the integratbdmew technologies. For example, there
is a development underway by the technical teamake the CEENBOT compatible with
remote control by the Android mobile phone, andaliggment underway by the educational
team to make the lesson cyberinfrastructure aVailabteachers over an iPad.

Project Challenges (Now being addressed in SPIRIY. 2

As the SPIRIT project scales its support of edional robotics nationally, teacher training is
becoming difficult to do cost effectively. In resgse to this challenge, the SPIRIT Project is
beginning to offer workshops for teachers at magmferences, such as the 2012 International
Technology and Engineering Educators Conferendepimg Beach California, March 15-17,
where teachers will participate in a 3 hour worksho introduce them to the CEENBoOT
platform and SPIRIT Lesson database. This is a&most effective paradigm for teacher
training.

It was difficult to examine academic successydarthe project using existing district
criterion referenced tests, within the classroofitt® SPIRIT teachers, particularly when
they undertook a relatively mixed set of lessonBis challenge has led to a more structured
pilot testing and field-testing efforts, with mdoeused pretest and posttest assessments.

» The establishment of student comparison groupssdificult in the SPIRIT project, although

a pilot comparison group of 141 students was sstekyg established. Few teachers and
parents wanted to be part of a traditional “congralup”. To address this comparison
challenge, classrooms willing to be in a contraugr (and take the pretest-posttest
assessments) were provided with a large educatiobatics event, following the posttest.
This has helped to recruit control group subjects.

» The use of educational robotics in STEM instmettan be seen as a significant financial

investment by school districts, involving a needrfew robotics equipment. In response to
this challenge, the SPIRIT project is refining aaxpensive, flexible, and open source
robotics platform that can use scrounged parta/edisas off the shelf parts, called the
CEENBOT. This platform is attempting to steaddyvkr the costs for school robotics use.

* The SPIRIT project is facing the challenge ofdarcing and repairing CEENBOTS, as well as

providing technical support, on a rapidly expandingle. To assist in robot production and
repair, a University of Nebraska startup compangESBOT INC.) has been established.
The company is still early in its evolution, andsidifficult to keep pace with the demand for
CEENBOTSs by schools and other organizations.
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Internet Site(s):

SPIRIT Education Components of the Websitehttp://www.ceen.unomaha.edu/TekBots/SPIRIT2/

SPIRIT Cyberinfrastructure Prototype: http://spirit.unomaha.edu/

SPIRIT Video Clip Sample http://www.ceen.unomaha.edu/TekBots/Shared/VideddotronQ7/

SPIRIT General Website: http://www.ceen.unomaha.edu/TekBots/

UNL » CEENBoT/ TekBot Site ¥ SPIRIT 2.0 Education

CEENBoT/ TekBot Robotics Programs CEENBoT SPIRIT 2.0 Partner & Supplemental
Home NEirdi= B Uik Srbnr Showease Education Participating Materials

v roil aver for full navigation w

CEENBoT / TekBot Site
SPIRIT 2.0 Education
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Silicon Prairie |nitiative for Robotics IN

| nformation TechnologyZ.O
(SPIRIT 2.0)

Annual Report Narrative
December 1, 2011

Annual Report Purpose:

This document is thé%year annual report for the SPIRIT 2.0 projectyBecember
15, 2011. It is submitted as a stand-alone evialuaéport attached to the NSF FastLane
system. Parts of this report have also been ahiete the FastLane system directly, through a
copy and paste process. The SPIRIT 2.0 reportsepte the work of many professionals
engaged with the project and provides a summarthopast curriculum development activities
and results related to the DRK12 grant funding (M8F¥33228).

“If you want to go quickly, go alon#.you want to go far then go to together”
African Proverb

Project Focus:

The SPIRIT 2.0 Project has continued to evolvenfem initial SPIRIT 1.0 ITEST
project (NSF #0525111), which undertook three yeatsacher professional development
efforts, to now involve these teachers and othacation and engineering experts in an
“educational robotics touch point” curriculum demeient effort, as funded formally by DRK-
12 in this grant project (NSF #0733228). Both@RIRIT efforts are consistent with the
standards-based learning discussed by many profedgirganizations, related to science,
technology, engineering and mathematics instrugti®mkE, 1999; ITEA 2000; NCTM, 2000;
NAS, 1996), within a relatively new context of edtional robotics.
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This SPIRIT Project responds directly to a growmadgional concern that the United
States’ educational efforts are not producing ehdsigEM (Science, Technology, Engineering
and Mathematics) professionals, especially as cosdpga many other countries around the
world. National reports such as the 2@®i6ing Above the Gathering Storm Revisifgint an
increasingly alarming picture for U.S. competitiess in STEM areas as summarized across
educational reports and statistics (National AcagleiSciences, 2010). U.S. competitiveness
concerns relate to sample statistics such as: 31965 patents are now awarded to non-US
companies (Donohue, 2010) and that the U.S. nolsraiith among developed nations in the
proportion of college students receiving undergea€uegrees in STEM areas (Organization
for Economic Cooperation and Development, 2009 Uhited States government is
becoming increasingly concerned by these alarmatigmal statistics to the point that President
Obama, in his 2011 State of the Union Address,tiled STEM education concerns as our
nation’s new “Sputnik moment.”

Formal educational organizations (such as univessénd K12 school districts) must
come together with informal educational organizai¢such as zoos, museums, 4H and STEM-
related businesses) to help make STEM concepts abwee and to help students to see
relevance and excitement in what they learn. Edmcalt Robotics is an opportunity to do just
that as undertaken in SPIRIT. Today we live ilmanging world for STEM instruction where
the components of a truly effective STEM educagarmironment are changing rapidly as
computer technology impacts the ways in which weteach and learn about these important
disciplines (Heid, 2005; Hegedus & Kaput, 2004)b&cs technologies are particularly
exciting in this context, and offer a promise olplireg to better reach students who are part of a
new generation of digital natives who prefer tedbgg-based learning (Prensky, 2000)

The SPIRIT teacher professional development effgeserally preceding the
curriculum development efforts, have sought toteaeher professional development as a
driver to transform the culture of mathematics aci@nce instruction, as well as to empower
student interest and achievement through revi@/imguiry-based activities using robotics.
The SPIRIT teacher professional development effangscontinuing, since we recognize that
effective teacher professional development is avagiable for educational reform in
mathematics and science (Loucks-Horsley et al.32Bhardson, 1994) and middle school
grades are often where some of the most importamtrgl mathematics and science instruction
is undertaken (Adams et al., 2000). SPIRIT’s vidamthis teacher professional development is
to continue to refine our effective teacher profesal development model to support the
integration of educational robotics into the midsidool; to train middle school science and
mathematics teachers in engineering design prieipy the use of educational robotics; to
help teachers plan for the integration of educaitionbotics into regular science and
mathematics instruction; to try out lessons thaythave developed for the SPIRIT curriculum;
and to try to increase student success by betiehneg all of their students, in any
demographic category.

As an extension of the initial professional devetemt effort undertaken in the first
SPIRIT project, a second project, called SPIRITWa8 conceptualized to build upon the
creative synergy of these teachers, and to cremiede school educational robotics
curriculum by 2013. The curriculum will compriseet of instructional modules organized into
flexible, Internet-accessible lessons and lesspp@i materials. This SPIRIT curriculum is
targeting the instruction of specific topics ordtt points" in science, technology, engineering,
and mathematics (STEM). A total of 305 teachershls&e now been trained in SPIRIT
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summer institutes, workshops, and graduate couasesiow routinely contributing lesson and
classroom ideas to the SPIRIT 2.0 curriculum degwalent efforts. Thus, the focus of the
SPIRIT 2.0 curriculum effort consists of: 1) to é&p a Grades 5-8 educational robotics
curriculum that will enhance the student learnihn@®EM concepts; 2) to refine curriculum in
an extended development process, using peer ecaapgrt review, pilot testing, and field-
testing; 3) to integrate a series of assessmetutshia curriculum; 4) to extend the newly
developed CEENBOT platform with technical enhanaaimenardware tutorials, software
guidelines, and a Graphical Programming Interfag¢eo create a cyberinfrastructure support
environment, including a flexible sequencing ofalfriculum materials; and 6) to scale the use
of the curriculum, by use of national workshopse WWave made significant progress in all of
these focus areas.

Review of Intellectual Merit and Broader Impacts:

As of December 2011, and the project has progressedSPIRIT to SPIRIT 2.0, the
project staff have worked hard to maintain bothithellectual merit and the broader impacts of
the project, as originally described in both of pinejects (ITEST and DRK12). Those
important intellectual merit and broader impactsidarations are now reviewed.

Theintellectual merit of
the project is representég both
the professional development mod
undertaken within the initial
SPIRIT project (funded by ITEST),
and the “touch point” curriculum :
being developed in the SPIRIT 2.0"
project (as funded by DRK12). The
ability to now work closely with
SPIRIT trained teachers as a sourg
of creative ideas and developing
lessons to support an evolving
educational robotics curriculum has
been_critical to our success to date
in curriculum development. The ;
intellectual merit of the project is also represenby the new “open source” CEENBOT
robotics platform, that was initially conceptuatize the SPIRIT project, and that is now being
refined with teacher input. Further, this teadhput has led to a robust SPIRIT
cyberinfrastructure strategy for the flexible dely of lessons to teachers using the Internet.
This further curriculum development effort of thRIBIT project (as supported by DR12) is
creating web-based mechanisms for teachers tot sglepatible lesson components by grade
level, STEM topic and national standards, as wetha use of an electronic “On-Call
Technician” that will be able to eventually diagadSEENBoT malfunctions and eventually
guide teachers in repair and maintenance stratefiesoverall SPIRIT project has also led to
several relationships with school districts thatéhagreed to pilot test and field test the
evolving curriculum resources and that work is pesging nicely to refine the curriculum and
to investigate the impact of its use with students.
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Thebroader impacts of the projecthave focused on supporting the use of educational
robotics in any school district across the courtoward a more creative learning of
mathematics and science at the middle school I&bel.use of an “open source”, less
expensive, more flexible, and more realistic rad®platform (the CEENBOT), than is available
in the commercial setting, that is also supportgd free, engaging and online curriculum,
allows for a broader participation by schools in@ational robotics. Further, by helping
SPIRIT teachers (who have participated in extensdwecational robotics professional
development) to systematically contribute to thelewng educational curriculum, the
curriculum activities can more effectively addreksssroom realities, and build upon the
natural creativity and ideas of these experieneadiers. These SPIRIT teachers are also
becoming local, regional, and potentially natioried|e-models” for the use of educational
robotics in STEM instruction, and as of 2011, ds® aow assisting in leading national
workshops, such as a major national workshop atipceming 2012 International Technology
and Engineering Educator’s Association ConferefitEEA). This consistently expanding
SPIRIT network of teachers is also becoming a Baamt source of experience, guidance, and
encouragement to enhance the curriculum and issopporting the pilot testing of individual
lessons and the field-testing of multiple setsestbns within typical classroom settings. The
ideas of these innovative SPIRIT project teachakefalready been directly integrated into the
evolving curriculum and its resources, that nowudes teacher lessons, support materials,
assessments, sample standardized test questicmsictd tutorials, teacher professional
development guidance, and an interactive cybestrinature support environment. As the
project continues to expand and evolve, the SPRbJect also promises to support a greater
general awareness and appreciation of engineenishgeghnology (representing the T&E of
STEM), as these two disciplines connect to innaeagicience and mathematics instruction

The Initial TekBot Platform:

One of the keys to the instructional promise
for educational robotics is the potential engagame
and motivation of students with the robotics platfo
itself. Successful middle school curriculum often
needs a motivating context (Adams et al., 2000;
Greenwald, 2000), and robotics can be a motivatir
topic for students (Heer et al., 2003). The first
SPIRIT ITEST Project was initiated with the TekBc
educational robotics platform, which is a flexible,
hands-on platform for learning developed by Oreg
State University. The TekBot was a useful
educational tool to provide a motivational student
context for STEM learning. This mobile roboticabrm was able to demonstrate a number of
STEM concepts within an engineering environmerdiuding microprocessors, mechanics,
wireless communications and control, and sensibi@so has the benefit of being able to use
limited “scrounged components” that one might faxdund the local electronics store, hobby
outlet, or surplus parts store. However, we qyiekiolved in SPIRIT 2.0 to creating our own
SPIRIT educational robotics platform called the GIBBT due to some significant limitations
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with the TekBot platform, related to its use witldimiddle school classroom and its often
extended and rough handling by middle school stisd@md teachers.

The New CEENBoT Platform: ey,
Our work in the SPIRIT project has led us
to develop a new educational platform that was
similar to the TekBot, but significantly enhanced | §x
and expanded, as well as more readily modified = *
students, called the CEENBOT. This platform we
more compatible with the rough handling by : s
middle school and high school students. The g4
versatility of the platform allows for a greater L
diversity of learning environments including in- .
school, afterschool, at-home and university sesting
Relative to the VEX and the LEGO robot,
which are advanced consumer toys with simple “dra
and drop” programming software and limited expost
to electronics engineering design, the CEENBoOT
offers a more modifiable platform, in various verss,
with non-proprietary off-the-shelf (OTS) electronic
hobbyist components for creative learning, invodvin
diversity of possible activities from hardware
implementation, experimentation and software
language development, all in an “open source cohte
that is completely open to user experimentation.
Relative to the
TekBot learning platform (developed by Oregon State
University), the SPIRIT Project's CEENBOT also off@ more
robust platform for learning that is more durabie augged for
extended activities, is less prone to accidentaladge, and comes
| with a larger prototyping board to help studentdesign possible
enhancements. The CEENBOT also uses more ruggeudsyand
steering components. Both a multi- board and sibghad version
is available, as shown %
above.

: . The CEENBOT was
developed by engineering faculty and studentseat th
University of Nebraska’s Department of Computer and B
Electronics Engineering, building upon feedbackrfro
SPIRIT Teachers in K-12, and working closely witle t
faculty of the University of Nebraska at Omaha'dl€i
of Education, which has helped to synthesize sumgges
related to the CEENBOT's current successful migrati
into the K-12 environments and strong embrace lddfai
school teachers and students.
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Participants

1. What people have worked on your project?

The following people represent the leadership téarthe SPIRIT project:
PI. Dr. Bing Chen, Computer and Electronics Enginge(iDEEN), Peter Kiewit Institute
CoPI: Dr. Neal Grandgenett, Teacher Education, UnivesitNebraska at Omaha
CoPI: Dr. Elliott Ostler, Teacher Education, UniversitiyNebraska at Omaha
Senior: Dr. Bob Goeman, Teacher Education, University ebiska at Omaha
Senior: Mr. Dennis Deyen, Engineer and CTO, CEENBoOT INC
Senior: Mr. Roger Sash, Computer and Electronics EngingeReter Kiewit Institute
Senior: Ms. Alisa Gilmore, Computer and Electronics Engirieg, Peter Kiewit Institute
Senior: Mr. Herb Detloff, Computer and Electronics Engineg, Peter Kiewit Institute
Senior: Mr. Steve Eggerling, Computer and Electronics Bagriing, Peter Kiewit Institute
Senior: Mr. Bill Schnase, Teacher Education, UniversityNebraska at Omaha
Senior: Ms. Brian Sandall, Mathematics Teacher, Westsidm@unity Schools
Senior: Mr. Ken Townsend, Computer and Electronics Enginge Peter Kiewit Institute
Senior: Mr. Jim Harrington, Mathematics Supervisor, Om&hiblic Schools
Senior: Mr. Chris Schaben, Science Supervisor, Omaha ®68iahools
Senior: Mr. Steve Hamersky, Physics and Technology Spsti@maha Catholic Schools
Senior: Dr. Gwen Nugent, Educational Researcher, UniverfiNebraska at Lincoln
Senior: Mr. Bill Schnase, Teacher Education, UniversityNebraska at Omaha
Senior: Mr. Jim Wolfe, Teacher Education, University oflidaska at Omaha
Senior: Dr. Paul Clark, Teacher Education, University aflixaska at Omaha
Senior: Dr. Mike Timms, Measurement and Evaluation, Wal@tgek, California

In addition to the Project Leadership Team, d wit&805 teachers have now been fully
trained in the SPIRIT project and many of thesetiees have been actively involved in the
SPIRIT curriculum development activities. Of thadkers trained to date, a total of 45% are
male and 55% are female. The project has beenpleaged with its female teacher
participation, since one of the long-term inter@dtthe project has been to increase the number
of female role models in STEM.

2. What other organizations have been involved gmrtners?

The Omaha Public Schools (OPS) remains a stroigpatiner in the SPIRIT Project,
and has contributed significantly to the teachefgssional development planning and
curriculum interactions of the SPIRIT effort. OB&olls more than 50,000 students in urban
neighborhoods and is an ideal partner in the SPIRITDRK12 curriculum development efforts
and the related pilot testing and field testinghaf educational robotics curriculum. Nearly
80% of the state's African American students, 6@% @ state’s Hispanic students, and 35% of
the state’s Native American students are enrohe@PS. At least 90 languages from across the
world are spoken within the homes of the OPS distri

In addition to OPS, the SPIRIT project has essaleld a close working relationship with
the Metropolitan Omaha Education Consortium (MOB@)ich also includes OPS, for various
curriculum pilot testing and field-testing efforfdOEC is a collaborative organization
involving the University of Nebraska at Omaha, ttheteen metropolitan area school districts,
and two educational service units. The MOEC cangorinvolves nearly 100,000 students,
and is a catalyst for identifying high priority isss common to member organizations. MOEC
has offered to help communicate with area schaitidis and to help to identify potential pilot



Page 14

testing and field-testing sites within their corigon, as the SPIRIT 2.0 project becomes ready
to test and refine the new curriculum.

Educational Service Unit #3 in Omaha, Nebraskaalssbecome a valuable partner in
the SPIRIT project in teacher recruitment and ovpling a general awareness of the project
within MOEC. ESU#3 has also been a key partn&eiping us to establish various control and
comparison groups for our curriculum pilot testanyl field-testing strategies. Some initial
efforts at pilot testing and field-testing havesaldy been undertaken and more are planned as
part of the SPIRIT 2.0 curriculum refinement efforin one of the key pilot testing efforts to
date, which has used a time series design (expldater in the report), ESU#3 asked a
designated mix of teachers to have their studekes the project’s pretests and posttests in a
specific period of time (without using the robotioaterials). Then after the posttests were
completed, the SPIRIT project held a three to foaur robotics event at ESU#3 for all the
participating students and teachers in the compaugsoup, where some specific SPIRIT
lessons and activities were piloted. This providemnvenient set of student comparison data,
while also providing some instructional benefits dontrol students, after the comparison group
data was received. We also undertook several slaed field tests during 2010 and 2011
(described later in the report), and are also phapan expansion of those efforts during 2012,
where the individual SPIRIT lessons will be furtipdot tested, and sets of SPIRIT lessons will
be field-tested in the systematic curriculum refireat efforts of SPIRIT 2.0.

3. Have you had other collaborators or contacts?

Continuing in 2011, the SPIRIT Project he= )
undertaken a close lesson development partners .
with Project SHINE a recently funded NSF
Advanced Technological Education (ATE) Projec
at Central Community College in Nebraska
(NSF#0903157). Project SHINE is developing
STEM lessons that have a business theme to the
with many of the lessons related to industrial
robotics, energy, manufacturing, or mechatronics
These lessons have a strong business connectic
them and businesses worked with the teachers t
develop the lessons. The SPIRIT team is workiongatly with Project SHINE to put the
lessons developed into a compatible AEIOU lessamdb so that the lessons can also be added
to the SPIRIT lesson database. In this way, SPiBd€hers can springboard from their
educational robotics activities, into related STBMivities (such as mechatronics, electronics,
industrial robotics, energy, etc.). A total of 18BINE lessons have now been added to the
SPIRIT database, with nearly 150 in the pipelioe gventual free use by teachers.

The Peter Kiewit Institute (PKI) has remained asty collaborator throughout the
ITEST professional development funding and congnagea strong partner now into the SPIRIT
2.0 curriculum development funding. PKI facilitie€lude two academic colleges, the College
of Information Science and Technology (UniversityNebraska at Omaha) and the College of
Engineering (University of Nebraska-Lincoln) of whithe Department of Computer and
Electronics Engineering is a member. With 2,5Q8ltstudents engaged in IT in programs
leading to a Ph.D., the PKI forms a powerful ediatet! entity with considerable regional
outreach and has strong corporate support, aparap$R50 million. In addition, through its




Page 15

Technology Development Corporation, PKI is affdéidtwith the Scott Technology Center,
which is a technology park within the PKI complex.

As envisioned in the initial proposal, the UNO @gk of Education took an aggressive
educational leadership role in the teacher pradessidevelopment and lesson development
efforts in SPIRIT. That expertise is now focusedtwe curriculum development efforts for the
SPIRIT 2.0 project and the related DRK12 fundingj, teacher professional development
continues. In many ways, this represents an impodustainability step for the project, since
the SPIRIT educational effort continues to grow amdlve under the direct collaboration and
interest with teachers. The College of Educatsowell suited for this management role and
project sustainability, and has undertaken sucakssfriculum and teacher professional
development projects for the past fifteen yearsriyegg with NSF funding as a Center of
Excellence in Research, Teaching and Learning (P2@®). Additional leadership was also
undertaken in a NSF Urban Systemic Program (20@%R20rhe UNO College of Education
has also received national awards for its curricuwork, including the Great City Schools
Leadership Award (2004) and the NASA Mission Honvea#d (1995).

During 2011, the SPIRIT project also establish@ita working relationship with the
Nebraska Advanced Manufacturing Coalition (NAMCydheir STEM outreach project, called
“Dream It - Do It”. In this new collaborative effip the NAMC is already funding a large set of
CEENBOTSs for ten different rural school districtedeexpects to fund more schools as the
project evolves. Lead teachers from each of tisé¢ ten districts have now been trained (again
at NAMC expense). These teachers will undertalectsd SPIRIT lessons and activities, in
support of their classroom educational roboticegration, as well as our curriculum pilot
testing and field-testing efforts. A brochure ammaing this important partnership, as well as
information about the NAMC and its business andigtd/ representation, is included in the
appendix of this report.

Project Activities and Findings

1. Describe the major research and education actitves of the project:

Technical Research in SPIRIT:

While undertaking the early SPIRIT educational tatsoefforts, our team found that
there were some significant limitations to the ediamal platform that we were originally
using, that of the TekBdtom Oregon State University. Although realistiorfr a computer and
electrical engineering perspective and able toeddedd scrounged electronic parts, the TekBot
was far too brittle for the rough handling of middichool students, and the small size of the
TekBot made adding new components difficult (susla aobotics arm). During the last year of
the ITEST project, and continuing with the DRK1foetfs, we have designed our own “open
source” educational robotics platform called theEBIBoT (Computer and Electronics
Engineering Robot) and we are continuing to imprand refine the CEENBOT as part of the
continued SPIRIT 2.0 effort.

There has been significant research and designge®gn the enhancements to the
CEENBOT educational robotics platform and its techhoptions, during the SPIRIT teacher
professional development efforts, and now intofthither curriculum design efforts. The
CEENBOT represents the development of a more ruggddlexible platform for student
experimentation and enhancement. It can inclutferdnt chassis features (wheels, supports,
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etc.) as well as different microprocessors andasnsTlhere is now a 324 CEENBOT that is
currently available as well as a new ARM 9 versidime 324 CEENBOT includes a number of
operating modes for different levels of K-12 edismatwireless remote controller, bump bot
operating mode, Application Programming Interfac@&Bl (in beta test stage), Tl graphing
calculator mounted on a CEENBOT (in beta test maded an open source Graphical
Programming Interface (GPI). Both the 324 and ARM9e designed to accept a Global
Positioning System (GPS) for GPS navigation adtigitThe ARM9 was chosen for its ability
to operate with a Linux based operating systenovigling a robotic platform with an open-
source operating system such as Linux opens thedfgseripherals and applications to those
more commonly suited to computers. Typical peniplsesupported include WiFi wireless
networking, CMOS cameras, keyboards, etc. This ARWEENBOT includes a new Lithium
Iron battery supply with longer run times througmare reliable and energy efficient circuit
design, compatibility with Lego Mindstorm sensacen driven programming options,
LabVIEW compatibility, interchangeability of the AlRfamily of microprocessor platforms, an
enhanced graphical programming interface, and ginggdsembly options in kit form.

In addition, work is underway to establish a magenous production process for the
CEENBOT and to refine the educational robotics mewdl tutorials, schematic diagrams, and
instructional videos/clips associated with buildthg CEENBOT. These technical resources,
like the educational lessons, will soon be delilsbrdo teachers within the flexible online
retrieval environment that helps teachers to sétectechnical documents that are the most
relevant to their educational context and to thkissroom goals. It is important to note that the
technical research surfaced in the early SPIRI@r&ffas a result of significant problems with
the TekBot rather than as an initial goal in thejget. However, we feel that the transition to
the CEENBOT and its continued development has heary important and very positive
outcome of SPIRIT to date. The CEENBOT platform basn widely embraced and there
continues to be a waiting list of delivery orders.

Modular Lesson Development and Cyberinfrastructure:

As mentioned earlier, the SPIRIT cyberinfrastruetisrcontinuing to be designed
around a unique modular and flexible approachgede retrieval for teachers related to
educational robotics. This cyberinfrastructure watsally conceptualized by teachers
undertaking SPIRIT professional development, ambis being refined in the SPIRIT 2.0
curriculum development efforts as funded by DRK12the SPIRIT cyberinfrastructure, the
Science, Technology, Engineering, and Mathema8d%£M) disciplines are being integrated
through the instructional use of robotics thatrsiitg support the learning of STEM concepts
that are already taught at the middle school leWélus, the SPIRIT robotics curriculum is
being mapped to curriculum "touch points” wherehess can use robotics to illustrate middle
school STEM concepts, such as an algebra teacshiig the concept of slope while
investigating the steepness of a ramp that a rcdoosuccessfully transverse. A total of more
than 260 lessons (along with support materialsghaw been fully developed and are resident
in the SPIRIT cyberinfrastructure system, whickastinuing to be refined. This new
cyberinfrastructure system, as well as the lesaodsmaterials stored within it to date, are more
fully described later in the results section of teport. A core set of lessons relate to
introductory algebra and middle school science,randy any of the lessons involve a variety
of integrated STEM concepts. Lesson developmelhtamtinue into the SPIRIT 2.0 efforts,
and lesson pilot testing and curriculum field-tegtis also being undertaken as part of the
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curriculum development efforts. STEM topics are@dising added and expanded as the current
SPIRIT lessons are further tested and modifiecficiency within the cyberinfrastructure
environment.

The SPIRIT lessons are using a modular designextdat the education team (referred
to as the AEIOU method) that allows for the lessomponents to be interchangeable and
selected by teachers based on individual lessaisneEhe AEIOU components include A-
Asking Questions, E - Exploring Concepts, | - lnsting Concepts, O - Organizing Learning,
and U - Understanding Learning (or assessmenth Wis AEIOU strategy, a well-established
base of critical and well done lesson componeniisaslow for a flexible retrieval of lessons
and lesson components, as desired by a teachertasicurriculum. The AEIOU method
allows a user to select individual components s$das within a five-part model of lesson plan
construction, so that each component can stane atorcan be easily removed from a lesson if
desired by a teacher, or can even be replacedavattmponent of the same type, for a slightly
modified lesson. A sample lesson is included enappendix. The AEIOU lesson components
are further detailed in the following description.

SPIRIT Lesson Format:

A — Asking questions: This component is designefddditate an initial classroom
interchange of questions and ideas. AAbomponent may include a prompt-type
guestion in an engineering or scientific formatanodel of good questioning.
TheseA components may also include video clips, graptenarios, and other
hooks to empower students to become curious anduesitions.

E — Exploring concepts: This component helps sttedenstudy, experiment,
conjecture, and to instructionally play with théotics equipment in the context of
the questions that were asked in #heomponent.

| — Instructing: This component is the key compadménhe lesson plan and is designed
to instruct students in the formal core proces$¢iseoSTEM topic that they are
studying. Many of thé components are designed to service a broad rdrgyade
levels by separating topics into vertically artetield units:recognizablgerms,
conceptuaterms,mathematicaterms,processerms, an@pplicableterms. For
example, beginners might explore a topic like slttpeughrecognizablderms such
as “steepness” whereas advanced students might toutheapplicationof slope by
exploring changes in slope based upon what thethge®bot do during ramp or
various movement experiments.

O — Organizing learning: This component is desigieallow students to participate in
a guided practice environment where they mighttergeaphs, develop charts, solve
problems, and make decisions based upon what #neylbarned from thie
components as well as what they have observedtfiemquestions and
explorations in thé andE phases.

U — Understanding: This component is designed atefiective ways to assess how
well the varioud components have been addressed for studentsU €bemponents
include a number of unique assessment instrumieatsange from short quizzes,
games, to tests and worksheets, to projects, egorgtive writing.

The AEIOU lesson components are also being “tayged arranged within an
electronic database of similar components to &tribeds of an individual instructional topic, or
eachl component. For instance, for a given instructioopic such aslope there may be
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many of each of the other vowel components thatagyged to fit that particuldr A teacher

may chose, at their discretion, from among thosepmments that best fit their needs, guided by
the interactive website. Once the individual comgras have been selected by the teacher, the
website will further help the teacher to organize tomponents into a cohesive set of lessons
including all of the ancillary documentation (i.@qrksheets, web links, assessment
instruments, etc.) and then print this set of irdli@lized curriculum materials.

The editing process for lessons has been vergmydic and extensive. Each lesson is
carefully edited, by use of a review team thatudels a peer teacher, a content specialist, a
professor of learning research, and a technicaéwriA diagram flowchart of the lesson writing
and editing process is included in the appendix.

The Use of Standardized Test Questions

The SPIRIT project has also integrated releasettiatdized test questions into the
assessment options for teachers. The selectedesasgessment items are matched to the ‘I’
component of the lesson sections. The matched ig@ensultiple choice items that are selected
from released international (e.g., TIMSS), natiqiead)., NAEP), and state assessment sources.
Permissions are being sought for the use of timesitdut many are non-copyrighted. These
items are intended as examples of the sorts otigneghat can be used to assess student
learning in the topic. Future enhancements to #isessment system will also allow teachers to
create a customized test of standardized test itStretegies are being explored and
conceptualized that might permit the items to leraatically scored. Such a future system
might then provide reports to the teachers on grpmance of their students. Most of the
components of the lessons will have a set of 3staddardized test questions associated with
them, representing a page of sample test itemsample page is included in the appendix.

For some of the scheduled field tests in 2012, vileselect a pre/posttest from the
released items on approximately four topics. Eaelfppsttest will comprise 25-30 items on the
topic. To ensure the reliability of the assessnesttuments, we will run item level statistics
(p-value and point-biserial) and test level (raligbcoefficient) analyses. Items that perform
poorly will be modified or deleted from the finastrument. The test will be administered to
students prior to participation in the summer pangrand at the end of the programs. We will
analyze gains in learning from pre to posttesttastfor significance (t-test). To ensure that the
observed gains are attributable to the interventatimer than just test/retest effects, we will
also administer the pre/posttest instrument integrasummer program that is not focused on the
topics covered in the field test. The time betwdenpre and posttest will be the same as for the
intervention group. Then learning gains for theméntion group can be adjusted for the
test/retest effects.

Professional Development with Teachers:

As part of the original SPIRIT teacher professlatevelopment efforts and that now
forms a foundation for more extensive curriculumelepment in the DR K12 project, survey
research was conducted with 97 teachers that attiethe first three years of the initial SPIRIT
professional development efforts, as well as 2thees that attended a fourth year of
professional development in Columbus, Nebraskae féarth year of professional development
at Columbus was undertaken at no cost to NSF, rmir&eCommunity College, due to a grant
that they received from the Nebraska Departme#idoication. Another 93 teachers
participated in SPIRIT related graduate class&s\#d. Another 94 teachers have been trained
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in multi-day individual school efforts, and suppaattby organizations such as Dream It Do It.
Thus, a total of 305 teachers have now participaieither an extended summer workshop, in
multi-day school-based sessions, or in a projdeted graduate course. Such trainings are
continuing to expand the base of the SPIRIT teachkle to contribute to curriculum
development, as well as pilot testing and fieldibgsefforts. The ongoing strategy of these
teacher professional development sessions werdrtaluce the teachers to engineering
principles and basic electronics, as well as tavstiem how to construct the robot and to
generate lessons ideas and draft lessons for io@impg educational robotics into their own
STEM instructional responsibilities. Topics coveneduded problem based learning; the
educational advantages of STEM integration; theiplisie of engineering; a comparison of the
scientific method to the engineering process; tiggreering design process; engineering design
tools; and the use of an engineering notebook. rAtiwee technical topics covered included
assembly of the robot itself; electrical circuitsptors and electrical components (such as
resistors and capacitors). The results of thesigsional development activities, related to
teacher perceptions, are provided in the resuttsoseof the report.

Data Collection with SPIRIT Students and
Comparison Groups:

Continuing in 2011, the SPIRIT project
has collected a range of data with students bof
during the early teacher professional
development efforts and the later field test
efforts, to help to examine whether the
educational robotics lessons are having any
impact on student achievement. The SPIRIT
project is now refining and expanding this
student data collection effort as a more
systematic curriculum pilot testing and field- i
testing process, building upon what was learndtierearly pilot testing of early draft lessons.
The results and discussions of these data anadysescluded in the results section. The data
analysis activities that have occurred with stugsiéotdate are summarized below, and are
separated by efforts undertake early in the prpgead the more sophisticated later efforts.
Many of these analyses used a control or compagsmup, but could not be randomly
assigned, due to district restrictions. The rasoitthese initial pilot test analyses are further
discussed in the results section of the reportreave also been published in several refereed
articles, also detailed at the end of the report.

Initial Pilot Testing (Student Data Collected in the 2009/2010 phases of the SPIRIT Project

Type of Student Data Collected N = Comparison Group  Results(explained in results)
Criterion Referenced Test Scores (CRTIN=1058 | School and district | Encouraging, but CRT scores for
(Compared the CRT scores for students mean Scores for thg impact analysis was limited, leading
in a teacher’s class with school/district same CRTs to other strategies.
Short Duration Pilot — Content/Attitudes N = 141 | Students were own| Significant attitude improvement
(Used content and attitude tests beforg comparison group in for STEM was found, after a 4 hour
and after a 4 hour robotics intervention a time series design| robotics intervention.
Math Class Pilot — Content/Attitudes | N=12 | Students were Significant STEM attitude and
(Examined a full semester mathematics compared to earlier | content increases were found, wit
class and eight SPIRIT lessons) comparison group | particular content increases in maTh.
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Science Class Pilot — Content/Attitudes N =18 | Students were Some improvement, but not
(Examined a full semester science class compared to earlier | significant, on content and attitude
and eight SPIRIT lessons) comparison group | assessment instruments.
Engineering Pilot — Content/Attitudes | N=7 Compared to contrgl Some improvement, but not

(Examined a full semestel’@rade

engineering class and eight lessons)

data from the time

series design.

significant, on content and attitude
assessment instruments.

As the curriculum has continued to be refined,gt®ect has been able to expand the
field-test efforts, and to undertake multiple sEtSPIRIT lessons with a particular group of
students in a more careful research design. Tlowsthe individual lessons to be refined,

along with the curriculum itself.

SPIRIT Field Testing (Types of Student Data Collead in 2010/2011 Phases of the SPIRIT Project)

Type of Student Data Collected N = Comparison Group Results(explained in results)
Summer 2010 Robotics Field Test N=29 Students were their| Significant increases on a content
(Middle School Robotics Camp own comparison test, interest test, and survey about
compared content and interests (Time series) future STEM coursework students
assessments in a three day camp) were interested in taking.

Virtual Robotics Test 2010 (Middle) N=8 Students were their| Significant increases on a content
(A Virtual CEENBoOT program from 4-H own comparison test related to seven STEM “big
Robotics, was tested in a four day 4-H (Time series) ideas” associated with the program.
summer camp)

2010 Nebraska Robotics Expo (Middle) N =74 | Students were Significant increases on engineering
(Students attending the CEENBOT compared to non- | concepts, science attitudes, problem
Showcase of the Nebraska Robotics participants in after-| solving attitudes, and a general
Expo were surveyed for STEM interests) school clubs assessment of workplace skills.
January/Holiday 2011 Robotics Test | N=37 Students were their| Significant increases on computer
(Middle School Robotics Camp own comparison programming concepts, workplace
compared content and interests (Time series) skills, and STEM interest
assessments in a three day camp) assessments.

Lewis & Clark Field Test 2011 N =46 | Students were own| Significant increases on STEM “big
(Middle School Robotics lessons comparison as well | ideas” including variables and
undertake with two classes of middle as compared to engineering design. Significant
school students) earlier camps increases on STEM attitudes also
Summer 2011 Robotics Field Test N =21 | Students were their] Small but significant increases on

(Middle School Robotics Camp
compared content and interests

assessments in a three day camp)

own comparison
(Time series)

computer programming and sensa
concepts, attitudes toward STEM

and interest in STEM careers.

Further Data Collection with SPIRIT-DRK12 Students (Expanding data efforts):
Moving into 2012, the student data collection andlgsis continues as the SPIRIT
curriculum development evolves and now expandsnmice refined pilot and field-testing.
Building upon what was learned early in the projdue SPIRIT 2.0 project is now undertaking
more extensive educational robotics lesson piktirtg and curriculum field-testing with
various sets of lessons. The SPIRIT Project isicoimg under IRB approvals (IRB 443-09
EX) for these efforts to undertake more refinedtdnd field-testing within the Metropolitan
Omaha Education Consortium (MOEC), which is a dieeget of 13 school districts within the
Omaha metropolitan area, representing more thajfpQ0Gtudents. The pilot testing of
individual lessons lasts approximately 1-3 houtsilevfield-testing a group of individual

lessons may involve from 5 to 40 hours of instuttiin larger events such as in summer camps

or in regular classes within the academic year.
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As the SPIRIT pilot testing and field-testing et®are expanded in 2012, we are
building upon what we have learned in early effantthe project. The lessons that have been
targeted for further pilot testing and field-tesgtivill focus directly on core STEM topics
already being taught within the typical school mutum. This pilot testing process, expected
to continue during the duration of the SPIRIT 2r0jgct, will seek teacher volunteers each
semester, within MOEC to pilot test at least thedacational robotics lessons with students in
their classes. The students will take a pretegtoamsttest on core robotics-related STEM
concepts, as well as an attitude assessment arcecitechnology, engineering, and
mathematics (STEM) interests. The educationalticbtessons will then be refined based
upon this feedback. The assessment instrumentsoanea partnership with the NSF ITEST
GEAR-Tech-21 (NSF #0833403) project and have beeviqusly tested for reliability and
validity. We are also using released standardiegstiquestions, as well as open form
guestionnaires scored with rubrics. These assedsrage described further in the results
section, and represent focused collaboration betwe=two NSF educational robotics projects.

In support of the initial student comparison grgupcess, in 2009 and 2010 we
established a set of classrooms that took the sreees instruments as a pretest-posttest
baseline, with no robotics activities to get foutna@al data for no intervention. This group
then took the assessment again after a short édini@atobotics intervention of about four
hours. These “control groups” took the assessneetdtal of three times, which included
taking the assessments one to two weeks aparthand third administration of the
assessment, after the four-hour mini-interventiomeward the students and their schools for
their comparison group participation. The four-hmtervention essentially piloted SPIRIT
lesson components as well as introduced studemducational robotics in a fun, hands-on
setting, in which the whole school could particgaf his “event” also allowed the project to
retrieve data on the effectiveness for the fourrhotervention to potentially impact the STEM
content and attitudes of the students. The restilfsese mini-intervention sessions are
described in the results section of this repottis Buccessful control group strategy is being
continued for selected efforts of into SPIRIT coufum testing and refinement process.

Beyond being a reward for the data retrieval precte series of short-term three or
four hour mini-interventions were also conductethviine intent to briefly introduce youth to
robotics through the use of hands-on experimematihile we did not expect such a short
duration post-control group session to have lastongceptual learning, we did expect that this
introductory experience might provide some inigatitement for youth about robotics and
perhaps even increase their interest in roboficalso functioned as a recruitment process for
further control group sessions and to encourageheza to be trained in SPIRIT professional
development sessions. As the pilot and field-tgstiontinues to expand in 2012, the content
and attitude assessments of these longer duratoapg will be contrasted with this expanding
comparison group of students who do not receiverabgtics instruction between the pretests
and posttest assessments.

Further SPIRIT Pilot Testing and Field Testing Procdures Plans:

We have learned a lot in SPIRIT about working w#hchers and students, which have
allowed us to strategically evolve from local teacchrofessional development to national level
curriculum development and refinement. As the $PIRO project undertakes further pilot
testing of individual robotics lessons, we areni@fy our procedures for pilot testing. In these
efforts, teachers from the Metropolitan Omaha EtlanaConsortium who have previously
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attended a summer SPIRIT Educational Roboticstirtstare being asked to volunteer for the
lesson pilot testing process, by use of an e-roale list of these 305 trained teachers. If a
teacher is interested, they send a return e-m#ilg&PIRIT project stating their interest,
experiences, and general background, which iswwadeby the research team, and if
appropriate at teacher is invited to do a well-Bmalireview of the lesson. In this process, we
then agree to support the teacher by sending aigt@adtudent to help with activities such as
videotaping the lesson, administering some feedbacks, and loaning extra CEENBOTS if
needed. This instructional support appears tanbegh incentive for teacher participation,
since the teacher gets an extra “pair of hands’sante materials to help support the lesson in
the classroom.

If selected to participate by the research teanfuidher pilot testing, the SPIRIT
teachers are also invited to various Saturday mgrmieetings, describing the lesson pilot
testing process and discussing the approval proesduf they agree to participate after this
overview session, the teachers sign a consentftmrmilot testing, along with participating
students (and parents). Teachers pilot educatrobatics lessons of their choice, from the
database of educational robotics lessons (httpWween.unomaha.edu/TekBots/SPIRIT2/).
Teachers distribute consent forms to their studentse signed by parents and returned to the
teacher, and then to the researcher. Teacherstadents complete a short survey feedback
form after the pilot testing process to providestasrefinement suggestions. If appropriate,
students may also be asked to take a pretest atidgtoon their interests and content,
particularly if multiple lessons are pilot testedl significant work is involved in the pilot
testing, the participating teachers may also recaiuniversity voucher for $100 to sign, which
will initiate project payment for their participan in this lesson evaluation activity.

The consent form for pilot testing describes thateducational robotics lessons will be
relatively short in duration, interesting to stutigrand that the lessons will map to standard
educational content already within the studentsficulum. The consent form also provides
background information on the possible assessntemts given to the students. These short
assessments represent at most, and another 6Gemofugtudent time. The student assessment
instruments that are now being used in the SPIRbjept are well-developed instruments, and
represent some significant improvements over earigruments used in the early phases of the
SPIRIT project. They have been developed in coliative work with the GEAR-Tech-21 NSF
Project, under the direction of Dr. Bradley BarkdSF #0833403) and have been previously
used and validated within a variety of educatia®tings, summer camps, and after-school
programs including previous work within the MOE@aischools (Barker, Nugent,
Grandgenett, Hampton, 2008).

In the further field-testing efforts planned thetpapating teachers remove any student
names, on all the assessments, before sendingtthién® SPIRIT project researchers. They use
a numeric ID for the names, such as Student 1,e&t#] etc. However, consent forms will
continue to retain the student names when thegeareto the researchers. Thus, consent will
be able to be verified by name, but student assgsdata will not have any names attached to
this information. The pilot testing and field-tesf results to date are described later in the
report in the various results related sections.
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Online Course Development:

An ongoing effort of the SPIRIT project is alsandiate an online approach to teacher
professional development, as represented by ogladuate courses and online components of
in person or blended graduate courses. The ootinese and course components focus on
teaching educational robotics to interested STEMHhers across the nation and for the offering
of graduate credit, as a way to extend and sustaiteacher professional development initially
conceptualized for the SPIRIT grant. The piloeafig of the online course was done as a face-
to-face offering during the summer of 2008 and sitieen, modifications of the course or its
various online module components have been offgmedigh December of 2011, with
expectations for more extensive offerings in 20$2veral offerings have used a blended
course format (some instruction done in personsamde done online). The course is entitled
“TED 8010 Seminar in Education: STEM Robotics” and three credit hour graduate course
designed for any level of elementary, middle, ghhséchool teacher. In addition, “TED 8410
Improvement of Instruction in STEM”, as well as “DB970 — IT and STEM Working
Connections” have used various online componentiseofourse. Some courses and modules
have included the building a CEENBOT from a kitngdl helping teachers to develop a set of
educational lessons for their own classroom ustheiQraduate courses and modules have
used the online SPIRIT cyperinfrastructure as a wdyave a focused online component for
teacher training and curriculum development. Adsgdhe courses and modules, particularly in
an online independent study format, are availabt®nwide, to teachers interested in taking
the course, as well as for supporting their legy@hbout the use of educational robotics.

During these graduate course experiences, studenexpected to think about STEM
and educational robotics teaching, learning andaudum writing in creative ways, focusing on
not only improving student learning, but also oarkmg student interest. Another optional
activity in the course or course modules is fockes participants to identify a compatible
selection of SPIRIT lessons and to use them wamkers. These courses and course
components are a model for future course offermigfsin a national context, which also might
involve community colleges. For example, a comrnyucollege instructor in another state
could teach several sessions locally (supporting B0 T construction) and a UNO College of
Education professor could teach the on-line sesgqwupporting curriculum development). The
enrolled teacher could get graduate credit from JBi@l the community college instructor
could receive an instructional stipend for assggtiith robot construction in the course. Finally,
this course model will strive to help educatorbétter understand what it takes to teach with
the robots, the advantages of such instructiomedisas the challenges faced for such STEM
learning environments.

Virtual CEENBOT Collaboration:

A team from the Global Challenge
Project, led by Dr. David Gibson, has createc
virtual CEENBOT simulation program that will
soon be available and particularly targeted at
H organizations. Dr. Gibson is an Associate
Research Professor in the School of Social
Transformation at Arizona State University.
The Virtual Robotics application is a multi-
platform software program that has been
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developed within the context of an overall curnisuldevelopment grant led by Dr. Brad
Barker (University of Nebraska at Lincoln) and feddoy the National 4-H Organization, that
targets providing students with a general introiuncto robotics in a virtual world. The
application has been developed as an educations gawhich students work in a virtual
laboratory to investigate the nature of roboticd #ren build and test a virtual CEENBoT. The
students are guided in this process by completisgyias of levels that get more challenging.
Students must also record observations, their cegigds and experiment results in a notebook.
The hub of the ' Win e asEE s
program experience takes ERusEEES e

place in the Virtual Robotics
Laboratory, which has tools _
for youth to use as they
explore the program. There
are six activity areas in the =
lab. A Whiteboardwith a
“To Do” list for the current
module and to read
instructions for the different
activities you need to
complete. AVideo Screeto
view movies of real-world
robots in a variety of
settings is available. Aable
is in the center of the room
where there are virtual books that provide backgdanformation in Science, Programming,
Engineering, and haptop Computewith a programming interfac€omputer Kioskslong the
wall hold animations and small simulation experitseand &helfalong the wall holds robot
parts needed for assembling or redesigning a Virtipmt.

After the CEENBOT has been built the students featn to drive it in a manual mode
using the keyboard of the computer. Next they leabasic programming language that allows
them to design and develop a specific a progransoadse of action for the CEENBOT so that
it can operate autonomously. These skills are tlsed in real world situations in the next
level. Students undertake specific “simulated” jtiet robots can do such as fire control or
uses in agriculture. In these levels, studentrezegs build virtual features for the CEENBoOT
that will complete a specific task. Then they depeh program for the CEENBOT that it will
execute. The students then test the CEENBOT tthseé performs properly. Once it performs
as they think it will they move into the game mad@perate the CEENBOT in a simulated real
world situation.

The SPIRIT team is excited to continue to work vidth Gibson and Dr. Barker to
continue to help to refine the virtual CEENBoOT praxm that will have particular applications in
4-H programs across the country. Such virtual ticb@xperiences may be very useful to
teachers in both formal and nonformal learning emrnents, to help support students with a
richer educational robotics experience that blemdse and “hands-on” classroom learning
activities. Field test results of this program described later in the report.




Page 25

2. Describe the major findings resulting from thesectivities:

Robotics Platform Results to Date:

As described earlier, the work in the SPIRIT pecojeas led us to successfully
develop a new educational platform called the CEENBThe initial teacher professional
efforts with Oregon State’s TekBot found that thetfjorm was too fragile for use by
middle school and high school students, and tHadtstructural limitations in the ability
to add onto the platform. A prototype of the neBEDIBoOT educational platform was
used with teachers early during the SPIRIT 2.0gr&ince then it has evolved to a simple,
durable, flexible and feature-rich learning platfior The CEENBOT is more compatible
and flexible for the inquiry-based use and roughdfiag of students. The versatility of the
platform also allows for a diversity of classroondandependent learning environments
including in-school, afterschool, at-home and ursitg instruction. The CEENBOT offers
a modifiable platform with many non-proprietary-tifiie-shelf (OTS) electronic hobbyist
components for supporting a diversity of possildertenhancement activities ranging from
hardware implementation, operational investigatialesign experimentation and software
language development. We designed the CEENBoT fedtures such as high-quality
precision motors, an AC charger, interchangeabledvheels, wireless remote control
capability, large prototyping board for enhancensemd experimentation, peripheral
interfaces for communication, and various prograngmptions. CEENBOTSs are
packaged as kits, partially completed or fully cdegd robots. Peripherals and software
for the CEENBOT are in various stages of develogpaamd include add-on GPS, graphing
calculator interfaces, alternate wireless contratspn-board video camera, robotic arms,
and graphical programming interfaces.

In the SPIRIT project’s continued efforts at refigithe CEENBOT platform, we are
striving for the development of a reliable robotckicational platform that is ready to be
produced at a low cost, and that can be supposteddyber infrastructure-based
curriculum. This is a challenging undertaking, but progress has been steady, and our
foundational work in the SPIRIT project has serusdvell in refining the platform. We
have identified and resolved technical issues @CHBENBOT has been introduced into the
grade 5-12 classrooms. The CEENBOT has also Imeenporated into Electronics and
Engineering coursework at the University of Nebeesloepartment of Computer and
Electronics Engineering, as well as partner institis that include South Dakota State
University, the Rose-Hulman Institute of Technolp@ulsa University and Howard
University. Each school is working with us to enbaits educational efficiency and
classroom utility.

A number of improvements in software and hardwareheen achieved during the
NSF funding to support the CEENBOT for nationatmlsition. These CEENBOT platform
achievements and further plans include the follgnancomplishments.

1. We have improved the energy efficiency of the CEBNBo that the robot will operate
for three or more hours of continuous use on aeidgarge and the charging cycle can
be completed overnight. Its long operating timppsrts many instructional uses in
grades 5-12 and for university classrooms as vedibaoutdoor use, where some robot
activities, including GPS mapping, may take sevikaairs to complete.
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2. We have reduced manufacturing costs
(currently around $200 per robot) and are
designing the successor to the curre
platform to cost around $100. Schoo
in SPIRIT’s educational arena are
very cost sensitive and reducing the
product cost while providing a qualit
product will help leverage CEENBo
production, distribution and utility for
educators. A thorough cost analysi
is undertaken quarterly, as we
steadily evolve from DRK12
curriculum efforts to national
dissemination.

3. We are improving the CEENBOT to make it as feafilled and economical as
possible. The new chassis design is easier todsdy students, requiring fewer
hand tools and time to complete. The design ustésnaped and folded aluminum
chassis, anodized to produce a bright, appealilay,c@ harder finish and to prevent the
rubbing off of aluminum. The chassis uses newtarnglesigned wheels with a solid
rubber tread for better traction on various surdeoeind in educational settings. The
CEENBOT electronics have been redesigned to reclste update components, correct
performance issues and add new features such gsajbleing calculator interface.
Firmware has been improved to add more user fe&dhamg charging and use, and
to improve reliability.

4. We implemented hardware and firmware to allow tE&E=QBOT to be controlled by
graphing calculators. Our SPIRIT Teachers have aocdar this feature with the Texas
Instruments’ TI-8x family of graphing calculatosuhd frequently in schools and
STEM coursework. Graphing calculators are also athewed for use on the PSAT,
SAT, and ACT College entrance exams and AP testaenquite commonplace for
use in grades 6-12 and university coursework. Thgept's technical team has
documented the use of TI BASIC and the communinatfeatures of the calculator to

access and control sensors, motors and

output devices of the standard

CEENBOT model. Graphing

calculator compatibility allows the

CEENBOT to physically illustrate

various functional relationships often

only shown visually on the calculator,
such as having the robot drive in a path

illustrating a sine curve. Controlling a

CEENBOT with a graphing calculator

opens up the educational use of the

CEENBOT to a vast number of

teachers and students, who are already
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using graphing calculators in their STEM coursework

. Our next generation CEENBOT robot design includes a
feature to control robots with commercially avaitab
smart phones. Several school districts have already
approached us about the use of smart phones wath th
CEENBOT and the Department of Homeland Security h
shown interest in funding some of our evolving ezsb.
For the CEENBOT, utilizing an existing platformdila
smart phone, provides inexpensive educational adoes
common smart phone features such as GPS, mega-pix
cameras and custom programmability, allowing the
educators and students to utilize a wireless affghelf
controller like a cellular phone. The SPIRIT teicah
team is developing prototypes of the interfaces, I/
controller boards, and software.

. We are working to make the CEENBOT as environmgntaéndly as possible and we
are very sensitive to the need for environmentaigndly features. One of the rapidly
changing technologies that we are addressing isrlgathemistry. The early
CEENBOT platform, initially developed by University Nebraska students, used
Nickel Cadmium (NiCad) batteries. NiCad batteryhtemlogy has drawbacks including
memory effect due to crystal growth from overchaggiand disposal considerations
when the battery is no longer useful. NiCad battefection and recycling are
required under US Federal Law (Material Safety D20®7). Every bad CEENBoOT
NiCad battery-pack would require the disposal df 4gpound of toxic battery waste.
Battery technologies employed on the CEENBOT nastuishe Nickel Metal Hydride to
replace tge NiCad packs on the current 324 CEEN&uail Lithium Iron for new
generation CEENBOTSs. These batteries are less toxtie environment as they do not
contain the heavy metal Cadmium. We are proudiefritew “green technology”
refinement of CEENBOT battery use.

. The CEENBOT team has completed version one of ghigal programming interface
that allows students or educators to program thENEOT in a simple, intuitive, visual
development system. The first release of CEENBom@ander supports many
programming features of variables, looping, coodil execution, mathematical
functions and reusable modules. It also enablessado the various robotic sensors
and inputs such as proximity sensors, switchesyaradess remote controls, and
control of robot features such as motors, serv@$) display, LEDs, and sound.
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The graphical programming environment runs on baitrosoft Windows and Apple
OS X operating systems. An experimental versio@ BENBoT Commander produces
XML code for use with our next generation ARM-baseidrocontroller robots. Future
development of the graphical programming environmath add features to improve
classroom setup, add more complex programming dépes) have improved error
handling, and allow more flexible installation apts.

We offer partially completed kits or fully assemibi®@bots to educators to meet their
curriculum needs. We produce and publish on-liree@mt documentation for robot
assembly and use. We offer programming tools admientation, and robot design
white papers on-line. Our fundamental desire im#éike the CEENBOT as flexible,
engaging, useful, and efficient for educators assjtde, in support of an overall goal of
enhancing student STEM education.

We are developing a number of accessories to the GEENBOT. We have written a
proof of concept menu system that stores severaWare files on the CEENBoT, and
allows selection of a desired firmware file frorfist. The production release of this
software will enable students to change the CEENBaSeconds, from a remote
control device, to a graphing calculator robottcoa robot running their own program.
In addition, this menu system will allow transfémew firmware versions into storage
using an inexpensive USB to serial interface calelducing the cost of programming a
CEENBOT by 50%.

Several add-on sensors are in development to extbenitexibility of the CEENBOT.
For example, we have prototyped an ultrasonic neotlusense objects at distances up
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to 20 feet, a color sensor module to follow linad & determine color of marks under
the robot, and a GPS module to receive satelligitipa information.

10.Based on what we have learned with the CEENBoTtrabd feedback from users, we

are developing a new educational platform called\@3niversal Standard

Architecture). The concept of USA is to provideuanber of small, interchangeable

processor boards contalnlng one of several difterenufacturers’ microprocessors, a
standard socket that holds
the processor board, and a
series of expansion boards
for prototyping, input and
output, and display. The
boards mount onto an
extruded aluminum plate
for rigidity and stability,
and the aluminum plate
becomes the base for an
electronics workstation, a
robot, or whatever else the
student or user might
imagine. Initial prototypes
of the new USA system
are being tested now, and
the first versions will be
used and refined in college level electronic engiimg classes beginning spring 2012,
with later use in the K12 environment after refirggm
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Graphical and Other Programming Interface Results b Date:

The need for enhanced programming capabilitiessefisas a Graphical Programming
Interface (GPI) capabilities for the CEENBoOT wasritfied by the various cohorts of SPIRIT
teachers attending the many professional developmarkshops. These programming
enhancements were considered to be particularpflielith middle school student use, as well
as the overall K16 utility across student levalg¢ork started on the enhanced programming
capabilities of the CEENBOT in the last two yeansd will continue in the 2012 SPIRIT efforts.
As of 2011, a GPI has been developed and testet aruav in a refinement mode. Itis
currently compatible with both Windows and Mac cangps. It permits the programming of
the CEENBOT in starting from “drag and drop” alomgh C, Java and Assembly. It also helps
to facilitate the addition of new sensors and ottedware modules. The GPI is unique in that
it will simultaneously connect the various sensatd modules to the base platform while also
allowing for multiple programming languages to lsed that are appropriate to the level and
language of interest of the schools. The CEENBoW nontains relatively sophisticated
programming capabilities, as discussed later mghction in various subsections.

As of December of 2011, the CEENBoT programmingettgyment efforts essentially
address the goal of providing a seamless, userdiyanterface for programming the
CEENBOT robotics platform. The GPI project hadireal several key milestones, including
the design and prototype of an in-house GPI so&wapplication called “The CEENBoT
Commander”. The CEENBoT Commander is the tool thatbe used by students to create
programs for the CEENBOT. It features a graphici@rface which students can use to create
flow-chart like programs that are capable of beiompiled and uploaded onto the CEENBOT.
Special care has been taken to emphasize intesfiag@icity and to ensure that students cannot
destroy their program accidently.

The CEENBoT Commander is a Java-based
Integrated Development Environment using a custechiz
and designed graphical programming language deséloj
by the technical team and some University of Netaas
Computer and Electronics Engineering studentdfdtoa
way to graphically and textually edit CEENBOT pragns
from a PC or Mac. The narrative that follows presd
additional details related to the CEENBoT Commander (:“)Nll‘lj‘N])El{
and other programming capabilities. The softwaas w
designed to interface with ARM7-type and ARM9-type
microcontrollers, the centerpiece of the CEENBoOT
hardware updates. The example graphic
provided is the CEENBoT Commander —— -
Splash Screen. =

The CEENBoT Commander
Integrated Development Environment
(IDE) allows users to drag and drop
programming elements for creating
stimulus-based robot program logic flow
using intuitive block elements.

In order to provide a bridge
between the CEENBoT Commander’s

CEENBOT
<
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simple graphical block programming and the morendrC-language programming, an option
also exists to view textually, the behind-the- ssen_w
C-code generated by the graphical program. Tt -
feature adds rich educational value to the platfor
in that while it allows inexperienced programmer
to quickly create programs for the CEENBOT witl
no prior programming experience, the C-code vit
then helps them to learn how the program would
be written in C as they progress in programming
knowledge and skills.

Thus as of December 2011, the computer
interface innovations developed for the CEENBoO
include the following: the Graphical Programmingehfiace (GPI), the Application
Programming Interface (API), and the TI GraphindcGlator Interface. They are summarized
in the chart below, and detailed descriptions effilogress on each in the grant now follow.

CEENBoOT™ Mobile Robotics Platform
Programming Options Description User Audience

A graphical drag and drop Integrated
Development Environment that allows
inexperienced programmers to link
CEENBoT™ Commander Graphical graphical programming elements
Programming Interface (GPI) together to control the CEENBoT™ K-12 (Elementary +)

An interface that allows commands on
the TI graphing calculators to be used
Tl Graphing Calculator Interface program the CEENBoT ™ K-12 (Middle School +)

An extensive suite of CEENBoT™
specific C-functions designed to simpli
CEENBoOT™ Application Programming interaction with the CEENBoOT™'s K-12 (Advanced) and
Interface (API) firmware and hardware University

The CEENBOT Application Programming Interface (API)

While the primary motivation for creating the CEENBAPI was to simplify the details
needed to program the CEENBOT, a secondary mativatas conceived in an attempt to serve
the need for compiling and uploading programs tiaak been created graphically by the
CEENBOT GPI. Thus the CEENBoT API originated asead for a killer application to be
created to program the CEENBOT platform with botiraphical language (GPI) and a
sequential language (C).

The CEENBOT API allows a user to write program€im a manner that simplifies
control of the CEENBOT platform. The CEENBoT ABlrns the primary core and
foundational component that also enables othewsodt technologies to write programs to the
CEENBOT, including, the GPI (The CEENBoT Commanden) the CEENBOT TI Interface.
This idea is conveyed in the Figure on the nexepag
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CEENBoT Programming Platforms

C-program
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The CEENBOT API is a static library that is usea¢amjunction with the C compiler (AVR-
GCC) that targets the CEENBo0T’s AVR microcontrobechitecture.lt is essentially a
collection of C functions pre-compiled into a siagtatic library file.

The CEENBOT API exposes a rich set of functions #ilaws users to control and
manipulate the CEENBoT™ in a simplified mannerwell-documented function calls. The
API functions allow various hardware resourceslaiée on the CEENBOT to be easily
manipulated. Some of these resources includehpmaps embedded on the microcontroller
unit itself, such as control of I2C (or TWI), SBI,UART. Or, the CEENBOT’s on-board
peripherals can be controlled, such as writindneographical LCD display, flashing LEDs, and
driving stepper motors.

Users can take advantage of the API library’s esitenset of functions (over 220) to
write embedded programs that control the CEENBdRaut the need for intimate knowledge
of the its electronics or firmware. This allowe tiser to focus on actions, while the API
handles the details.

A user’s program links with the API static libraamd uses the AVR-GCC compiler to
generate a HEX file that is uploaded (or flasheth) the CEENBOT's microcontroller’s
memory. This idea is illustrated in the next figwn the following page.
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CEENBOT-API Programming Paradigm

ceenbot_user_program.c

e ™

‘{!_Oid CBOT_main( void )
LCD_open();
LCD_clear();
LCD_printf( "Hello World!" ); A
- AVR Studio IDE
while( 1 );
4 _ a
} C-Compiler
* HEX file
\ / 1001010
1000111
0101110
0010100
CEENBoOT-API Library ( capi324v22l.a) \_ J
LCD functions
STEPPER functions
LED functions CEENBoT
UART functions (Platform 324 v2.21)

=

Presently, CEENBoOT programming in C is done usirggAVR Studio IDE (Integrated
Development Environment)which is made freely aldddy ATMEL. The functions in the
CEENBOT API library are grouped into functionallgtated units called modules. Each module
is in charge or acquiring the necessary resoustes(as memory, I/O port pins, and
peripherals) to achieve a task or control a pdergoeripheral device. The current functional
modules available through the CEENBoT API includese listed below, and more are being
developed:

ADC - Provides supporting functions for using timboard Analog to
Digital Converter (ADC) peripheral.

ISR — Provides supporting functions for declarimgeirupt service
routines (ISRs) which may also be used by other utesdor user
defined.

LED — Provides supporting functions for writing tbe on-board
LEDs.

LCD - Provides supporting functions for writing the on-board
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graphical LCD display.

PSXC — Provides supporting functions for commumigptvith a Sony
PlayStation2® (PS2) type controller using the oa+dd®S2 controller
connector.

SPI — Provides supporting functions for using tleeias peripheral
interface (SPI) on the microcontroller unit.

STEPPER - Provides supporting functions for cohigl the
CEENBOT’s stepper motors.

SWATCH - Provides supporting functions for using gtopwatch
module, which can be used to measure time in ohit®us/tick.

TINY — Provides supporting functions for periphsralnder direct
control of a secondary supporting microcontrollart,uwhich on the
CEENBOT is the ATtiny48. The TINY is used to aaguihe state of
on-board push-button switches, attached RC semud,acquire the
state of on-board Infrared sensors on the CEENBOT.

TMRSRVC - Provides supporting functions for milisaed accurate
timing services.

UART — Provides supporting functions for using tmeboard UARTS
in asynchronous mode.

USONIC - Provides supporting functions for using Bing
Ultrasonic sensor by Parallax, an optional periphesed on the
CEENBOT for Mobile Robotics courses.

The next figure on the following page illustratee modular breakdown of the
CEENBOT API and its subsystem modules. Note thateathis figure illustrates the modular
organization of the API, the entire API itself iscapsulated into a single static library file.

The advantage leveraged by the CEENBoT API caroheeyed by considering that the
STEPPER subsystem module alone encompasses cl@38@ddines of code. A considerable
amount of work would be required if the user iseptpd to do this work alone by writing
similar code 'bare-metal’ style to control the CEH®BNs motors. The CEENBoT API allows
users to program without having to directly manalj¢he intricate details of the CEENBOT’s
electronics.
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Top-Level Modules

Processors

Peripherals & Services

The functions of the CEENBoT API have been wellwuented to invite and entice
users who would engage in C programming to exgleeeCEENBOT. Available documentation
includes a “Getting Started” guide, along with arenm-depth 158 page “Programmer’s
Reference Manual” that contains descriptions o&eadlilable functions and code examples.
These resources allow ease of implementation icldssroom and immediate exploration. In
addition, the API serves as the foundation fordtieer CEENBOT programming technologies
including the CEENBoT Commander (GPI) and the TlcGlator Interface, which provide
additional means to entice K-12 users (as welhasuctors) into the world of STEM courses.

The CEENBOT Texas Instruments® (TI) Calculator Interface

A secondary software technology made possible yCIBEENBOT API is the CEENBOT
Tl Calculator Interface. The CEENBoT TI softwangerface consists of a thin software layer
that sits on top of the CEENBoT API. It allowsseuto connect a number of Texas
Instruments graphing calculators to the CEENBohuhie appropriate interfacing hardware.
The Tl interface allows users to write programglagir Tl calculators using TI-BASIC (an
interpreted programming language used in nearlyeadas Instruments calculator models) in
order to control the CEENBoT and have it performous tasks, just as they would if they
were writing programs with the CEENBoT API using @& programming language. The TI
interface provides, yet, another option that irsvié&ploration of the CEENBOT robotics
platform in an open-ended and intuitive mannettiierK-12 audience.
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Documentation for the Tl Calculator Interface isigable in the form of a User’'s Guide
and Command Reference manual. Graphing calcutabolels supported include the TI-82, TI-
83, TI-84, TI-85, TI-86, and TI-89. The TI calctda of choice plugs into the TI/CEENBoOT
Adapter Board via a Tl-communication Link Cablettbannects it to the CEENBOoT, as shown
in the Figure below.

Calculator
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The CEENBoT™ Commander Graphical Programming Interface (GPI)

As mentioned earlier, graphical programming langsaa@ye gaining more interest in a
variety of fields and industries, and particulanyK12 education. The SPIRIT teachers really
desired this capability for the middle school aighlschool classroom. Graphical
programming languages can lower the barriers fonydar those who are not familiar with
traditional text-based programming languages, si$c@, and allow them to develop programs
more quickly and with less training. The high-leglements in a graphical programming
language are especially useful for abstracting dimated data transformations. This abstraction
encourages the programmer to focus on developmenid application rather than getting mired
in, for instance, hardware-level communication éssu
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Thus, a graphical programming interface, or GRinsed like an ideal tool to get
primary- and secondary-school students interestedaith, science, technology and
engineering. In particular, the goal of the GPlaleped was to empower this targeted audience
with the ability to program a robot with no backgnal in either programming or robotics. It is a
tool designed by an educational institute for usether educational institutes. As mentioned at
the beginning of this section, the Graphical Prograng Interface (CEENBoT Commander) is
a GUI application program that runs on a PC or Mil@ich allows users to write programs for
the CEENBOT robotics platform using a graphicalliented, intuitive user interface as an
alternative to writing programs in the C programgiianguage. The GPI internally generates
code that is CEENBOT API compliant. This CEENBoPI@ode consists of a thin software
layer that sits on top of the CEENBoOT API.

The GPI efforts essentially began in the fall 002@&s an objective of both the SPIRIT
project and the 4-H GEAR-TECH-21 project for whttle CEENBoOT would serve as the
robotics platform for K-12 teachers, 4-H volunteensd students. The objective was to simply
create a simple graphical programming languagefatde for users with no programming
experience to write programs to control the CEENB&fTer several options, including
Arduino, were considered as platform for GPI depaient, Java was selected as the project
language with the intent that a single applicatouald run with minimal changes on both
Windows and Macintosh operating systems.

The user interface of the GPI is designed withinitent that the flow of the program can
be interpreted without much effort on the partheff tiser. In other words, the programs that can
be built with it should be self-documenting. Toale dragged and dropped from a list into a
work area and then configured using simple inputrods, as depicted in the Figure below.
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The following is an abbreviated list of the curtgratvailable programming tools and
their descriptions:

Tool Description
== Bumpleft Reads the state of the left infrared bump sengor in
a variable.
==p BumpRight Reads the state of the right infrared bump sensor
into a variable.
| Swikch Reads the state of a selected switch into a variabl
¢ Delay Pauses program execution for a select amount of
- time.
S50 Move Sets the desired distance and velocity for the left
o and right wheels, as well as the run mode (e.qg.
blocking vs. non-blocking)
o/ LEDs Sets the state of selected LEDs.
B pisplay Prints text or variables onto the onboard LCD.
A Eranch Allows decision-making based on some condition.
. Loap Allows repeating blocks of code either a fixed
' number of times, or based on a condition.
= Math Allows basic math functions to be performed on
variables.
£ Goto Causes the program flow to jump into another
loaded module, and then return after it has
completed execution.

For purposes of encapsulation and code-reuse, Ph@l®ws users to develop a series
of independent modules or sub-programs that canlibdoaded into the project. These
modules are stored on disk as XML, which is botman-readable and conducive to the nested
nature of program flow control methods. When it esrtime to build the project, each onscreen
tool or component is translated into C code bageuh uts current configuration, and then this
code is compiled as normal against the CEENBoOT IdPdry. The final result is a HEX file
that can be flashed onto the target platform usiegGPI itself or external software.
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An example program created using the GPI is shomigure 5. Program execution
begins at the Start tool and travels downward.
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In pseudocode, the program expresses the following:
} while( true ){
bool Ibump = leftiRSensorObstructed();
bool rbump = rightiRSensorObstructed();
if (rbump ){
if( lbump ){ setGreenLED(); setRedLED(); }
else {setGreenLED(); clearRedLED(); } }

else {
if( rboump ){ clearGreenLED(); setRedLED();}
else { clearGreenLED(); clearRedLED();
} }

Even more simply, if we consider Boolean variasmpLeft, BumpRight} as inputs
and variables {GreenlLed, RedLed} as outputs, tiogiam expresses the set of equations:

RedLed = BumpLeft
GreenLed = BumpRight
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As mentioned at the start of this section of thgorg it is also possible to preview the
automatically generated C code inside the GPls Wais mainly included as a debug
mechanism for developers, but may later be expaoded as a way to simultaneously
introduce users to traditional text-based languagesh as C. The C code for the previous
example is shown in the next Figure. This is prst example of how GPI developers need to
continue to work closely with students and educatorget a clear idea of how they hope to use
the software in school curricula. Looking forwangiany other exciting tools and features are
being planned. One which will probably come uphie hear future is scheduling and the
capability for multi-threaded programs, somethingttshould be neatly facilitated by the
existing chainlike form of user programs.

File Edit Project Wiew Help

rToals < :
S 5| main |

[2]

Oukput S¥global declarations here
Belay || int samplevar = 0;

|| int lbuamp = 0;
Hove int rhump = 0;

LEEs

E JAfunction prototypes hers

Disnlaw

woild CBOT mwain [ woid ) |
GPI_MODULES gpi mods;
¢PI CLEAR MODS STRUCT| gpi wods );

gpi wods.GPI_led = TRUE;
gpi mods.GPI led = TRUE;
gpi wods.GPI_step = TRUE; =
Nothing Selected SR apeat fgpd modaids
while | TRUE | {
lbump = &PI get IR} & Ox0Z;
rhump = GPI_get IR[} & 0Ox01;
if | rhuwp =07 {
if | lbwnp =03 {
GPI led[sPI LED OFF, DxFF);
GPI led(sPI _LED ON, Ox60);

Tool View || Description [<] [ [»]

[¢]

Field Tests of Programming Capabilities and FuturePlans for Programming

The beta versions of the CEENBoT API, GPI and Tlit@ator Interface were all
deployed into the hands of college and K-12 teaahdrstudent users in the fall and early
spring semesters of 2010-2011 for feedback purpoBlesy were received with very positive
results. At the University level, the CEENBOT ARas used as a foundational element for lab
programming exercises in a new 4 credit hour MoRibdotics course created and taught by
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Alisa N. Gilmore in the fall of 2010. The coursaswcomprised of 13 senior and 2 junior
students and focused on the implementation ofikeaahd behavioral-based robotics using the
CEENBOT platform. API functions were used as baoddelements that allowed students to
write embedded programs and integrate and contratiaty of sensors for Al mobile robotics
applications. The feedback from a detailed coatseey was very positive. Over 78% of the
students in the course agreed or strongly agrestdita APl was a means for learning concepts
on the syllabus, 71% felt it provided a source otimation or increased their interest level in
the class, and, for 71%, the API provided a sefhgemsonal engagement on the assignments.

The API was also introduced into the introductoBEDN 1030 course taught by Roger
Sash. In this course, all CEEN students build &8BoT and take it with them for
applications in follow-on courses. The CEENBoT ARposed these students to embedded
system concepts and basic C programming as stuitkethis class had never taken a
programming course, or were concurrently takingr thest programming course in Java. The
students were able to program the CEENBOT in séladvaxercises using CEENBoT API
functions with much ease, and were generally vecjted to be able to program their robot
which they constructed earlier in this course.

The CEENBoT GPI and Tl Programming Interface wése atroduced to the sustained
SPIRIT project K-12 teacher Saturday workshopsmiutine 2010 and 2011. The reception for
the user group of approximately 80 K-12 teachers exdremely enthusiastic, even when
testing early versions of the software with somgsypresent, for which they provided valuable
feedback. The teachers were presented with hamés@rcises and told the software wasn’t
perfect, but to comment on needed enhancements résult of the teachers’ overwhelmingly
positive response, both of these innovations waskided as competition categories for their
student teams in the 2nd Annual Nebraska Robotip® BEwvhich includes the CEENBoT
Showcase, in its third year sustained from the $PfRoject. The Showcase was held on
February 19, 2011, with K-12 student participanta humber of events that involved the
CEENBOT. Included for the first time this year vihe Autonomous Maze event in which
student teams could choose to use the API, GPI mtdrface to program their robots to
navigate tasks in a given course. The Autonomoasenwvas a success with Elementary,
Middle school and High school teams competing amdessfully completing the tasks, using
all three technologies (Elementary teams even ctwogee C-programming with the API).

To help build the utility of programming the CEENB#®or its K16 audience, the
programming innovations will continue to be aligned progressive sequence of CEENBoT
hardware developments and sensor/port capabiléresrefined in CEEN University courses
(API), K-12 outreach and field tests (API, GPI dfdnterface), and an upcoming roll-out of
the 4-H GEAR-TECH-21 project (GPI). The CEENBoTdaPI are also being tested at
collaborating ECE departments to help to furthéneeit, and to permit a strong “pathway tool”
for STEM education that crosses K16 barriers. Véeb@coming ever more confident that the
CEENBOT can be an open source robotics platformititized crosses traditional boundaries.

Programmable speaker

128 x 32 programmable
Graphical LCD display

¥ Programmable LEDs and
'eWé pushbutton switches

5servoports
B 1O Expandibility
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Manufacturing Plans and Marketing Results to Date:

As of December 2011, providing enough CEENBoTs@mgbing updates to meet
teacher demand continues to evolve to be a venyfisignt concern for the project, that
surfaced initially in the later two years of thesfiSPIRIT project. In various conversations
with administrators in the University of Nebraskatem,
it was identified that the production of robots kcbbe N
better supported by establishing a University obfdska CEE BP|T
start-up company to produce the educational robot
platform, and was named CEENBOT Inc., and has badorsed by the University of Nebraska.
The university startup company was established@92and is now undertaking a sole source
provider agreement with the University of Nebragkarovide educational robots to the
SPIRIT project at the University of Nebraska. Aduial personnel have been retained to
provide engineering technical support to meet axggproject orders and to streamline
procurement and manufacturing capability. A N&HRSPhase | grant (NSF #0945280) was
also awarded in November of 2009 that is assisZiIBENBOT INC. in these early formative
stages, and to help the company produce the étsifgobots. As Phase Il SBIR grant proposal
is being written and is expected to be submittathdwearly 2012.

Mr. Dennis Deyen is the Chief Technology OfficetGEENBOT Inc. Mr. Deyen has 23
years of expertise in the management of embeddstlipt design and switchgear design for the
transmission and distribution of power. He hasjoled consulting services for the
development and production of custom MRI antenna§&E magnetic resonance machines as
well as embedded RF solutions. He has a B.S.aotilnics Engineering Technology from the
University of Nebraska and has completed a 6-mbtghagement Training course with Best
Care EAP and the Small Business Entrepreneur Rrofycan the Kauffman Foundation. Mr.
Deyen provides management leadership in the afesmpliance engineering, reliability,
design for manufacturability, design for testapidind ISO9001 procedures development,
providing cost-effective solutions in lean manufauctg.

As of December 2011, significant school distrianded for the CEENBOT is already
being experienced by the SPIRIT project withinltheal Nebraska area, and we are gearing up
to be able to meet demand on a national scale hwbaks challenging but feasible.
Manufacturing efficiencies are i i
being explored to reduce the time CEENBE@:ST
to prepare both kits and 2 ~__Tne
assembled robots. CONstruction construction and User Guides | [
tutorials and other CONStruCtion  ruterisis ana reterence pocuments
support materials are being place The fallowing are consiruction tutorials for the 324 Board kit versian of the CEENBOT:
on the CEENBOT website, and  :temspecmimamene®s | | e ,
are available to anyone free of =~ - #semnsis ceio sum senco s 101,60 G
Charge W|Sh|ng to build the robot. mewiwing are rererence documents for the 324 Board versian of the ceensor:
Consultants are continuing to hel ;g s som s s savsaten e
to refine current practices and we
are undertaking improvements in
preparation for ramping up
production to meet the demand of various educatioaméversity and private constituencies. In
the interim period, retired faculty and staff asry used to assist in producing the initial parts
during the transformation to greater levels of endtion.

Robotics Solutions for Educators, Hobbyists and Researchers

Copyright ©2010 CEENBoT, INC - Sitemap - About CEENBoT, INC - Privacy Policy
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As of Fall of 2011, a company with additional oatl potential for outreach and
support of distribution of the CEENBOT, is HobbyTowWSA and we are continuing
discussions with this organization. They are alyessbisting our cost cutting efforts by finding
lower costs for various screws, bolts, nuts anémo#ttachment items. Given our experience
with middle school students and school districobirement to date, HobbyTown USA is also
interested in perhaps distributing the CEENBoTItrfdem to educators and other customers
across the nation. We continue to discuss fugtbssibilities and to consider the viability of
this potential partnership and other similar ones.

Current demand and market research, including ingdusview, education conferences,
in-depth interviews and trade references have atdicthat the CEENBoT market consists of
four segments: K12 schools, colleges and univessiafter-school programs (for-profit and
not-for-profit) and the private hobbyist industryhe potential educational market includes:

Elementary and middle schools

High schools

ECE (Electrical & Computer Engineering) colleges
Community colleges and trade schools
After-school clubs and summer camps

Hobbyists

oA ONE

Potential future educational distribution possilas beyond U.S. K16 institutions
include Department of Defense (DOD) schools (eleaargnmiddle and high schools), after-
school organizations (Girl Scouts, Boy Scouts,<3imk.), corporate-backed schools, robotic
competitions and corporate education. These vagougps particularly include organizations
interested in developing their youths’ STEM skalsd talents by offering hands-on, educational
robots for enhancing their students’ educationabdse Another distribution and outreach
possibility is ECE departments that wish to atteawd retain high school students interested in
engineering fields and careers, and we continexpand partnerships with ECE departments
across the country. Thus, the student profile beangeted for CEENBOT initially incorporates
grades 5-16 with a long-term goal of grades K-The SPIRIT project has also formed a
partnership with the 4-H Robotics and GIS/GPS RtqjdSF ITEST #0833403) in which the
robots eventually to be used in that project fé# distribution will be CEENBOTS.

To meet teacher educational robotics needs, sp&ficational market responses with
benchmarking will be further developed. Middle sachdigh school and community college
success will be determined by engagement in intedr&TEM learning as evidenced by pilot
testing and field-testing at all levels. Evidentéh@ university level will include student
interest in engineering disciplines and as meaguncreases in student retention and numbers
of graduates. After-school program success wikxamined with student enrollment numbers,
student interest perceptions and ongoing partigpan further programs. Finally, hobbyists
that might work with a young person at home willilirviewed, targeting a platform that is
customizable, competition-quality, and fun for binlg in that setting. Success in both after-
school and home settings will also be examineddugtlyfocus groups and the numbers of kits
distributed, while targeting better youth STEM es@eces in these settings. As of December
2011, estimations of the long-term distributiortted CEENBOT include the following.



Page 44

Estimated Educational Market Size and YearlyCEENBOT Sales Potential (as of December 2011)

Educational Market Estimated Market Size Yearly Unit Sales Potential
U.S. Middle Schoo 27,000 Schools 5 per School
U.S. High Schools 30,000 Schools 5 per School
U.S. Electronics and Computer 500 Colleges 100 ECE studentslieGe
Engineering Colleges
U.S. Community Collegés 1,065 Colleges 30 Tech students / School
After-school Programs 5,000 Programs 5 per Program
Hobbyist Market 25,700 Hobbyists 25,700 Hobbyists
Total Market Potential 417,650 Units

bublicschoolreview.contnces.ed.gov/programs/coe/2008/analysis/sa04.asp
3bisworld.com/industry/retail.aspx?indid=1080&chid=

Estimated CEENBoT market penetration within 5 Years of Full Production in 2013

Anticipated

Educational Market Penetration Percentage

Yearly Sales

U.S. Middle Schools 1% 1,300 Units
U.S. High Schools 0.5% 700 Units
U.S. Electronics and Computer Engineering Colleges 1% 700 Units
U.S. Community Colleges / Trade Schools 0.3% 10its
After-school Programs 1.6% 400 Units
Hobbyist Market 2% 400 Units

Est. Market Potential 0.9% Composite 3,600 Units

Est. Annual Sales @ $200/Unit (3,600 total)
+ $50/module (9,300 total) $1.185,000

Some significant barriers to educational markea@&sgpon of course exist, and we are
considering these barriers. These barriers incloni@imal awareness of the CEENBOT; strong
competition (sales channels, existing orders,esgratrelationships, established distribution
chains, use through sponsored competitions); larstehool budgets with small allowances for
new products; and, complicated sales processemagdales cycles.

In addition to the CEENBOT, the SPIRIT project’$oefs at market research has
indicated that there are currently five other mammmon educational robotic platforms which
are already available and which are currently atée for comparison purposes: TekBot, VEX,
Scribbler, LEGO and Boe-Bot. Three of these plat®are suitable for a younger middle
school audience, but do not provide a high levgdroramming capability (VEX, LEGO and
Scribbler). These platforms instead provide a Vienjted icon driven programming
environment. They also do not provide electrondiesign experiences or software design
within the educational setting of typical schooVieonments. The TekBot and Boe-Bot
provide some programming capabilities in termsetdvant hardware and software experiences.
However, the Boe-Bot comes already preassemblednre form with no soldering or
electronics work. The TekBot comes closest toaGRENBOT in its capabilities of C
programming, sensor additions, soldering and coostm, and platform modifications, but is
relatively fragile for middle school and high schetudents.
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Market Research Identified Key Competitors to theCEENBOT in Educational Robotics

Also, extending the TekBot platform beyond introug courses would be very
challenging to schools due to a small prototypireador electronics circuits, a less than precise
drive motor system, the lack of a quick connectdrgatsystem and in general, the somewhat
flimsy superstructure.

A poor superstructure (as found in our initial SHIRse) is particularly problematic for
educators, since robotics in elementary, middl®skand high school classrooms get bounced
around and roughly handled by students quite fretiyzie A comparison of these educational
robotic platforms with the CEENBOT is shown on tiext page in a comparison chart.
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Advantages of the SPIRIT CEENBoT Educational Robtics Platform as of December 2011

Feature CEENBOT | LEGO | TekBot Boe-Bot Scribbler VEX
Capacity for self-design . : . .
hardware modifications Very High None High Medium Low High
Can be used in ECE Yes
course seguences Yes No (limited) No No No
including upper division
Microprocessor Design Limited
and Programming? U No ves Yes (K-8 only) No
Graphical programming No No No
interface (multiple Yes (GUI Yes No (GUI only) | (GUI only)
languages)? only) y y
Capacity for additional
sensors (e.g., GPS, vide Yes No (Iir\r:ie'i:d) (Iin\:ﬁ:d) No (Iin\:ﬁ:d)
Wi-Fi)?

Parts from readily

available sources®.g., Yes No Yes Yes No Yes

RadioShack)

Low cost for basic unit? Yes No Yes Yes Yes Yes

(<$250) ($175) (<$120) | (<%$160)

Outdoor robustness? Yes No No No (”:\ﬁ: d) No

Soldering skills, circuit

design, and electronics Yes No Yes No No No

design?

Capacity for middle-higk Yes

school classrooms / clu Yes - Yes Yes No Yes
(limited)

| after school?

Maps to K-12 STEM No No

Disciplines with Yes (K-8 No No (K-8 only) No

cyberinfrastructure? only) y

Thus, our educational market research as of 204 Elmawn that for the successful
distribution of the CEENBOT to schools, we musiabée to satisfy five key attributes: 1) to
efficiently manufacture, market, and distribute ®E®ST robots, 2) to build and strengthen
relationships with strategic customers and educatipartners, 3) to cut costs and strengthen
financial positions, 4) to build and strengthertritisition channels with schools, and 5) to
improve and adapt the CEENBoT and the SPIRIT cyfr@structure to meet educator needs.

SPIRIT Lesson Results to Date:
The SPIRIT 2.0 effort has continued efforts wheagnted teachers develop lessons for
their classrooms. These developed lessons arduhber refined for possible use in the
curriculum.As of December 2011, a total of more than 260 fadlynpleted AEIOU Lessons,
representing all four STEM areas have been devd|aabted, and posted to the SPIRIT
website. Nearly 150 other lessons are in varitages of lesson development, editing, and
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refinement. The posted lessons are interdiscipliaad involve interrelated STEM concepts,
as consistent with educational robotics. The lesaaters have diligently went through many
rough and previously drafted lesson ideas and féthedbest of the best”. Additional writing
efforts have also concentrated on the instructionaiponent (I) of the modular lessons to be
sure the concept instructional base has been wedlldped. Along side of the full curriculum
lessons, 20 games to explore CEENBoOT movementsdiagdeen created, edited and posted.
The percent of the 260 lessons currently availabteachers piloting or field-testing the lessons
include: Science — 43.7%, Technology — 12.4%, BEawyimg — 9.2%, and Mathematics —
34.6%. The writing of mathematics lessons has Ipaeticularly emphasized, with a special
focus on introductory algebra. All lessons carviegved under their primary STEM headings
at the SPIRIT lesson website of:

http://www.ceen.unomaha.edu/TekBots/SPIRIT2/

This website
also includes a variety
of password protected
draft lessons, in
various stages of
development, under
the Science,
Technology,
Engineering, and
Mathematics, as well
as construction tutorial
links, classroom
resources, student
assessments,
videoclips and pictures, project reports, pres@riat project articles, robot cartoons, and
important links. These sections of the websité alilbe further populated as the SPIRIT
curriculum continues to grow and evolve.

Cyberinfrastructure Results to Date

The SPIRIT lesson delivery system continues tdvevim ways that support the teacher
lesson development and usage. To date, the cylssinfcture includes a working database
structure, lesson query methods, and lesson uplgaudtid tagging tools. The increased number
of lessons and lesson tags has motivated a fewneatents to the user interface as well as
ways to clear all tag selections, search all tagd,view search results by pages. The
cyberinfrastructure prototype is now able to hartdteisands of lessons with tag counts that are
typically two orders of magnitude higher in wayatthre efficient and intuitive, making for a
more effective educator experience in locating $PIBssons.
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As described previously, SPIRIT instructional comgats are divided into five

categories: Asking, Exploring
Instructing, Organizing, and
Understanding (AEIOU).
Component categories are
stored individually as files
and are accessed through a
system of hierarchical
tagging. An online database
stores category and tagging
information that is displayed
under the "Select” tab. The
teacher first opens a tag
category under the "Select"
tab such as Robot Capability,

Select
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1 ta 7 of 7
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4 p. o
e
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Heacler
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) E]

L

Header

Grade Level, or Science,
Technology, Engineering, or
Mathematics (STEM)
Concepts or Standards, and makes selections withitag categories. The teacher can then
view component information based upon the origntatiesson” or based upon the "AEIOU"
component type using the associated tabs.

Under the Lesson tab, folder icons are displage@#&ch originating lesson grouping.

The lesson folders can be opened to show the lessoponents and resources. The large
center window displays the associated page wheandieclicks on a lesson component or
resource. The text area below the center paneagsphe standards-based tag information for
the component. The teacher user can then dragrapdlte displayed item from the center
window to the far right window to mix-and-matchdes components and resources, and thus
create a customized lesson grouping which canibgegras output in a Portable Document
Format (PDF) file by clicking the lesson group Pibén at the top of the far right pane.

Recent developments in the SPIRIT project haveiaiptemented more efficient
protocols for managing the expanding number ofdlessn the database. The database structure
and query commands have been
developed to optimize the time for
search and selection. The entry of
lessons permits that the AEIOU
components be split into separate
files and individually tagged which
can be very labor intensive. A
spreadsheet support tool was
developed where the lesson
information is entered, then
spreadsheet macro programs create the file matiguiand renaming commands. The
spreadsheet tool also provides for the entry ofriBgmation and creates the database
commands for lesson grouping and tagging. The dpheget tool has been an efficient way to
prototype the process of lesson entry into theesdie system and database.
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A navigation bar was also created under the

"Select" tab to help teachers locate and choosagriie Select O ki AEOL
increased number of tag categories and tags. Tesache | WA [] M p
open or close all tag categories, clear all selastand % Robat Ca B-5: Middle =]
can do contextual searching for lesson tags. Agadian . Grade Le Astronomical Measul

bar was also added to the "Lesson" and "AEIOU" tabs
which displays the lessons in pages showing tisedind
last lesson number on the page and the total nuaiber
lessons based on the chosen tag selection.

The SPIRIT cyberinfrastructure prototype thus [] 9-12: Secondary (43)
provides a means for the educator to locate lesson
components and resources using transparent fitamal intuitive interactions. As the number
of lessons has increased, the user interface leaseb@ended in ways that maintain a simple
user interaction model. The database structurejaady commands were also redesigned to
quickly return results.

(] o-2Ppri Flane Mirrors

[] 3-5El Concave Mirrors
6-8: Mic Computer Programmi |

The SPIRIT cyberinfrastructure prototype can beveig at: http://spirit.unomaha.edu

The educators that have started using the cybasiniércture -
prototype have made some initial comments on datafemedback
forms and in person, indicating a need for a tatan basic usage
and operation. In response, a help button wasaalded that links
to an animated demonstration of how to search &wl kesson
components and build custom lessons. The SPIRJjEgqris continuing to routinely get
feedback from users to refine the cyberinfrastmectperations.

Extensions to the cyberinfrastructure databaseytaiidressed include grouping lessons
by word frequency analysis, usage statistics, @ed evaluation. All extensions could be used
in developing alternative lesson search methodscthad use software suggestions to teachers
rather than topic selection. Word frequency analysrolves pre-scanning the lessons and
recording in the database all words with a reldyil@wv frequency and which lessons contain
those words. The word list could be used as amaltiwe or extended set of tags for lesson
selection. Usage statistics could involve recordimgclicks and drags of how the
cyberinfrastructure is being used and which tagklessons are being selected and what
components are being included in custom lessores. [gsson evaluation could also collect user
ratings for each lesson component through an etralutorm. The usage statistics and educator
evaluations could be used to rank the lessonsdiguictional popularity which could be added
to the lesson search options so that the most aofadsons could be located for educator use
and less popular lessons could be reviewed, editquerhaps eventually removed. Our
cyberinfrastructure team is now considering thestergial enhancements.

A further area in development of the SPIRIT cybiastructure centers on the teacher
evaluation and implementation of lessons in thalade. While searching, reading, and
selecting lessons, a teacher will be able to posivaluation or comment on the entire lesson or
an individual lesson component. When a teacheraigesson in their classroom they can also
return to the cyberinfrastructure interface to @eomment on the lesson. The lesson author or
editor can review the ratings and comments and roaieges and updates to the lesson or the
database.

Haw 1o Vicw and Build Lessans
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When first viewing a
Iesson or Component’ only & Click here to rate or comment  Responses: 1 Current Rating: Yryr T T7IT
the top line of the rating
form is visible which shows ASKING Questions (Solutions, Solutions, Could it Be?)

the number of responses ar] Summary: _ _ _ _ _
. . . The concept of what is a solution and the concept of how many solutions are possible for a linear
the average rating in filled | system will be explored.
stars. Clicking on the
comment icon (plus sign) will then reveal the enform along with the lesson that allows the
teacher to rate the lesson.

The data collected on the form includes an oveasithg of the lesson, a comment about
the lesson, and the number of students that havieediavith the lesson by grade level. The
rating information is added to the overall avereageng and appropriate comments may be

added to the lesson display aftex

the lesson author or editor has | (TS ereerconment fepwer _Curentoing fefdr it
reviewed the comments. The Rating I_NH.:N-.- wenld you rats this Iessnn:"gh Tez:;l:lleng To:l‘l-!:nr::ra:reyoutaui:lst:ci‘:lessun?
numbers of students that NAVE | | reponding mews oo e o sent comms PR o
interacted with the lesson can e 0
also serve as additional lesson IO E
evaluation information. A omer [ ] o
"CAPTCHA” Word and an e- Sending Type the word shown below and enter your e-mail address, then click the Send button.
mail address must be entered t Yaur e-mail address will only used to determine uniqueness and for statistical analysis.
send the form. The M ‘ Word:

"CAPTCHA" word will help &l

secure the form from automate Send

attacks and the e-mail address
will help define the uniqueness ASKING Questions (Solutions, Solutions, Could it Be?)

of the respondent and give son| _

indication about the number of The conceptof what s  soluion and the concept of how many solutons are possible foralncar
respondents. o .

The cyberinfrastructure stores the form data inddwabase along with the other lesson
search criteria allowing the collected data tosasailesson display and selection. Database
search results can be modified based on the el@iuddta so that the most popular lessons are
displayed first, for example. Other types of lessaoggestions will include all lessons highly
rated by an individual respondent or other lessoiise same subject or content category used
by an individual teacher respondent. The apprapeamments that are included with the
lesson display will also support the refinement ather development of the lessons and
concepts in the classroom environment.

During Year 3 of the SPIRIT 2.0 efforts, the cybénastructure development focused on
the educator experience beyond lesson search arevaé Features that have been added or are
in the development stages include an enhancedviddp, enhanced lesson ratings and
comments, improved context tags, and more secardagin using Google, Facebook, Yahoo,
or OpenlID. The AEIOU lesson format has also beapted by the NSF ATE Project SHINE
Project (NSF# 0903157) who decided to also shagie lgssons through our SPIRIT database
system, creating the need to add category tagsilioat educators to search for lessons based
on a wider project context, that includes robotimechantronics, industrial robotics, and
energy-related tags. Project SHINE lessons prostahee nice extensions of robotics into the
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workplace that are seamlessly integrated with dhetics lessons from SPIRIT in the overall
SPIRIT database. Lesson ratings and comments ateegmto the SPIRIT database provides a
way for educators using the overall set of SPIRITd(SHINE) database of lessons to evaluate
and share their experiences with the lessons. Alsorporating a login method that uses
existing social network or cloud computing accowmts make using the lesson rating and
evaluation process easier for the educator.

As described earlier, the cyberinfrastructure lolata stores category and tagging
information that is displayed under the "Selech. fhe educator first opens a tag category
under the "Select" tab and makes selections, tlemswcomponent information by selecting the
"Lesson” or "AEIOU" tabs. Under the Lesson tabgdéslicons are displayed for each
originating lesson grouping. The lesson folderslmampened to show the lesson components
and resources. The large center window displayaskeciated page when the user clicks on a
lesson component or resource. The text area bélewdnter pane displays the standards-based
tag information for the component. The educatortban drag and drop the displayed item
from the center window to the far right window taxrand-match lesson components and
resources, and thus create a customized lessopiggowhich can be printed as output in a
Portable Document Format (PDF) file by clicking tesson group PDF icon at the top of the
far right pane.

As diverse robotics-related STEM lessons are atluléie cyberinfrastructure from
SPIRIT and other National Science Foundation ptsjé&uch as SHINE), new context tags will
allow educators to select educational robotics isterst lessons based on slightly wider topics
such as energy, and industry applications. Edusataregional workshops and industry
mentored workshops have developed lessons usinggl@U format that are typically framed
in a STEM context, and use the instructional congds (the | in AEIOU) developed for the
SPIRIT robotics lessons. Expanding the lesson gbdtemonstrates the flexibility of the lesson
database design and the AEIOU lesson format. Tihetics curriculum touch points contained
in the instructing components also serve as thentpoints for the STEM areas such as energy,
electronics, industrial robotics and mechatronicthe industry mentored lessons.

Using the SPIRIT cyberinfrastructure to selecstes is in essence, similar to an online
shopping experience as educators search for lessahiesson components. Educators have
become accustomed to ratings and comments besxghatt to products and content that they
view online. To enhance the social interaction il SPIRIT cyberinfrastructure, the rating
and comment form mentioned earlier follows thisd¢gpformat, as seen on commericial
websites.

The ratings and evaluation form includes optiansate the lesson component on a five
point scale with the results being displayed usiggfive stars in the heading line. Educators
can also respond with comments and post the nuaflsudents that have experienced the
lesson component. Other even simpler methods ioigrate being considered such as a "l Like
This" or "Thumbs Up" button where the educator wigukt click a button to indicate they
prefer this type of lesson. When preferences towessbns are collected over many different
educators, the better lessons emerge as the otfemaie selections.

The enhanced authentication method will allow tyleecinfrastructure to keep track of
the lessons that the educator has viewed, whiclohssthey prefer, and predict which lesson
they might prefer based on the preferences of sti&tucators will be able to return to lessons
they have viewed to rate and comment on the les3tmsauthentication component of the
cyberinfrastructure is still in the testing and elepment stages.
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To make the lesson evaluation experience simple@maore efficient for the educator,
different login methods have also been exploreduamttertaken. Many new technologies have
been developed in recent years that allow useastteenticate using their existing social
networking accounts rather than having to createramember yet another website account.
The authentication method being
tested this last year in SPIRIT useq Sign in to SPIRIT Lessons
the OpenlID standard that redirects
the educator to their selected Sign in using your account with

account provider.
n Facebook GOLJSiE

As mentioned, the SPIRIT
cyberinfrastructure prototype can

be viewed at: YaHOO! OpenlID

http://spirit.unomaha.edu

Cyberinfrastructure Mobile Computing Revisions
Further Cyberinfrastructure development work dyi2011 on the existing SPIRIT 2.0
cyberinfrastructure has evolved to focus more draaning existing features and content
updates than on expanding features. Moving thesfe@y from adding features is due in part
to changes in the user access platforms. With maméent being delivered to mobile, tablet,
and pad devices, the current
static layout and scripting st | tesson | Amou | (a1) (3 iy =

methods needed updating. TQ €« « « = « : & s
address these mobile e
computing issues, future Sl
cyberinfrastructure D) nerucsieg | : =
development will begin to e — ek e
explore new techniques that | * s —— _

. = Incredible Bread Chip Circut . .AY'___‘___ J' . ’9‘(_&;‘-‘“
provide support for all types e S
of devices, legacy and it 4
emerging, while also =) istnctog ‘

. Evaluation Questions

supporting the same ‘
interactive experience as the | . o
current lesson delivery P
System Seience Concepts: Electric Current

Updating and
expanding content within the
cyberinfrastructure has
involved editing and updating the science instarctomponents, adding standardized
assessments to the mathematics and science inmtraomponents, and adding additional
lessons for robotics and industry applications. 3¢ience instruction components were
reviewed by a master science teacher, more degldnations were provided, and pictures
and diagrams were attached. The updated instructioiponents were added to the lesson files
and included in the lesson database. In additionstiouctional component updates, publicly
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available standardized test questions from marfgreifiit national sources were reviewed and
guestions were selected that were specific to tad@matics and science instruction
components in the cyberinfrastructure. Sample staizked question files were prepared for
various instruction components and added to thebdae as attachments to the instructional
components. The standardized question attachmeniscuded in the lesson display anytime a
lesson with the associated instructional comporsesglected from the database. As is the case
each year, new lessons and instructional comporeTts added to the database in the contexts
of robotics and industry applications. The curdesson counts sorted by the selection tag
categories are shown at the end of this sectiomyMé&the lessons are tagged with multiple
categories so the category count subtotals willadot up to the lesson count total, except for
the Context tags of Energy, Industry, and Solarrelieat tagging has been disjoint.

Changes to the database structure and to the deetised to edit and track lessons have
attempted to improve the efficiency of lesson d&lywvand development. The lesson file names
in the file system structure were changed to mhkenames more standardized and readable.
This was done to so that static browse-able papasl be generated and delivered from the
database and so that files that are downloaded tlerdatabase have standardized names.
Some of the methods and functions that would beedké& deliver static pages from the
database were explored, but currently the delieéstatic pages from the database has not been
implemented.

One other area of Spirit lesson pipeline

File Edit “iew Insert Format Dats  Tools Help
development and . — . o
exploration S i R B SR Sz-MEvY
. Tx File Narne (Index #1o be added) Show all formulas
involved the A 8 ¢ o E Fodlk
traCking Of : | File Mame (Index #1to be added) | Lesson topic \ﬂim# leeactvg‘d WEE{itTfIVId Date sent f[:ra::st
lessons as they  [SEHCToT gmygenim el e Sen
are being written | = Lo e o oo
and edited. As the | Z |Shimneee, 718 st
teaCherS and Other 22 ::gd:it-g-ﬁ:(r:-ﬁ:j;rd_oh;mion doc i updated sﬁg f:::: .
writers create o e i
Iessons) the = MO34_SHINE_Measurement_in_Manuf. doc dimensional analysis BA5 Lynn ifnztth
edltlng team Of & MO85_SHINE Defining_the_curve.doc central tendency B/15 Lynn anzlt
maSter teaCherS ” MO86_SHINE Em-Brace_lt.doc pythagorean theorem B/19 Lynn anzl{_r
reviews the e ee— — i
IessonS, and the + =E Pipeline v  S-lnum | S-num  T-knum | T-num | E-bnum - E-num - Mbpom Menumo 4 B File Mame {Index #ta be
website and

database team post the lessons, this work hasoendtio be tracked in a shared spreadsheet
within Google Documents. This is a simple and dieggproach that has worked very well, but
recently Google Documents introduced scripting Witould be used to further automate lesson
document tracking. The lesson tracking spreadshagteviewed and improved, but scripting
seemed to make things more complicated than nesddte automation idea was not
developed further. The methods and ideas develapédexplored related to the static web
pages and the lesson tracking spreadsheet, altmmiglsed in the current version of the
cyberinfrastructure, will be applied in the nextsien designed to support mobile, tablet, and
pad devices, which is discussed next.
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One of the most SPIRIT Lessons
significant changes in electronif ; “ . *
content delivery over the last About Setect: Lessons Favorites

few years involves the
explosion of mobile, tablet, andl Tag Categories
pad devices. Even during just
the last couple years, the need| & Grade Level
to develop a mobile friendly
version of the
cyberinfrastructure has become
more apparent. The current
mobile platforms use different Industry (123)
development environments
which would seem to require
individual applications to
support each device. Another | & RobotCapability
approach however uses new
features currently implemented
in the new browsers found on | ¢ science Standards
current mobile and pad devices-
This approach uses the web browser to view webphgésire scripted to provide the look and
feel of a native application. With this approacle @cripted website can provide native
application type access to the current lesson dataliJsing this scripted website approach will
be the basis for further development of the cyliexstructure since it uses open source
standards, provides access for multiple devices yalh provide support for additional devices
that currently do not have access to the lessabdate. The original cyberinfrastructure is
located at spirit.unomaha.edu and the new mobilewe under development is located at
spirit.unomaha.edu/m.

& Context

Energy (17)

Robotics (123)

€» Science Concepts

SPIRIT 2.0 Cyberinfrastructure Lesson Tags

As of December 2011, lessons in the SPIRIT 2.@oglrastructure are tagged in the
database by the context, grade level, STEM stasdaral main STEM instructional
component. The context is the only tag group thauirently disjoint, so it is the only grouping
that will add up to the total number of lessonhétags where applied as needed to the
lessons. The lesson tags are listed below alorfgthét number of lessons that are associated
with that lesson tag.

SPIRIT 2.0

Cyberinfrastructure Lessons

All lessons 263
Context Lessons

Energy 17
Industry 123
Robotics 123




Grade Level Lessons

0-2: Primary 5
3-5: Elementary 39
6-8: Middle 167
9-12: Secondary 132
Science Standards Lessons

SA: Science as Inquiry 124
SB: Physical Science 101
SC: Life Science 16
SD: Earth and Space 16
SE: Science and Technology 89
SF: Science Perspectives 47
SG: Nature of Science 8
Science Instruction

Components Lessons

Acceleration

Astronomical Measurement

Cell Organelles

Circular Motion

Community Ecology

Density

Dimensional Analysis

Electric Current

Electrical Power Consumption

Elements

Energy and Energy Transfer

Force

Friction

Friction on an Incline

Heredity

Hooke's Law

Infrared

Living vs. Nonliving

Magnetism

Measurement

Mechanical Advantage

Microbes

Mixtures

Newton's 1st

Newton's 2nd

Newton's 3rd

Ohm's Law

Osmosis and Tonicity

Photovoltaic Cells

RPFRPIOINIWININIWIRLIOWIFLINIFPFIPIPINIFPIOIRPIPIWININDINIFLININ(PF

Physical and Chemical
Properties

=
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Plane Mirrors

Planetary Motion

Plate Tectonics

Population Ecology

Power

Power Grid

Radioactive Decay

Solar Collector Basics

Solar Home Design

Solar System

Solubility

Terrestrial Seasons

Thermodynamics

Titration

Torque

Viscosity

Voltage

Waves

Work

RiRrRRIRPRIRRININRINRP[R|P[(R|DP W

Technology Standards

Lessons

TA: Creativity, Innovation

125

TB: Collaboration

82

TC: Information Fluency

94

TD: Critical Thinking

105

TE: Digital Citizenship

16

TF: Technology Operations

59

Technology Instruction
Components

Lessons

Communications

Computer Programming

Creativity

Critical Thinking

LR e 6]

Data Analysis

10

Economics

[

Information Literacy

I

Leadership

=

Positional Number Systems

=

Problem Solving

12

Scientific Inquiry

Team Building

Technical Writing

- |©

Engineering Standards

Lessons

EA: Design

72

EB: Connections

122

EC: Nature of Engineering

26

ED: Communication

64

Page 56



EE: Society

24

Engineering Instruction
Components

Lessons

Applied Physics

=

Engineering Design

[E=Y
o

Error Analysis

Intellectual Property

Invention vs Innovation

Laser Engraving

Scale Drawings

Shop Safety

Simple Machines

Technological Systems

Welding

RiRRRr|w(k Wk~

Mathematics Standards

Lessons

MA: Numbers, Operations

83

MB: Functions, Algebra

65

MC: Geometry, Spatial Sense

72

MD: Measurement

128

ME: Data, Statistics, Probability

110

Mathematics Instruction
Components

Lessons

Area of Polygons

Best-Fit Curves

Cartography

Central Tendency

Circles

Compound Inequalities

Derivative

Direct Variation

Displays of Data

AR |IPIO|MO(W(N|O

Distance = Rate * Time

=
o

Distance Optimization

=

Exponential Functions

[

First Fundamental Theorem of
Calculus

Functions

Geometry Vocabulary

Inverse Variation

Linear Functions

Linear Systems

Negative Exponents

Perimeter

Probability

Proportions

Pythagorean Theorem

Wk RRR[R|W[NRP N [R




Quadratic Functions

Ratios and Proportions

Real Numbers

Rectangular Coordinates

Related Rates

Riemann Sum

Scientific Notation

Signed Numbers

Slope

Surface Area and Volume

Trig Functions

Two Step Equations

RPINNWW[FR PPN W|O|-

Page 58




Page 59

Construction Tutorial Development Results:

As of December of 2011, there continues to be Baamt and consistent progress on
robot construction tutorials throughout the SPIRI®ject to support the use of the CEENBOT
in the classroom. These tutorials continue togmated frequently, and are found on the
general website by clicking on the prominent CEENBatorial banner
(http://www.ceen.unomaha.edu/TekBots/SPIRIT2/Tatsf) where materials are accessible.

ES' Lofest CEENBoT Tulcricls 'ZZ

Latest construction tutoniats for the CEENEST.

The construction tutorials are divided into moduesesponding to the different circuit
boards in the robot and the assembly of all thegzento the CEENBoOT. Each module takes
about one to four hours to complete depending erexperience of the student.

The instructions have evolved from a narrative dpgon of how to assemble the parts
to an interactive Flash presentation where eaghistéescribed on an individual slide.
Narrative is kept to a minimum and embedded vidgs @and clickable assistance is provided.
Parts for each board are identified separatelye firbt step of each module is to place the parts
onto a “parts map.” This helps ensure that the aorapts are placed correctly.

The interactive instructions guide the educatastadent through the placement of each
component. The steps are listed in a table ofethside of the screen. This ensures that none
of the steps are omitted and that the correct sexgus used. The main part of the instruction
shows the part as it is seen on the parts mapanstiort description of what needs to be done.
Many of the steps include a link to a video-clighdp with specific constructions.

CEENBoT ™

Tutorial: 324 Circuit Board (324 board only)

Navigation

il. Populated (bottom)

iil. Preloaded parts

iv. ™ Read before constructing
1. SPST Switches S$1, 83, 54, 85
2. Red LED D2

3. Green LEDs D3, DS

4, 3-pin male header

5. 3-pin male headers (5)

6. Male latched connectors (4)
7. 20-pin male connector

8. Speaker

9. DBS male connectar

10, DBY female connectors (2)

11. Final Check

rev: 2010.03.30
Copyright ® 2010 University of Nebraska Board of Regents
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If the student or educator is unsure of where tmaponent is located, he or she can
click the“Where am | located’link button to see a magnified photo of the lomatof the
component on the board. The step-by-step instmgt@ve resulted in significant
improvements in the CEENBOT assembly process. Megheducator time is needed to
explain how to perform the construction processtaedndividual steps have eliminated
most of the problems of placing components in theng location.

Navigation Interface Circuit Board {v. 2009-03-10)

Step 10 The first item to be soldered is the diode D1. Align the black stripe on the diode with the
white stripe on the circuit board

| B Viewthe Diode video |

i

| Sl . IO Or lentatio
: : <

i Match diode stripe with 6009
: stripe on board : o mu
e — H A 3 Bump Hot

1
14. Connectors 50, 51, P1, PG TeaEEEEEEEEEEEEEEIEEIEERSEEEEEEE

!lzs En

15, Capasitor C2

16,91, | @ Where amhocated? |

Graduate Course Results to Date:

As mentioned, to help with teacher training, théR3P project is also striving to
develop graduate courses and graduate course mddukeducational robotics, where
teachers will eventually be able to enroll online graduate credit nationwide. This initial
class effort focuses on the critical integratiaticalation, and differentiation aspects of
Science, Technology, Engineering, and Mathema8&&M). The purpose of this graduate
course strategy is to prepare graduate studemsdagporate the research and practices of
STEM education, especially within the context ofieational robotics, at the elementary,
middle and secondary levels. The dynamic natuedleéncements in the core areas of
STEM and educational robotics require that teacherable to share current developments
in a rapidly advancing technological environment ¢éhus, the course is striving to prepare
teachers of STEM coursework to meet the challengéseir educational profession in a
changing world. Four overarching course themesidel Understanding the importance of
STEM education, the use of robotics in the curdoul designing and implementing
immersive learning environments, and encouragimpsity and problem solving. The
prototype graduate class meets currently in a Oyfiashion including a traditional
classroom environment with a mix of online colladtaon and learning. Eventually, it will
be offered fully online to interested teachers atbthe country. The course has been
offered in smaller prototype formats to date (Ns8Blents) and received some encouraging
evaluations from the participating teachers. Usirtgpoint scale, ranging from a score of 1
(which represented strongly agree) to a score(ofiich represented strongly disagree) the
course participants responded that they were featisvith the amount | learned in the
course” (mean of 1.69); “this course was well oiged” (1.88), and that “this course
helped me to think in new ways” (1.31).
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In support of new graduate course efforts, thajiggtdias helped to establish the
Office of STEM Education in the College of Educatet UNO. This will allow online
courses in educational robotics and STEM to beicoad for far into the future. The
Office of STEM Education is already establishinggputation as a national leader in STEM
education. The office is focused on many aspdc8I&M education (with a focused
educational robotics effort in SPIRIT) includingpnoving teacher training, increasing the
number and diversity of STEM teachers, providingowative STEM curriculum, and
researching STEM education interventions. The teadership of the office includes five
UNO science, technology, and mathematics educatiofessors, a multi-cultural professor,
and two UNO educational technologists. There @ Bl professors from other colleges
who participate on a campus wide committee for STTEM work routinely with the Office
of STEM Education. The STEM Office faculty membkeyve won several awards in the
past few years, including named professorshipsAtheni Outstanding Teaching Award,
the UNO Research and Creative Activities Award,@ancellor's Medal, the NASA
Mission Home Award, and the UNO outstanding staghmber.

The UNO Office of STEM Education is committed tgpraving science, technology,
engineering, and mathematics education. The SPYRijEct is perfectly aligned with this
commitment. Itis a strong belief of the Officathhe two key elements for change should be
1) viewing these four areas of STEM as an instoneti opportunity, with teaching being done
in context and always taking advantage of the autenections of the STEM areas. Itis a
further belief that the common “silo” teaching ofFE8BVI concepts (where disciplines are not
connected in anyway), has not given students thessary experiences to see the value of
learning STEM concepts, as well as not giving thkeenneeded “habits of mind” related to
STEM literacy that our current and future societgds, and 2) all students should experience
relevant and vibrant STEM education. In the red¢ational Science Board report “Preparing
the Next Generation of STEM Innovators,” recommeiotie2 states a need to “to nurture
potential in all demographics of students.” We halserved that too often, the focus of STEM
education has often been on only the “top” studefitse SPIRIT project, with the ongoing
support of the Office of STEM Education, is comeutto helping innovations in STEM
Education serve all students, as represented hyyawerful context of educational robotics.

Teacher Training Results to Date:

In pursuit of its curriculum development effortdaas of December 2011, a total 305
teachers have now been trained in extended sumpor&skops, graduate courses and credit-
based independent study options. Many of theséza have also developed lessons and
curriculum materials for their own classroom, whiitame some of the raw material for
further SPIRIT lesson development and for relathecational materials that have been
indexed within the SPIRIT database and websiteh(agcan engineering notebook), after
significant refinement and editing by the SPIRI&rte

To date, a total of 54% of the trained teacherehmen female and 8% have been
minority teachers. The female participation hasnbencouraging, since the SPIRIT project
has been especially interested in getting thepatiion of women teachers. An extensive
teacher survey was given at the beginning of @iaitrg experiences (particularly summer
institutes) and then again at the end. The beginsumvey asked for basic biographical
information, professional qualifications, teachexperience, and professional development.
A series of questions also measured perceptions aboject-based learning (PBL) and
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science, technology, engineering and mathematitENS. Another set of questions was
designed to measure participants’ evolving expegsrand expectations with the SPIRIT
project. The ending survey repeated the PBL and\&djiestions and asked three specific
open-ended questions about the teachers’ expes@fitbe professional development
experience that they had just completed. Respdadbs open-ended questions were
reviewed and coded into categories. Reliabilityhef subscale for perceptions about PBL
was measured using ten items. Cronbach’s AlphtheoPBL scale was .75, which is a
moderate level of reliability. Reliability of theilsscale for perceptions about STEM was
measured using only 10 of the 13 items administeedhree items did not perform well and
were adversely affecting reliability of the scalising just the 10 acceptable items,
Cronbach’s Alpha was .75, which is an acceptablel lef reliability.

SPIRIT Summer Institutes have now been undertakartotal of five summers.
Three summers were related to the initial SPIRIEST Project that focused on teacher
professional development, and involved a totalbfehchers, and one summer replicating
the SPIRIT model with a small state funded grantpiving 22 teachers. Training in the first
three years (2006-2008) took place at the PetewxiKiastitute in Omaha, Nebraska and the
training was in 2009, and conducted at Central Camity College in Columbus, Nebraska.
The Columbus training was also trying to see ifttaeing could be replicated at a
community college, if given some relatively basadhfrom the SPIRIT education and
technical teams. This training effort was paidbgra small grant from the Nebraska
Department of Education (requiring no NSF fundirag)d closely followed the model
established with NSF funds, and was an attempbéting toward sustainability of the
summer training institutes. The fifth summer @irning this last summer (2010) involved 23
lead teachers from the Dream It Do It (DIDI) orgaation, representing 11 rural districts
from Nebraska. This training was split acrossdimamer and in Saturday sessions during
the regular year. Training during the summer df2®&as done with single day training
sessions in various locations, both on and ofttN& campus.

For the 97 teachers trained in the first three semsr(006-2008) the results of the
teacher survey were relatively encouraging fronr y@gear. The questions that evaluated
participants’ perceptions of PBL and STEM educatieked teachers to rate their
agreement to a variety of statements using a foiatfscale ranging from “strongly
disagree” to “strongly agree.” For analysis purgosad to reflect the ordinal level of data
within the assessment instrument, the scale pras@mtwvas transformed to a numeric scale
of 1 to 4. Dr. Mike Timms, the managing directbtlte NSF Center for the Assessment
and Evaluation of Student Learning (CAESL) suggesites modified analysis approach.
Stronger agreement (higher scores) on the scalleaiied that teachers had greater
familiarity with PBL and STEM, and that they valud®m as beneficial to their students.
There were distinct changes in how experiencedchtadelt on a number of aspects of the
content and teaching covered.

The following summarizes the perceptions of tlahers from the five years of
data that have been collected to date in the SPpRIjECt, three funded by the initial
ITEST project (2006-2008) in Omaha, Nebraska, aeddurth funded by the Nebraska
Department of Education (2009) at the communityega in Columbus, Nebraska, and the
fifth (2010) in various locations in Nebraska, asded by Dream It Do It. Data from the
summer of 2011 was only general feedback data meped effectiveness due to the short
duration of the teacher training activities. Lat@rkshops represent a replication process
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and a step toward sustainability of the teachamitrg, where the community colleges and
other organizations (such as Dream It Do It) mgpansor or undertake the educational
robotics teacher training with guidance from théRBP team. It was felt that community
colleges and other educational organizations wbald good source for host professional
development sites with the potential expansiondofcational robotics support across the
nation. We have been pleased about these collamgdforts to date.

The initial teacher training results from theffittsree Omaha workshops now
follow, which used a more focused design over @opesf 2 weeks. The first cohort of
teachers’ ratings on five of the seven factors Wexe components of the workshops
increased one category on the four-category sktangineering, electronics, and robotics,
teachers moved from expressing, on average, naierpe to feeling that they have a low
amount of experience as a result of the worksh@pgheir average ratings for computers
and project based learning, they moved up fromttomedium. In the 2nd cohort,
participating teachers’ perceptions of their exgrce also increased, but only on two
topics. The changes occurred in engineering anatics) two of the major themes of the
workshop. In the 3rd cohort, teachers’ perceptmiitheir experience changed the most,
which was likely attributable to the fact that thevas a greater proportion of beginning
teachers in the group (i.e., teachers with 2 yealsss experience), so their room for
growth was greater. In all cohorts, teachers’ getioas changed the most in the specific
topics that were a particular focus of the workstramings, which primarily included
engineering, electronics and robotics.

Changes in Teacher Perceptions from SPIRIT Training (Cohorts 1-3)
Cohort 1 Cohort 2 Cohort 3

General Before | After | Change | Before | After | Change Before | After Change
Experience in
Engineering 1 2 1 1 2 1 1 3 2
Electronics 1 2 1 2 2 0 1 3 2
Robotics 1 2 1 1 3 2 1 3 2
Programming 2 2 0 2 2 0 1 2 1
Computers 2 3 1 3 3 0 2 3 1
Cooperative 3 3 0 3 3 0 2 3 1
Learning
PBL 2 3 1 3 3 0 2 3 1

The teachers in the sustainability replicationneai at Central Community College
were also asked to rate their level of experienddeé seven topics that were covered in the
workshop training. In three of the seven cate@gpiiEngineering, Robotics and
Cooperative Learning) teachers’ most common rgtimgde) increased one category. These
results were similar to those observed in the sggear of the previous SPIRIT project, but
not as high as those seen in the first and thiedsye
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Changes in teacher perceptions (Replication Cohort)
General Experience in... Before After Change
Engineering 2 3 1
Electronics 2 2 0
Robotics 1 2 1
Programming 2 2 0
Computers 3 3 0
Cooperative Learning 3 4 1
PBL 2 2 0

In further analysis at the community college regtiign site, the mean scale score for
teachers on the PBL scale rose from 2.7 at theddtéine workshop to 3.1 at the end, which
was a statistically significant increase (p<.064,.23, df=17) although it was not a full
category increase. Similarly, the mean scale sooreachers on the STEM scale rose from
3.0 at the start of the workshop to 3.4 at the ardgch was also statistically significant
increase (p<.001, t=4.04, df=17), even though & algo not a full category increase.

Teacher training assessment that occurred forifthecbhort, the Dream It Do It
organization was undertaken with less extensivehrasurvey work than previous years,
due to a more flexible group setting, where teaxkeuld come and go at various training
sessions, and bring colleagues for various evenbsigh out the year. Surveys instead
focused on providing feedback from individual sessiand teacher requests for particular
information on various topics. Feedback surveygddor particular sessions, but surveys
were overall very positive, and typically betweeartl 5 on the Likert Scales, representing
between agree and strongly agree that the profedsievelopment sessions were beneficial
to teachers. In these sessions new capabilitidteedCEENBOT were also introduced to
teachers, including the Graphical Programming fater and the Graphing Calculator
Interface. Both these new innovations were pdeityiwell received by teachers with some
of the highest rankings of any training sessidrgtther teacher training feedback will be
more systematic, and more compatible with this filemible professional development
format provided in various sessions over the donatif a year, rather than in a single
summer. Teacher training undertaken in the Sun2@&t used single day feedback forms.
Likert scaled items again scored typically betwéend 5 for all items, representing
agreement and strong agreement by teachers ths¢ts@ons were effective.

In all of the teacher professional developmentitings, teachers made many
positive comments in open-ended survey questioastdibw they had been impressed by
and learned from the hands-on laboratory sessiotieiworkshop. More than a quarter of
the comments were about the building of the robots; 3
Participants in all years felt that the workshop in
general, as well as the session on developingriesso £

with planning instruction for their students. Tkears
also commented that they had gained a better
appreciation of engineering in general and the smur
and career opportunities that could be open to thei
students. Teachers also commented favorably abo
the diversity of experience of the workshop present
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and the enthusiasm that they brought to the tdpig facilitated. Also, they liked the
opportunity to work with other teachers and fedttthe sessions gave them “concrete
examples for applying in the classroom.”

In all cohorts, the comments about potential improents to the workshops
primarily related to spending more time on varitascs, in particular on the construction
of the robot and the associated electrical thendyedectronics. Approximately one-half of
improvement suggestions were about improving timtecd of sessions, the time devoted
to particular sessions, and the presentation gliyaleeachers found the content of the
workshop challenging both in learning about eleatte and engineering, and in
developing some of the skill subsets needed likdesimg.

Student Criterion Referenced Test (CRT) results:

As an initial preparation for more formal pilot afield-testing of the SPIRIT
activities, the project leadership worked closelghvthe Omaha Public Schools early in the
project to investigate possible patterns withingh&lent criterion-referenced test scores of
the students taught by the SPIRIT trained teacletstal of 29 groupings of these
mathematics and science test scores (represertih@38 students) have been examined
and have been compared with school and districges. Some groupings at the 7th and
8th grade levels represented multiple classededeher. Of the 29 groupings of students
examined, represented by their teacher's partioipat a SPIRIT workshop, a total of 21
groupings (72.4%) scored above their school averagehe related criterion referenced
tests in mathematics and science, and a total gf@3s (79.3%) scored above their
district averages. The limitations of using digtdeveloped criterion referenced test scores
were quickly apparent within this analysis, andgaiéicant limitation was identified, in
that these assessments might be taken, or evéemett various times in the school year.
Thus, although this very
limited evidence cannot
directly support any
possible cause and effed
conclusions, it was still
encouraging, since man
of these SPIRIT
groupings are taken
from some of the
traditionally poorest
performing schools in
the Omaha Public
School system. The
SPIRIT leadership team
selected teachers are
now engaging in more
carefully controlled pilot
tests and field tests
where more consistent assessments are used.
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SPIRIT Student Criterion-Referenced Test Score Comarisons (2008 and 2009 Scores)
Group, Grade, N = (CRT Number) CRT CRT SPIRIT | CRT SPIRIT
Total N = 1058 SPIRIT | School | above? | District | above?
Group 1: 5th, N=22  (Math) 89.4% 92.3% Below 88.9%| Above
Group 2: 5th, N=22  (Science) 90.7% 77.8% | Above | 75.3% | Above
Group 3: 5th, N=19 (Math) 94.7% 87.5% | Above | 81.1% | Above
Group 4: 5th, N=22  (Math) 90.9% 92.3% Below 81.2%| Above
Group 5:  5th, N=23  (Math) 100.0% | 85.9% | Above | 81.2% | Above
Group 6: 5th, N=8 (Math) 87.5% 86.1% | Above | 81.2% | Above
Group 7: 5th, N=19  (Science) 100.0% | 88.8% | Above | 88.9% | Above
Group 8: 5th, N=22  (Science) 100.0% | 96.9% | Above | 88.8% | Above
Group 9: 5th, N=23  (Science) 100.0% | 95.8% | Above | 88.9% | Above
Group 10: 5th, N=8 (Science) 87.5% 91.7% Below 88.9% Below
Group 11: 6th, N=14  (Math) 85.7% 78.0% | Above | 75.3% | Above
Group 12: 6th, N=16  (Math) 62.5% 78.0% Below 75.3% Below
Group 13: 6th, N=16  (Science) 87.5% 51.2% | Above | 75.3% | Above
Group 14: 6th, N=25 (Math) 88.0% 91.4% Below 73.5% | Above
Group 15: 6th, N=9 (Math) 66.7% 64.7% | Above | 73.5% Below
Group 16: 7th, N=74  (Science) 78.8% 68.6% | Above | 68.6% | Above
Group 17: 7th, N=95 (Math) 85.1% 83.9% | Above | 84.5% | Above
Group 18: 7th, N=26  (Math) 93.4% 83.9% | Above | 84.5% | Above
Group 19: 7th, N=100 (Science) 79.6% 76.9% | Above | 68.6% | Above
Group 20: 8th, N=76  (Math) 87.5% 86.1% | Above | 84.5% | Above
Group 21: 8th, N=46  (Math) 97.0% 86.1% | Above | 84.5% | Above
Group 22: 8th, N=79  (Math) 89.4% 86.1% | Above | 84.5% | Above
Group 23: 8th, N=28 (Math) 99.4% 86.1% | Above | 84.5% | Above
Group 24: 8th, N=14  (Math) 94.9% 86.1% | Above | 84.5% | Above
Group 25: 8th, N=13  (Math) 75.0% 83.9% Below 84.5% Below
Group 26: 8th, N=11  (Math) 57.7% 83.9% Below 84.5% Below
Group 27: 8th, N=19  (Science) 56.2% 68.6% Below 68.6% Below
Group 28: 8th, N=118 (Science) 78.8% 76.9% | Above | 68.6% | Above
Group 29: 8th, N=112 (Science) 77.8% 76.9% | Above | 68.6% | Above

Limitations of District Criterion Referenced Testsand Assessments Efforts:

In our initial investigations of student criterioeferenced test data, and in
curriculum-related pilot tests and field tests, lveee found that the use of existing criterion-
referenced test scores available from districtsabstantially limited in their ability to
measure student achievement within this projectfgext. From our data analysis, it is
apparent to us that district criterion-referenast score limitations include the following:

a) Limitations Related to CRT Teacher Administrati@ecause teachers can have

their students retake the CRTs as desired, thersignificant testing difference
in how teachers complete this retake process,larglthe scores don’'t compare
reliably across classes, even within a specifiosthbr district.

b) Limitations Related to District CRT Variation: Thebraska (and other state)

CRTs vary widely across districts, and thus, difficult to use these instruments
across districts for effective pilot testing aneldi-testing efforts that mix schools
or districts.



Page 67

c) Limitations Related to District CRT Timing: Therting of the CRTSs also vary
widely from teacher to teacher, and district tdrdis making the variable
timeline of a pre-test to post-test schedule aifsoggmt limitation.

Thus, for the further pilot and field-testing detevolving SPIRIT curriculum, we
have decided to use a different strategy for lopkihacademic performance that is more
reliable across districts and teachers. Convegiemsister project that we are closely
collaborating with, the 4-H Robotics and GIS/GPal&dJp Project (NSF #0833403) has
developed instruments that we help to refine, mskraodify (and have started to use in
limited ways already) that include a STEM contesstta STEM attitudes/interests test, & 21
century skills reflection, and a longitudinal ceaurk instrument. The content and attitude
tests have already been refined, and tieCantury Workplace and Longitudinal
Instruments are currently being refined. We are ®lsrking closely with the 4-H Robotics
Project in the sharing of data collection strategrd assessments, which essentially map
nicely to both projects, since some districts ategrating educational robotics both during
the school day (the focus of SPIRIT) and in aftdro®l programs and summer camps (the
focus of 4-H Robotics). This cooperation betweentauw NSF projects is permitting a much
better comparison across interventions and is mpaising for curriculum pilot and field-
testing. A more detailed description of the insteumts now follows:

1) STEM Concepts Test: This content focused umsént is a 37-item, paper-and-
pencil, multiple-choice assessment, covering aetyanf STEM topics including computer
programming, mathematics, geospatial concepts agithe@ering/robotics. The assessment
is based on a previous 24-item robotics assessmsniment that demonstrated a
Cronbach’s alpha reliability coefficient of 0.86gB&er & Ansorge, 2007). Two experts from
Carnegie Mellon University’s Robotics Academy awd £ngineers from the University of
Nebraska at Lincoln Department of Biological Sysseemgineering Department validated
the assessment instrument’s content. The overail§ach’s alpha reliability coefficient of
0.798 is currently reported for this instrumentevNversions of the test are also being
conceptualized and created.

2) Student Attitudes/Interests Test: This insteatnwvas modeled after the Motivated
Strategies for Learning Questionnaire (Pintricralet1991). The questionnaire focuses on
the following eight constructs: task values/attésidor science, mathematics, robotics and
GPS/GIS, problem solving/critical thinking, teamWaooperative learning/teamwork, self-
efficacy in robotics and self-efficacy in GPS/GIe task value for science includes
guestions like “It is important to me to learn htmconduct a scientific investigation.” The
mathematics task value construct includes queshkasit is important for me to learn how
to make accurate measurements to help solve maticain@oblems.” The robotics
construct asks questions like “It is importantrioe to learn about robotics.” The GPS/GIS
construct includes questions like “It is importémt me to learn about GPS.” In addition,
problem solving skills (i.e. “I try new methodsdolve a problem when one does not work”)
and teamwork constructs (i.e. “I like being paradeam that is trying to solve a problem”)
are also included. Finally the instrument examiseidi-efficacy in robotics and GPS/GIS
concepts. The overall Cronbach’s alpha reliabdifficient of 0.94 was reported as an
average for previous administrations of the pd#udinal instrument. The SPIRIT project
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will also soon be adding GPS activities, so thekbtmns make this new instrument
particularly relevant.

3) 2T Century Workplace Skills Reflection: This instremt, which is currently
undergoing further validation and refinement, ilgs 21 questions that ask students about
common workplace skills such as speaking, writarg] listening, within a STEM context.
The instrument is based on the Secretary’s Comamssn Achieving Necessary Skills
(SCANS) report. The Z1Century Workplace Skills Reflection instrument bagn
increasingly requested by educators involved imblo¢ SPIRIT and 4-H Robotics projects.

4) Longitudinal Instrument: This instrument haeb designed to ask students about
their interests in high school STEM coursework, amy they are interested in such
coursework, within a set of questions in each wtaeshort reflection sections. The
instrument has been designed so that it can alssdubto track students within a particular
school or district, to see if students take mor&MTcoursework, after experiencing a
course, club, or summer camp with educational iobot

5) Big Ideas Open Ended Questions Instruments ifistrument has been designed
to ask students about seven “Big Conceptual Iddes are targeted in the SPIRIT Project,
including: What is a robot?; What is a variablehadis the engineering design process?;
What is a computer program?; What is science?; \lghaathematics?; and How are robots
used in real life? These questions are then censestored between pretests and posttests
by a group of three or more teachers externaldakassroom setting.

In addition to the key instruments described abtwe short lesson feedback surveys
are also being used in the SPIRIT curriculum refiaet process, to receive formative
feedback from teachers and students who pilotqaati SPIRIT lessons and activities, and
then provide revision suggestions to potentiallpiave the lessons. These feedback forms
ask teachers and students how they liked the lessdrat they believe they learned in the
lessons, and how the lessons might be improved.

Finally, the State of Nebraska has also developezhéine career planning
assessment for middle school and high school stedleat will be used in selected pilot
testing and field-testing efforts for the evolviB&IRIT curriculum, as a way to eventually
include student career interest in later analyses.

Status of Initial Pilot Testing, Field Testing andTest Site Agreements:

In 2012, as our SPIRIT efforts are now moving imore extensive pilot testing of
lessons and field-testing of lesson sets (withotaricurriculum components) we plan to
steadily expand and refine the curriculum. We haiteted further work with area school
districts to assist in the pilot and field-testprgcess, as well as to provide control groups
of students (who will not be using educational totx) to permit comparisons. We are
also working toward larger field-testing effortsheve large groups of lessons would be
tested over a longer duration (such as a summsiosesr full semester) and involve larger
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numbers of sequenced lessons. These pilot temtithdgield-testing agreements have
evolved steadily, and include the following progres

1) We have continued our Institutional Review Boapgrovals from the University of
Nebraska Medical Center for permission to undertake testing and field-testing
with 12 different area school districts within thietropolitan Omaha Education
Consortium (MOEC). This includes an excellent dsity of students and
educational settings. The IRB approval numbef48-09 EX.

2) We have already successfully conducted smaltt shuvation pilot test sessions of
three-hour durations, with 141 students, at EdanatiService Unit #3, an
educational support facility serving the MOEC sdBodl'hese results have been
encouraging, particularly related to student STEMuales (described in next
section). We are continuing short duration piésting as we move toward longer
duration testing.

3) We have worked with Lewis and Clark Middle Sch@maha Public Schools) to
undertake a longitudinal SPIRIT robotics field teBort. We did some pilot
activities and field tests with students during @@hd 2011, and will undertake
further field testing in 2012. This has involvetDistudents to date in science and
technology innovation classes and will continuexpand. In 2012, they will
undertake a well-sequenced set of educational icsblessons that also includes the
building and testing of CEENBOT robots.

4) We are arranging another 2012 summer camp beloeat Daniel J. Gross High
School in Omaha. This SPIRIT educational robatesip will build upon the
successful 2010 and 2011 summer camp efforts,ravndvie both middle school
and high school students. Rigorous data colledatitiroe undertaken at the 2012
camp.

5) We have trained 12 STEM teachers at Lincoln heast High School, and an
outside funder contributed 70 CEENbOTSs to the sth@éée are now working with
the Lincoln Northeast faculty and administratorglan curriculum-based uses of
the CEENBOTSs and the integration of the SPIRIT icutum and lessons. This
high school is very engaged, and evolving to bexaellent partner in the SPIRIT
2.0 project.

6) We are organizing additional camps and intetieastof two to five days duration
each that will also undertake smaller field-te$tgazious sets of SPIRIT lessons,
and that will be held at several locations in Nekea The efforts build on the 2010
and 2011 efforts and 2012 efforts will field-testedt of sequenced lessons and
activities from the curriculum.

7) We are now working with 13 school districts e tDream It Do It organization of
Nebraska for field-testing efforts. Each of theskool districts, with both rural and
urban settings, have had several teachers tramind iSPIRIT Robotics
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curriculum, and received from 7 to 10 CEENBoTSs.e Bohools have agreed to try
out sets of lessons, and to also collect fielddest that includes student STEM
content knowledge and STEM interests. The SPIRItidation team is working
closely with these districts.

8) We are successfully arranging further controlugr sessions for this 2012. As a
reward for district participation in the contrologip process, we are also scheduling
a three-hour robotics event for students and teactesach school district control
group site, which would involve a set of robotigpleration stations that would be
staffed by our team members (SPIRIT educators agoheers). This event would
be conducted after the control group data is receiit a designated time period
before the participation session, the teachers the/avolved students take the
STEM content and STEM attitude instruments. Tlaelers then bring those
completed pretest instruments to the session,ak&danother set of tests before the
event begins, to capture control group compariaforiation.

In summary, we have already had initiated agre¢sneith the following
organizations to assist in pilot testing and fieddting. Some efforts were conducted in
2010 and 2011 and more refined pilot testing aeld fiesting will be undertake in 2012.
Other districts and organizations are now also@&sging an interest in contributing to this
process. The willingness for educational orgaropatto collaborate in the pilot testing
and field-testing process is in itself encouragamythis demonstrates the educational value
and reputation that they already see in the SP&fTiculum. A full list of the pilot
testing and field-testing partnerships are now joied.

a) The Metropolitan Omaha Education Consortium (11lipigzhool districts)

b) Daniel J. Gross High School (private school - Chtho

c) The Omaha Public Schools (large urban public scdistlict / high minority)

d) Lincoln Northeast High School (large urban highcsdh

e) Educational Service Unit #5 (representing 17 sma#l school districts)

f) The Papillion-LaVista Schools (moderate sized urthiatrict)

g) The Gretna Public Schools (moderate sized urbanat)s

h) The Westside Community Schools (moderate sizecdhudisdrict)

i) Lewis and Clark Middle School (urban middle schbligh minority)

j) Educational Service Unit #3 (representing 15 srmaltlerate sized urban
districts)

k) Dream It Do It (representing 13 rural districts)

Pilot Test Results to Date:

Pilot testing during SPIRIT project to date encosgaal two types of pilot testing
formats, which included a short-term interventiémaughly three hours in duration as
well as longer interventions that lasted for selveags over a period of time. The short-
term interventions undertook samples of up to tistemt lessons, while the longer pilot
test interventions undertook four or more well-sated lessons. Each intervention was
facilitated by a well-trained SPIRIT teacher.
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Short-Duration Pilot Test:

A total of 141 students participated in the shertt pilot testing process for
SPIRIT. These students were involved in threestesindividual SPIRIT lessons, lesson
components, or robotics related activities. Thsdas focused on: 1) algebraic slope,
using robots to move up ramps, 2) the chemistiyattieries, moving a robot that was
connected to different battery types, and 3) thesjgs of movement, by examining the
movement of different robots. This short intervemtactivity was also collaborated
closely with the Nebraska 4-H Robotics team whaigpated in some of the pilot
activities. That partner grant project will soantbansitioning to the CEENBOT robot as
their operational robotics platform.

The short-term intervention (pilot test) data wetsieved in a time series design
process that included a first set of pretests (gaigout a week before the pilot activities),
a second set of pretests (given right before tloe activities), and a final set of posttests
(given right after the pilot activities). The filactivities lasted about 3 hours with
students. The participating students were recrdfiesligh the Nebraska’s Educational
Service Units (ESU), a set of 19 state-funded etitutal support organizations. The
ESUs sent e-mails to schools and curriculum leaiddisee Omaha area inviting their
participation in the research. Schools were as@dgytto target a mix of student abilities,
interests, gender, and ethnicities to reflect thwel's general population of students.
They were asked to avoid having only interestekigin ability students participate. The
resulting group of 141 students was 74% male, 2086mnty, and had a mean age of
11.39 years.

The content learning instrument used in the péstihg process was from the 4-H
Robotics Project and was a 37-item, paper-and-penaltiple-choice assessment,
covering mathematics (including fractions and iIgtigeospatial concepts (coordinate
estimation based on location), engineering (suajeass and sensors), and computer
programming (such as looping and multi-tasking) oTexperts from Carnegie Mellon
University’s Robotics Academy and two engineersrifithe University of Nebraska at
Lincoln Biological Systems Engineering Departmeaud Ipreviously helped to validate the
assessment instrument’s content. The same insttumasnused as the pre- and post-test,
and a Cronbach’s alpha reliability coefficient 8 was reported for the administration of
the posttest.

The attitude instrument given to the participatsgdents, consisted of 33 Likert
scale items, and was also from the 4-H RoboticgPto It was modeled after the
Motivated Strategies for Learning Questionnaira@{th, Smith, Garcia, & McKeachie,
1991) and included two subsections focusing on waditbn and the use of learning
strategies. The overall Cronbach alpha reliabdityhis instrument computed earlier by
the 4-H Robotics team was .95, with individual scphas running from .64 to .88.

Pre-post learning results. Data was analyzed bysi¥en Nugent, of the
University of Nebraska Center for Research on GardYouth, Families, and Schools. A
dependent t-test showed that although there whghd micrease in content test scores
(Pre M = 16.57, post M = 16.81), the increase wassignificant (t (131) = .91, p = .36).
Thus, these results indicated that the short-teloh gesting intervention focusing on
relatively short duration lessons and lesson coraptsndid not significantly impact
learning on the content instrument.
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Pre-post attitudinal resultd'he attitudinal data sets from the short-term
intervention were also analyzed by Dr. Nugent. epehdent t-test comparing overall
attitude scores showed that there was a significanéase in attitudes for the youth
experiencing the short-term intervention (t (123.82, p <.0001, d =.62). The mean
attitude score increased from 4.09 (pre) to 4.24t)p To provide more insight into these
increases additional dependent t-tests were ruedodhn of the attitude scale scores. All of
the scales showed a significant increase. Thedemies non-intervention phase (acting as
a control group process) indicated no significacteases.

Although the short-term pilot test intervention haadimpact on student learning, we
really did not expect this result for such shontadion interventions, particularly since these
shorter interventions were mainly about curriculiamprovement, as well as building
student awareness and interest. It would appetttiee hours of robotics activities, no
matter how interesting, engaging, and well fad#ith will probably not provide enough
time to cover topics with sufficient depth and sture to promote student understanding as
identified on this instrument. Students are ofrseuntroduced to certain educational
robotics and STEM topics during these short duna¢ieents, as integrated into the
activities, but the time constraints would not seerallow for a full exploration of concepts
and processes necessary to promote learning.

While the short-term pilot testing intervention didt have a direct impact on
student learning as measured by the content assegsdtrdid impact student attitudes, as
measured by that assessment. Students’ attitadesds science, mathematics, and
technology all increased from pre to post, as aliheir self-efficacy with robotics. This
attitude improvement result is likely also duehe fact that the activities in the short-term
pilot testing interventions were specifically sééztand designed to be highly engaging and
motivating, with limited cognitive load. As prevwisly discussed, the short-term nature of
the pilot interventions also meant that the indisbactivities for this instructional setting
could not contain extensive mathematics and scibackground material and the needed
calculations to perform the tasks on this shodrvention timeline. Similarly, the short
duration activities could not illustrate the contplscientific inquiry or engineering design
processes, which may have led to a relatively digmdrcontent focus for these shorter pilot
tests. This emphasis on the affective, as oppmsedgnitive, domain appeared to
contribute to the more positive views of youthhie short-term pilot intervention.

Short-term robotics interventions will continuehtelp us to pilot test selected
elements of the SPIRIT curriculum, and also appeae a successful way to impacting
student STEM attitudes and getting students exaibedit robotics in general. The shorter
duration pilot tests also allow us to get direeidieack for lesson improvement, using short
feedback forms given to both the students and ediscan how the pilot activity went, and
how it could be improved. Two sample feedback fthat we currently use are included
in the report appendix.

Shorter duration pilot tests also help to providece reward strategy for the schools
and districts that are willing to act as contrauyp settings for us, since we can then offer
them a short duration robotics event in returnpitoting shorter duration lessons, that
would be provided after the control group dataollected. This later robotics event may
also perhaps serve a motivational role to encoubatfe youth and educators to seek out
additional opportunities to explore educationalatids in greater detail.
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Longer Duration Pilot Tests:

Three SPIRIT teachers were asked to undertake tahgation pilot tests with
selected lessons of the SPIRIT curriculum overllassemester. In this process, the teachers
selected eight or more lessons that would be nligsteal with their curriculum. Lessons
were piloted approximately every two weeks or sal aligned with the current content
responsibilities of the course. The pilot classese generally small, due to requests from
the participating school districts. Three teaclard three different classes were involved,
including a middle school mathematics class (N=a2jiddle school innovations science
class (N=18), and a high school special enginedapigs seminar (N=7). Lessons were all
carefully selected, sequenced and aligned witlttineculum. Control groups were very
difficult to establish in this field-testing efforiSince the same age student had participated
in the short duration pilot tests (N=141), and thp#ot tests had used a time series design
(pre-pre-post) with a no intervention phase, tteadvas used as a very limited comparison
group. The same content and attitude instrumeastsl¢scribed earlier) were also used in all
the groups being examined.

The middle school mathematics teacher selected kigbons that aligned generally
with topics in introductory algebra, and undert@otine to two hour educational robotics
lesson about every two weeks. The 12 participattodents took the content and attitude
instruments at the beginning and at the end ofé&meester. A total of seven males and five
females participated. Using a dependent t-teststhdents’ scores were examined for both
the content and attitude instruments. For theergrihstrument, a dependent t-test showed
that there was a slight but significant increasedntent test scores, and particularly
mathematics questions (Pre M=13.25, S=3.98; Postv9, S=3.02), which was
significant (t (11) = 2.83, p =.016). For thatatle assessment, another dependent t-test
was also used. The attitude scores also showeghificant increase (Pre M=127.5,

S=23.6; Post M=140.3, S=17.61), which was signifi¢a(10) = 3.23, p =.010).

The middle school innovations science teacher tlemght lessons that aligned
generally with topics in engineering and technolowention, and also piloted a one to two
hour educational robotics lesson about every twekae The 18 participating students took
the content and attitude instruments at the begghand at the end of the semester. A total
of ten males and eight females participated. Uaidgpendent t-test, the students’ scores
were examined for both the content and attitudeungents. For the content instrument, a
dependent t-test showed that there was only a sncaflase in content test scores (Pre
M=14.0, S=3.43; Post M=14.5, S=3.36), and was igpiifecant (t (17) = 0.67, p = .509).

For the attitude assessment, another dependesitw#s also used. The attitude scores also
showed only a small increase (Pre M=130.0, S=1308t M=132.1, S=9.96), and was again
not significant (t (16) = 0.73, p = .471).

The high school engineering seminar teacher selest lessons that aligned
generally with topics in engineering design, arsbadiloted a one to two hour educational
robotics lesson about every two weeks. The 7 @pdiing students also took the content
and attitude instruments at the beginning andeaetid of the semester. These students
were ninth graders and represented a total of senxaes participated in the all male
seminar class. Using a dependent t-test, the stsickores were examined for both the
content and attitude instruments. For the contettument, a dependent t-test also showed
that there was only a small increase in contentstewes (Pre M=18.8, S=3.23; Post
M=19.1, S=3.71), and was not significant (t (6).310 p = .766). For the attitude
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assessment, another dependent t-test was also Tbkedttitude scores also showed only a
small increase (Pre M=130.3, S=8.9; Post M=136-425), and was again, not significant
(t(6) =1.04, p =.338).

Some Pilot Test Interpretations and Strategy Modiifons for Field Tests:

In some ways, the longer duration pilot tests hamll@r results to the shorter
duration pilot testing effort, and illustrated thiais easier to increase student attitudes in this
context than it is to increase student content kedge. In fact, increasing student content
knowledge was found to be quite challenging in toistext, with only a small but
significant increase in the class of the middleostimathematics teacher, while the other
two longer pilot tests, and the short durationtpést group all experienced no significant
content increases, as measured by the contentHestever, attitude improvement was
somewhat more encouraging, with attitudes improwmipe shorter duration pilot tests
(N=141) as well as the middle school mathematiasher longer pilot test (N=12). The
attitude results also tended to be slightly imprbirethe other sections, but not to a level of
statistical significance.

One study limitation that became obvious in thegemduration pilot-testing process
was that the content testing process needed tetber laligned with the specific content
being taught. The SPIRIT team better planneditid-festing process for later 2010 and
2011 to help teachers focus on content, as welhdsrtook revisions to the content testing
instrumentation, to include more specialized goestifocused on particular coursework
threads, such as introductory algebra. In additioa teachers for later field-testing on
content were asked to carefully study the chosemncolum activities ahead of time, and to
see how these activities might directly emphadiegtargeted content. If desired, a SPIRIT
team member was available to discuss how on hoartecplar lesson might be used to
emphasize instructional content.

2010 Field Test Study of the SPIRIT Lessons in N&dsichool Robotics Camp

A set of more focused field tests of the CEENBofiatecs platform using lessons
and activities from the SPIRIT website were undetain 2010 and 2011. Each of these
carefully controlled tests was conducted at Gragh I3chool, 7700 S 43rd St, Bellevue,
Nebraska. The tests were conducted with full pgsian of the school, district, and parents.

The first set of field tests in 2010 consistedvad three day sessions, June 23, 24, 25,
2010 and July 14, 15, 16, 2010, starting at 9:00 &id lasting until Noon on each day. The
field test was facilitated by Mr. Steve Hamerskyonbaches science and computer
technology at Gross High School. The activitiesdusering the field test were selected to
test new features of the CEENBOT robotics platfeuoh as the data display as well as the
durability and usability of the platform.

The 2010 field test was organized as a robotiosser camp where the students paid
$40 to attend. Flyers were sent to area elemeatadymiddle schools both public and
private. The summer camp was intended to be axXpargeence with more hands-on activities
with the robots and less formal teaching. The sunoamp format showed a wide appeal in
that the first three day camp session filled anddudiitional three day camp session was
added. The additional session lead to some comfiaiout which session to attend as some
students had signed up for the second sessioattentded the first which created an
imbalance in the number of attendees in each fesdtd The first session had 22 participants
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and the second session had only 7 participantgeMere also 2 to 4 secondary school
students who helped facilitate the sessions. Toensary school students helped the
participants with robot operations and troublesimgpand helped setup the robot game
activities that would conclude each day.

The learning materials used in the field testvatads were selected from the cyber
infrastructure with topics chosen to provide exgtand engaging hands-on work with the
robot. An engineering notebook was also selectau the CEENBOT educational materials
which contained an introduction to the engineerintebook and blank graph paper pages for
drawing diagrams and recording data. Participamitdcuse the engineering notebook to
plan
strategies or
write
reflections on
activities.
CEENBoOTs - :- v :'
were used during the field test which allowed nststlents to work in groups of two. The
first session required two groups of three paréinig due to participants attending the wrong
session. During the second session participantsl @ach use their own CEENBOT.

The SPIRIT cyberinfrastructure contains
lessons in the AEIOU format that include
individual activities titled Asking, Exploring,
Instructing, Organizing, and Understanding. As
described earlier in the report, the lesson a@wit
start by asking questions (A) to create interedt a
excitement that is followed by an open-ended
exploration (E) of the concepts and skills related
the lesson topic. Once participants have had so
experiences with the content they are ready for
instruction (I) on the lesson topic. After
instruction, an indepth study and data collect®n
completed and organized (O), and then the lessg
is concluded with an activity that checks for
participant understanding (U). Since this field i@as part of a summer camp, the selected
activities generally included the asking and explpactivities, with some instructing and
organizing activities depending on the lesson.déone lessons, the organizing activity was
substituted for the exploring activity, and the tpigst on the last day of the camp was used
to test for understanding. The instructors ofshemer camp were pleased with the
flexibility of the SPIRIT lesson activities.

The 2010 field test activities on the first dagrtgd with the content pre test and
attitude surveys. Participants were introduced aoking in the laboratory area safely and
using the robots properly through an activity ahlldeet the Bot. Career opportunities in
the STEM areas were discussed during the Askintigmoas well as the basic operation of
the CEENBOT robotics platform. Participants expibtiee circuit board and remote controls
and practiced their robot driving skills. Compuypeogramming opportunities and details
were explored next in an activity called ReverseBlamp. The CEENBOT robotics
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platform can operate in a bump mode where theyawibid collisions using infrared
sensors. Participants explored how the robot woeadt to collisions when in the bump
mode and then they were to develop the bump moeledpscode algorithm. The first day
concluded with a game activity called the Bump Betby where participants operated
their robot in the bump mode and were required ¢oerthe robot from a starting point to a
finish bulls-eye by bumping off two cardboard baxelse participant placed the cardboard
boxes first before starting their robot that regdithe use of the bump algorithm to plan the
placement of the cardboard boxes.

The second day of the field test
focused on motion such as distance,
circumference, and speed, and electric
concepts such as current, energy and
battery capacity. The latest CEENBoT
robotics platform has a data display pan &
that shows numeric values such as
revolutions, speed, current, and energy.a
The first activity called Go the Distance |4
had participants explore distance,
circumference, and speed culminating i
a group graphing activity where the
robots are used to plot a distance verses
speed graph. The second activity used electricalitikits (Snap Kits) to explore electrical
current and voltage by building various circuitbeh the participants went back to the
robots in the third activity called Juice the Batlanvestigated the LCD data display of
electrical current and energy, and collected dafzdt an energy verses speed graph. The
second day concluded with a challenge called Sbistance Run Around in which
participants used their robot to knock down a ran@oray of blocks trying to minimize the
energy and revolutions.

The field test concluded on the third day witthaltenge to modify the robot to play
soccer. Participants were given some metal stoipiss, tape, and a file folder and were
asked to create an extension on the robot that@aith and pass a small soccer ball. After
the modifications were complete the participantapieted the post-test and surveys. Once
the tests and surveys were complete, the partitspaed the robots to play a match of two-
on-two soccer. The designs were quite diverse #edtive as students were able to utilize
the extra holes drilled into the CEENBOT chasskse Tobot modification activity served as
an illustration of many engineering concepts suctha engineering design process, problem
solving, communication, and applied science.

The field test was evaluated with pre and podstasd surveys consisting of three
tools: a knowledge test, an interest survey, anditadinal study survey (as detailed earlier).
The knowledge test covered many topics that arnedllp part of a robot workshop with a
longer time frame. The activities for this fieldtevere not necessarily selected to cover all
topics contained on the knowledge test. The surweye designed to capture changes in the
participant attitudes toward Science, Technologyifeering, and Mathematics (STEM)
content and whether participants might enroll ire®Tcourses in the future.

Survey and test analysis was done only for stdiat had turned in the parent
consent form and that took both the pre and pas$-#nd surveys. For each test or survey
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item, an increase in score was a positive chandecieease was a negative change, and the
averages used included both positive and negatiaeges. The pre and posttest and survey
data for both sessions, June and July, were pathiegfor analysis. For the June session
there were 16 student tests included, for the debgion there were 4 student tests included
(81%, 19%). The ethnic and grade level distribugitor the included tests and surveys were
18 white, 2 hispanic, and 1 black (85%, 10% 5%) &ugdade six, 8 grade seven, 8 grade
eight, and 2 grade nine (14%, 38%, 38%, 10%). Deeaamd gender distributions were 4 at
11 years, 8 at 12 years, 7 at 13 years, 1 at 14 ,ykat 15 years (19%, 38%, 33%, 5%, 5%),
with 20 male and 1 female (95%, 5%). A seriesafqul t-tests were undertaken on the
knowledge, interests, and expected high schoolsewwork.

On the knowledge test there was an overall avaragease of 9 correct answers
from pre-test to post-test on the 33 questions(pest.05). The questions with individual
significant increases (of p < .05) involved queassioelated to the formula for distance,
speed, and time (Q28, Q32), and the formula famuonference (Q36, Q37), which were
topics included in activities done with the robbhe pre and post interest survey questions
also showed an overall significant increase ofaesof 129 to 132 (p < .05), and with
stronger agreement of interest (p < .05) betweetept to posttest, with individually
significant increases in questions related to uiegscientific method (Q13), mathematical
formulas (Q14), the engineering design process J Q2@ collaborative team work (Q29,
Q30).

The expected high school coursework study (longiaill survey showed an increase
on the instruments Likert scale of at least a @&€frage change (out of 5) indicating
significant increases (p < .05) in the perceiv&dlihood toward future study in calculus,
computer science, and Earth science (Q3), andaaease in the expected educational degree
level (Q4), and an increase between 0.25 and 0.50
average change in attitude toward further study i
pre-calculus, physics, environmental science (Q
and use of global positioning systems (Q7). This
2010 field test did not include activities using &P
but students seem to have an interest in thatesr
shown on the interest survey (Q24, Q27).

The 2010 field test demonstrated a numb
of positive aspects involving the use of robotits e
the educational environment including student
motivation, lesson activity format, and robotics
platform features. Using robots in the summer |,
camp field test doubled the normal enrollment o
the other summer camps that utilized computer
based activities and required that a second sebsiapened for the additional robotics
camp participants. The AEIOU lesson activity forrmpedved to be very useful and
adaptable to different uses and situations. Theuc®rs felt that the cyberinfrastructure
provided an efficient means to search and selssbles and the AEIOU format provided a
structure that facilitated the adaptation of lesstanthis specific camp offering. The summer
camp environment tends to be less academic thas wlark done during a regular school
session. The summer camp activities were developedly from the asking, exploring, and
instructing portions of the lessons with some oigjag added as well. Students responded
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well, seemed to be motivated by asking questiamsyed exploring science and
mathematics concepts with the robot, and wereeasted in learning more about robot
operations through instruction. The CEENBOT rol®ptatform supported the activities
and through the exposed structure, circuit boad,motors, motivated the students to
learn more about related science and engineeringepts. Students showed an immediate
interest in modifying the robot through reprogramgor structural changes and seemed to
really enjoy modifying the robot for use in the secactivity.

2011 Field Test Study of SPIRIT Lessons in Middéaé&dl Robotics Camp

Two 2011 field tests of the CEENBOT robotics math using lessons and activities
from the SPIRIT website were conducted at Gros$1ihighool, 7700 S 43rd St, Bellevue,
Nebraska. The first 2011 field test was offeredmyuthe winter break on Tuesday December
28 and 29, 2010 from 9:00 AM to 2:00 PM. The sec?ddll field test was offered during
summer break on Monday July 18 and Tuesday Julg2@®B1, and again on Wednesday July 20
and Thursday July 21, 2011 from 9:00 AM to 2:00 FAMe field tests were again facilitated by
Mr. Steve Hamersky who teaches science and comaaienology at Gross High School. The
activities used during the field tests were selkcte
to test new features of the robotics platform suc
as the data display and graphical programming &
well as the durability and usability of the platfor

The 2011 field tests were organized as a
robotics winter break camp and two sessions of
summer break camp. Students paid $40 for the
winter break camp and $50 for the summer brea
camp. For the winter break camp special flyers
were mailed directly to the home of students usi
a middle school student information database
maintained by Gross High School. The flyer was
designed to strongly market the camp and includeid@entive to attract more female
participants. A female participant could bring ajanother female friend and the second
female friend would pay half price. The marketingprmation for the summer break camp was
included in a flyer along with other Gross High 8chsummer camps such as sports and art
camps and again mailed directly to the homes afestts and sent in batches to area middle
schools for distribution to potential participantéie summer camp flyer did not strongly
market the camp and the discount for female stsdemild not be included.

The winter break camp had 37 participants of widiélwere male and 13 were female
(65%, 34%). The summer break camps had 21 pamits@dtend both sessions of which 20
were male and 1 was female (95%, 5%). The wintealbbcamp had more participants than the
two summer break camps combined and more than tivecpercentage of the participants were
female in the winter camp compared with the sumeaenps. The stronger marketing seems to
have attracted more students into the winter bcaakp and the female incentive in the
marketing flyer appears to have attracted more liestadents. There are fewer options for
camp opportunities during the winter break, so thay have contributed to the larger
registration numbers as well.

The larger number of students in the winter bregkp required that the camp activities
be offered as multiple class sessions and twoiadditteacher assistants from Gross High
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School helped facilitate the classes. In addittergss High School students volunteered to help
at the camp and as it turned out the high schodlesits did much of the teaching with the high
school teacher assistants handling classroom da@rtdomaintaining the dally schedule. The
teacher assistants were Mrs. Barbara Anderson-
Rogers a physical science and life sciences teach e
and Mrs. Julie McNamara a mathematics teacher.|
Both teacher assistants were new to teaching .
robotics and the CEENBOT robotics platform. The_ &
winter break camp allowed the teacher assistants |
observe how educational robots can be used with
students as both the teacher assistants are teftres
in integrating the robotics platform into their st&s.

Each day of the winter break camp was - '
divided into two class periods of 1 hour each mmhnrnlng a half hour lunch break, another
class period of 1 hour in the afternoon, and a lemineg half hour of an Engineering Expo.
During the Engineering Expo the participants waddegnonstrate their last class activity to their
family members before leaving the camp for the ddne three classes at the winter break camp
were (1) CEENBoT programming using the new graghlpoagramming interface CEENBoOT
Commander, (2) Basic electricity using Snap Kitd ather robots including the iISOBOT, and
(3) engineering design where participants built@qiype robot arm from balsa wood and other
materials. Smaller groups of about 12 participarasld rotate between the classes. Each
participant was paired with another participantt@ke smaller teams within each group.
Participants were provided an Engineering Notelsrakwere encouraged to document their
work in the notebook. The notebooks were evalubietthe teacher assistants and the ratings
were compiled along with the results of the chashand the student teams were ranked.
Participants were instructed that team rankingslavba used to award prizes at the end of the
field test.

The CEENBOT programming class used the CEENBo®tiob platform and the new
CEENBoT Commander graphical programming interfade participants were introduced to
the programming methods which they applied to dl@hge of using the CEENBOT to "plow
snow" from a "driveway". The snow consisted of watlpaper and the driveway was a
rectangular area taped on the floor. Participardstized simple programming during the first
day and programmed their solution to the challemgéhe second day. The programming
methods were demonstrated by the high school stsidewl the challenge results, how many
wads of paper were removed from the driveway aseadch team, were recorded by the
teacher assistants.

The basic electricity and other robots class warerexploratory. A high school student
demonstrated the use of the Snap Kits and how8®BOT can be programmed. Participants
seemed to enjoy both activities and the open eaptor the activities provided. Both the Snap
Kits and the iISOBOT come with instructions and\atiéis that were introduced to the students,
and then the participants were allowed to explor¢heir own. Participants were encouraged to
document their activities in their Engineering Nmiek and their team effectiveness and
documentation was rated by the teacher assistants.

The engineering design class involved a challeadjié a given amount of weight with
a robot arm prototype to be built from balsa woond ather materials. The teacher and students
discussed the engineering design process and gl@fgihe challenge, and then the participants
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spent some time planning their design. Participasai® encouraged to document their plan in
their Engineering Notebook. Participants built éested their designs and the teams were rated
based on the effectiveness of their design andwelthey documented their work.

The team rankings were used to award prizes dtine@ngineering Expo on the
second day with the highest ranked teams able¢otgarizes first from a prize table before the
lower ranked teams. The students were remindedgltine classes to participate fully and to
document their work and that the teams would bkedrior the prize awards. There were prizes
for all student teams but some prizes were of ligheality and interest to the students. As it
turned out, all the top prizes were won by studeams that included or were entirely made up
of female students. It seemed during the activitiesfemale teams would focus more on the
goal of the activity where as male teams would doenself directed exploration that may or
may not contribute to the activity goal.

The winter break camp was evaluated with the sam@and posttests that were used for
the Robotics Expo 2011 that included some demoggaphformation, robotics knowledge,
workplace skills, attitudes toward STEM, and ingtrie future careers. The activities for this
field test were not necessarily selected to colleéhatopics contained on the knowledge test.
The surveys were designed to capture changes mitihales and interests of the participants.
Survey and test analysis was done only for studéatsurned in the parent consent form and
that took both the pre and post tests. There weaBticipant results included of which 24
were male and 13 were female (65%, 34%). The etlmmicage distributions for the included
pre and post tests were 2 Hispanic/Latino, 34 whitaulti-racial (5%, 92%, 3%) and 8 at 10
years, 16 at 11 years, 7 at 12 years, 4 at 13 yaads? at 14 years (22%, 43%, 19%, 11%, 5%).

On the knowledge test there was a significantase (P < .05) for the number of
correct answers from 9.4 to 9.8 points from pret@gtost-test on the 18 question test. Test
guestions relating to computer programming (Q1, @B5) contributed most to the net average
increase (0.24, 0.22, 0.11). The net average isergaratings describes how much the rating
increased averaged over all survey participantsettaverage increase of 0.50 means the net
average rating increased by 0.50 for the 1 to Bhersurvey, such as from 3.2 to 3.7. Survey
items on workplace skills, attitudes toward STEMNK anterest in future careers were stated in a
positive way so that an increase in score woulctatd an improved attitude toward the skill.
Each statement was rated on a 5 point scale witdiBating strong agreement and 1 indicating
strong disagreement. The workplace skills survegstjans had average scores that
significantly increased (P< .05) from 87.7 to 9%igh questions about using step by step
problem solving and working with different peop{@2, Q11) with the highest average net
increase (0.51, 0.43) with ability to brainstoream contribution, planning, and presentation
skills (Q1, Q21, Q3, Q6) also having higher positaverage net increase in ratings (0.38, 0.35,
0.32, 0.32). The attitudes towards STEM survey toes had average pretest and post-test
scores that did not significantly change (66.99B6with confidence in programming (Q13,
Q15) having the highest average net increaseimgsa{0.46, 0.30). The career interest survey
guestions also had average pretest and post-tesisshat did not change (13.4, 13.4).

The summer break camps were split into two sessaod had 12 participants in the first
session and 9 participants in the second sessi@selsessions were small enough so that the
students could stay together in a single group.p@rgcipants were placed in teams of two
participants and each team had one robot to use.td\three driver controlled activities were
done each morning in a science classroom, thena86 minute lunch break the participants
met in a computer lab to do programming activitieth CEENBoT Commander the graphical
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programming interface. The summer 2011 field tess facilitated by Mr. Steve Hamersky who
did all the teaching and was assisted by 4 to b kalpool students who helped participants
work with robots and computers (for programming) #mey judged the contests and
engineering notebooks.

Activities followed the SPIRIT lesson format waisking, exploring, instructing,
organizing, and understanding (AEIOU) componenke activity started with the facilitator
asking questions and participants exploring thedesoncepts for a few minutes. Additional
instruction was given and participants would orgartheir thinking and plan for an activity
challenge to be completed and used to evaluateditigipant understanding. All activities
involved a challenge or prepared for a challengetiéipants were aware of the challenges and
were aware that the challenge results would be tesethk the teams and that there were prizes
for the higher ranked teams. Participants were et@ouraged throughout the field test to
document their work in their engineering notebon# aere told that the notebooks evaluation
scores would be included in the team ranking scores

It had been noticed in other field tests witlpms
middle and high school level participants that the"
current version of the CEENBoT had component
that can become damaged. The infrared sensors
the front and the wireless receiver that plugs intc
the printed circuit board are particularly at risk
damage. In preparation for the summer field test
the instructor and the high school student helper
designed and installed shields made from
polycarbonate plastic on the front of the
CEENBOTSs. The shields worked very effectively
providing the needed protection yet allowing
access to the printed circuit board. There wer€ BENBoTs damaged during the summer field
test due in large part to the protection providedhe polycarbonate plastic shields.

Participants started with an introductory actiatyout the robot and how to work in lab
areas safely. To practice mathematics and drivkilly she participants completed a component
challenge activity that involved calculating ratensd setting speeds on the robot. A group
graphing activity was completed where a group bbts created a linear graph by using
different speed settings. Participants then workedn activity to determine the wheel
revolutions required for forward movement and 9§rde turns. This information was used in
the next activity where the participants startespamming the robots and were challenged to
follow a prescribed path. The path involved thevard movement and 90 degree turns that the
participants had studied earlier. The morning efsbcond day participants completed a
CEENBOT bump mode challenge activity were they wiadore points if they could bump off
other robots in real time. They had to understan the bump mode was programmed, how
the Infrared sensors worked, and the bump modeaamoglgorithm built into the robot.
Participants completed the programming challengbemafternoon of the second day applying
programming ideas such as sequential statemegtsjthims, and modular program design.

The summer 2011 field test sessions were evalwatedhe same pre and post tests that
were used for the Robotics Expo 2011 and the w40 field test. The activities for this field
test were not necessarily selected to cover alidpres contained on the knowledge test. Survey
and test analysis was done only for participardastilrned in the parent consent form and that
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took both the pre and post tests for which thereev8 participant results included of which 20
were male and 1 were female (95%, 5%). The ethmicage distributions for the included pre
and post tests were 1 Hispanic/Latino, 19 whiteaulti-racial (5%, 90%, 5%) and 4 at 11 years,
9 at 12 years, 1 at 13 years, and 7 at 14 yea#$,(49%, 5%, 33%).

On the knowledge test there was a significant (85¥ average increase for the number
of correct answers from 10.9 to 11.5 points froetgst to post-test on the 18 question test. Test
guestions relating to computer programming andtrebosors (Q3, Q4) contributed most to the
net average increase (0.39, 0.13). The net avénaggase in ratings describes how much the
rating increased averaged over all survey partitgaA net average increase of 0.50 means the
net average rating increased by 0.50 for the 1dpo the survey, such as from 3.2 to 3.7. Survey
items on workplace skills, attitudes toward STEMNIJ anterest in future careers were again
stated in a positive way so that an increase iressould indicate an improved attitude toward
the skill. Each statement was rated on a 5 pogdeseith 5 indicating strong agreement and 1
indicating strong disagreement. The workplace skillrvey questions had a significant (P <
.05) average score increase from 88.4 to 92.9 paiith questions about brainstorming,
presentation skills, and problem analysis (Q1, @B)) with the highest average net increased
rating (0.50, 0.45, 0.45) with planning, communi@at and problem analysis (Q3, Q5, Q9) also
having a positive average net increase in ratigkl( 0.41, 0.41). The attitudes towards STEM
survey questions had a small (not significant)ease in scores (65.2, 65.8), with confidence in
programming (Q13, Q15) having the highest net ageemacrease in ratings (0.45, 0.45).
Questions about communication and problem anaf¢Xs Q7, Q9) showed a significant (p <
.05) positive average net increase in ratings (0233, 0.27). The career interest survey
guestions had a slight but significant (p < .0%y@&ase 13.6 to 14.3 in average ratings with
scientist (Q1) receiving the highest net averagagd0.41) with engineer (Q2) also having a
higher net average rating (0.18).

The 2011 winter and summer field tests held as&kdigh School provided valuable
insights into the implementation of the AEIOU teimghmodel, the use of educational robots
with middle school level participants, and the asthe CEENBOT robotics platform. The
AEIOU teaching model was used as the basis fodévelopment of the field test activities.
Each field test seemed to improve in terms of paint involvement and interest, and with the
addition of the robot shield and the use of the RB&T Commander programming
environment the robotics platform proved to be wesgble with middle school level
participants.

The first step in the AEIOU teaching model is agkguestions (A) and instructors in
the field test found that asking questions doegg#a interest in the activity and participants
seemed to enjoy sharing ideas. Participants algy& exploring ideas and skills (E) and the
individualized one-to-one instruction (1) helpedtpapants begin to apply the ideas and skills
to the activity. Participants would organize (Qgukts as they prepared for the activity
challenges. Success in the challenges provideevhleation of participant understanding (U).
The AEIOU teaching model was an effective way tgaoize the field test activities. Providing
many opportunities for participants to communicatey have been the reason pre-test and post-
test questions related to communications and teaknparticularly increased in importance to
the participants.

Many of the activities used in the 2011 field $esbuld culminate in a challenge such as
setting the proper speed on the robot using prapitthinking, or programming the robot to
follow a prescribed path. The challenges were weojivating to the participants and provided
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a vehicle for critical and creative thinking and
unlimited application of concepts. In activitiesith

did not involve a challenge, participants would
quickly finish by getting the "answer"” that was the
goal of the activity. By using challenges that were
carefully constructed to focus on a particular
concepts, such as the component challenge which
focused on 3-4-5 right triangles and proportional
thinking, or the bump mode challenge that focused o
computer programming algorithms, or the
programming challenge that encouraged the use of
modular programming methods, participants were gaga improving their understanding up
until their challenge time occurred. Student pgrtiats seemed to enjoy the challenges and
were much more focused on the challenges thanviieey when exploring ideas or concepts to
further their knowledge. The summer field test vdthaller group sizes made it easier to
effectively implement the challenges that were mmoativating to students than exploration
activities. This may have contributed to an incesasattitudes toward science and engineering
during the summer field test as compared with threes field test.

The CEENBoT Commander integrated development enment for programming the
CEENBOT robotics platform proved to be very effeetat the middle school level. Participants
in the field test were very quickly able to leamnhto create programming projects and how to
use the drag-and-drop methods to build specifigqams. Downloading the programs into the
robotics platform was also easily mastered asttidests would modify and update their
programs many times in preparation for the programgrohallenge. The pre-test and post-test
results showed students improved their understgratia attitudes toward programming and
their ability to program and troubleshoot robotiograms, which may be due to the participant
success with the CEENBoT Commander integrated dpugtnt environment.

In summary, the 2011 field tests provided manyuisesults and insights, but in future
there may need to be more mathematics activitdaded that illustrate what mathematicians
do in their careers and how theories from mathemaats are used by scientists and engineers
specifically applied to robotics. Improving attiegltoward mathematics is very important as it
serves as a doorway to other areas such
as science, technology, and engineering
Marketing the winter robotics camp
specifically to females helped encourag:
more females to attend and those
attending females received
encouragement to pursue careers in
STEM areas. The CEENBOT robotics
platform performed very well especially
with the addition of the shield to protect
the exposed components. Since all '
components and electronic circuits of th
robotics platform are accessible,
participants can explore all aspects of t
robot design and operation.
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Virtual CEENBoT Collaboration with 4-H Robotics:

As mentioned in the activities section, the s
SPIRIT project worked closely with the 4-H
organization, Dr. Gibson from Global Challenge
and Dr. Barker and a leadership team from the
University of Nebraska-Lincoln, to contribute to
an online virtual CEENBOT program, that is a
robotics simulation that will be distributed to 4-H
clubs and camps. The Virtual Robotics applicaticigss
is a multi-platform software program that has bed
developed to give students a general introduction
to robotics. The application was developed asdaicaional game in which students work
in a virtual laboratory to investigate the natufeabotics and then build and test a virtual
CEENBOT. The students are guided in this procgsoinpleting a series of levels that get
more challenging. Students must also record obsiens, their own designs and
experiment results in a notebook.

The virtual robotics application was field
tested during the Summer of 2010, and the resu
were encouraging. This field test used an open-
ended content questionnaire that youth
participating in the field test took before andeaft
the field test experience. Eight youths were
available to use all of the program features for a
duration of 3 days, and to work through all of the
virtual CEENBOT activities. The questions
examined selected “big ideas” within the contextl
of STEM learning and educational robotics, sin@ tiras the focus of the virtual robotics
program. Questions were purposively structuredetditect and simple, to help to elicit a
variety of responses from students. In particdlsr,content instrument asked the
following seven questions.

1) What is a robot?

2) What is a variable?

3) What is the engineering design process?
4) What is a computer program?

5) What is science?

6) What is mathematics?

7) How are robots used in real life?

Youth responses to the questions were then typddrigach individual youth and
analyzed by a research team from the Universityedfraska at Omaha College of
Education. Responses were typed such that theg Badient’s pretest and posttest
response shown side by side within a word documd&tgsponses were then scored on
whether they illustrated a deeper understanding fitee pretest to posttest.
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Instrument Question Improved (N)
1. What is a robot? 50.0% (4)
2. What is a variable? 12.5% (1)
3. What is the engineering design process? 50.0% (4
4. What is a computer program? 12.5% (1)
5. What is science? 50.0% (4)
6. What is mathematics? 25.0% (2)
7. How are robots used in real life? 50.0% (4)

It is interesting to note that across
the use of the virtual CEENBOT program,
four of the content questions surfaced as
particularly illustrative of some growth
within the big ideas targeted by the
program. These included “What is a
robot?”, “What is the engineering design --7
process?”, “What is Science?” and “How
are robots used in real life?”. For these
guestions in particular, students provided
more detailed and meaningful responses
the posttest instrument. An example
response to each of the seven questions,
illustrative of a deeper understanding for thaidayw follows.

1) What is a robot?
Pretest Example: “Not sure.”
Posttest Example: “A robot is a machine thata@aerate without people.”

2) What is a variable?
Pretest Example: “l don’t know.”
Posttest Example: “The part of an experimerit¢tha be changed.”

3) What is the engineering design process?
Pretest Example: “l have no clue.”
Posttest Example: “The engineering design poisethe process of
designing something, revising the design, andrigsti”

4) What is a computer program?
Pretest Example: “A computer program is a progoana computer”.
Posttest Example: “A program written that hehwes computer data chip
work.”

5) What is science?
Pretest Example: “I am not sure”
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Posttest Example: “Science is the study of diffethings, such as robotics,
nature, space, rocks, etc.”

6) What is mathematics?
Pretest Example: “Problems, addition, subtractmaltiplication, division”.
Posttest Example: “A math science used to findvens’

7) How are robots used in real life?
Pretest Example: “Machines are robots.”
Posttest Example: “In the real life, robots aredu help people do things.
Robots can rescue people, put out fires, and hélptchome.”

Pilot test data for the evolution of the Learned Science Concepts
Virtual CEENBOT program has been relatively msirongly dissgres Wdlsges Wucutrsl Mages Wsirougly agres
extensive, and has included 62 facilitator reviews
from 35 reviewers and 640 youth reviews . _
(estimated at about 500 different children) that
have provided feedback on individual modules a
they were taught within a draft version. Both the
youth and facilitators alike provided reflective I _
feedback about the instructional aspects of the o 0 1 W 4 50 0 70 8 9% 100

applications. Both groups also answered Likert
scale questions related to the complete instruatienvironment represented by the virtual
modules. The Likert scaled items were then sunmedrior each individual module, and
for the draft curriculum as a whole. Here we repori
on several of the summary findings.

Four questions asked of both adults and
students were whether the activity helped themnles
science, technology, engineering and mathematics _
(STEM). Two additional questions asked if they
found the learning experience “interesting” and if
they would tell their friends that it was a goodhth ™" [ =
to do. That last question was modified for the adul
to ask if they thought students found the expesenc
engaging, which is a key consideration in any anénvironment. The results were similar
across three of the four STEM concept areas (SaNt),those results contrasted with the
results for the fourth area, engineering (E), dugsi

Found it Interesting

Bstrongly disagree " disagree ¥ neutral ®agree © strongly agree

0 10 20 30 40 50 60 70 80 90 100

indicating that students have less ability to recog bevels of Agreement
when they are learning engineering in this context "Students * Adults
Similar to the findings for learning 010 2030 40 5060 70 80 90 100
engineering concepts, a large majority of adults LearingScince Conceps S——
(over 90%) and less, but still a strong Majority Of | Ly eciuology Conepts Em———

students (over 70%) differed in whether youth WOU  1eumingengineering concepts S
find it interesting; adults somewhat overestimating Lemng vatenstics concepts Fm——

the potential interest level compared to the sttaden Pound it ntereting —
However, with 74% of students finding it interegtin Would tell i S——
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the design teams were encouraged.

Comparing results across all feedback measuressstiavstudent results were
consistent on across all questions, with betweé&a 48d 26% disagreeing with each
proposition (e.g. that STEM learning had occuri@t) between 14% and 23% remaining
neutral. The range of agreement and strong agreéemgre students ran from a low of 45%
on learning mathematics to a high of 74% finding pinogram interesting. In the adult data,
the range of agreement and strong agreement lead @4% on whether mathematics
concepts were learned to a high of 98% agreeirtgetigineering concepts had been learned.

In addition to the quantitative results, specifiggestions were solicited, which were
then organized by the project leaders and shartidtiae design teams. Suggestions for
Virtual Robotics led to revisions:

» Changed how participating youth navigate througdliviies, requiring that they
begin each activity before they are able to ghéouirtual test area, as
recommended by the expert reviewers.

* Graphical changes were introduced to make the @mvient seem more
sophisticated and to better appeal to middle-scagelyouth

» Created “books” within the program with interestigrgphical designs to engage
youth with the background information needed inghegram

» Supporting collaborative inquiry within the acties and working with youth in
small groups and teams

» Supporting youth-adult partnerships as adults meygoth in leading the
curriculum

» Support and suggestions for leaders in using theécalum in different contexts
and across different age groups

Students using the Virtual CEENBOT program were gisen an attitude
guestionnaire. As described more fully in othetgaf this report, the attitude instrument
was a short 33 question Likert-scaled instrumeat éisked youth their attitudes about
mathematics, science, and learning. This assess$rasitbeen previously used and
validated within a variety of educational settinggmmer camps, and after-school
programs including previous work within 4-H (BarkbBlugent, Grandgenett, Hampton,
2008). In general, although the students genesalbyed high in their attitudes as
measured by this instrument, there was not a statlly significant improvement in
attitude by youth as measured by the overall ins¢émnt. This is somewhat explainable by
the fact that most of the participating youth wimoaled in the summer field test started
out relatively high on the attitude instrument, &nen also scored as generally high on the
instrument posttest.

However, although the overall attitude questiomagsults across tracks did not
show a significant difference overall between thetgst and posttest administration, three
selected individual questions did show some sigaift improvement within the context of
an exploratory field-test environment (using theleration level for significance of p <
.10). While statistical validity of the instrumefiot individual questions has not been fully
established, these individual results were encangagnd illustrate that youth may well
have improved their attitudes for some elementh®ise of robotics and technologies
within the field-testing setting.
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Questions Showing Exploration Level Improvement (0)
Q2: It is important for me to learn about robotics.
(Pre =4.21, Post =4.52; t=1.498, p < .071)
Q13: | like using the scientific method to solvelpems.
(Pre = 3.60, Post = 3.87; t=1.298, p < .097)
Q23: | can fix a program for a robot that doeshmgtave as expected.

(Pre = 3.83, Post = 4.16; t=1.652, p < .052)

Field Test Study of the CEENBOT in Undergraduate Carsework

Although the SPIRIT Project is primarily focusedmiddle school, it is also striving to
connect the use of the CEENBOT platform, and culuim strategies, so that it is a seamless
environment between middle school, high school,amkergraduate STEM education. Since
the CEENBot platform, as developed in SPIRIT, ievstg to be a true computer and
electronics engineering platform, it was thouglat thwould be important to also confirm its
utility at the undergraduate engineering levelwad this end, Alisa Gilmore and Herb
Detloff, senior personnel in SPIRIT and instructiorshe undergraduate CEEN program
(Computers and Electronic Engineering), did a sthaiyng 2011 with undergraduates using the
CEENBOT in a Senior class, who had used the CEENBtfTin their program, to retrieve their
reflections on its utility for their undergraduaegineering program.

The study in CEEN attempted to determine if speskills, capabilities and self-
efficacies were enhanced in the students havingdian control and programming experiences
with the CEENBOT platform. The tools implementedluded a pre and post student survey and
a focus group session with these seniors. The fgug was conducted by two college of
education professors.

The pre and post survey results revealed an isern@dthe students’ perceived technical
abilities and measures of self-efficacy in the allegroup of seniors at the end of the semester.
Several of the questions had encouraging resultsrepresented 27 seniors. These included:
How do you rate your confidence to program an autoous robot? (Pre: 42.8% Post:
55.50%); How do you rate your confidence to diagn@groblem with a programmable
electronics or computer device? (Pre: 57.1% :B&s2%); How do you rate your confidence
to trouble-shoot a programmable electronics or agemdevice? (Pre: 57.1% Post: 85.2%);
How would you rate your confidence to resolve agphir a diagnosed problem with
programmable electronics or computer device. (Fe4% Post: 85.2%).

Comments from the focus group observation summeegared by Dr. Grandgenett
revealed the pros of using the CEENBOT voiced hgestts. Their comments included the
following, using the stem of The CEENBOT is: “Pguhdahe only avenue for the current CEEN
student to truly put what they learn into practitegsier to get behind a project that is so easy
to show students results”; “Has the ability to amdmore features”; “Is an interesting and
realistic connection to robotics”; “Has the alyilib get started quickly at a low level, but can
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still be taken a long way by more advanced students

Students recognized that the platform was recendgified for the course, and felt that
the newness of the CEENBOT made it a challengéhfsriteration of the course. Even with
these challenges, students felt that “the CEENBa$ still a very useful platform for CEEN
learning, and was superior in potential use toleleBot, and worthy of continued use and
refinement for CEEN instruction.”

Student feedback from the focus group sessioniggdvmany constructive insights for
the further integration of the CEENBOT. Theseudeld suggestions for instructional
refinements for achieving a cohesive integratiothefplatform across the CEEN program.
Students suggested the need for a dedicated labpsitucture for this class, the need to
expand upon and refine laboratory instruction,rtbed to achieve a steady-state in platform
development, and the need to separate the coucsenio separate courses to allow for a
dedicated course in mobile robotics. They alsomenended that the integration of the
CEENBOT into the 4-year CEEN sequence continuestddyveloped and coordinated between
instructors.

The CEEN study provided important data from sttdeadback that will be applied to
further refinements of assessment tools of stul@anbing, and ultimately to an informed and
effective integration of the CEENBOT in the 4-y&E sequence. In the context of the
SPIRIT program, it also provided a confirmationtthglatform that is being used and modified
for K12 education, can continue to be useful inargcaduate STEM education.

Artwork Added to the Curriculum:

Feedback results from teachers and studen
in the initial pilot testing process had also sisgige
that we add more “fun and engaging” visuals to th
lessons and curriculum activities. The projecsthu
found a professional graphics design artist from a
local television station that was very interested i
working (inexpensively) to add some interesting
“cartoons illustrations” to various lessons. Astpr
the lesson writing process, the SPIRIT lesson verit:
now include an idea for a cartoon that illustrates
STEM concept in their lesson. This illustratioead
is then noted at the start of the draft lesson and
labeled “Cartoon Idea.” with the illustration to be
added at a
future date. To
illustrate the
lesson, Mr.
Dan Wondra, an Omaha-based graphic designer ath lo
television station, then creates the cartoons rteeHies
work is both creative and impressive with some Beoe
and thoughtful illustrations of STEM concepts, ikiad
of “editorial cartoon” style.

The cartoons include a personable CEENBoOT that
is sometimes illustrated as a female robot, andetiomes
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illustrated as a male robot. The cartoons are@gsmned to give the reader a clever and
engaging visual “hint” about the STEM concept fog tesson. Humor is also provided and
integrated into the cartoon visuals. Teacherssamdents replying to lesson feedback forms, as
well as in anecdotal comments, have really embréewedartoon illustrations, and the initial
feedback in the pilot sessions has been very gesathout this element when it is included. In
addition to creating the cartoons for the lessdfrs Wondra has also created the designs for the
t-shirts as part of the CEENBOT Showcase eventkinmgdiis contributions truly an integral

part of the SPIRIT project and its evolving curtion components. More than 70 different
cartoons are available to teachers, each withstruictional context. A selection of these
cartoons are available free at: http://www.ceenadhl/TekBots/SPIRIT2/Multimedia/.

SPIRIT 2009, 2010, and 2011 CEENBoT Showcase Events

In support of further partnerships with area schbstricts,
businesses, and other partners that are so ctitidedlping us to refine
the SPIRIT curriculum and the CEENBOT platform, geject held a
showcase event on March"™8f 2009 and a second showcase event o
January 36, 2010, and a third on February"2011. A total of 113
students from grades K-12 attended the first eakamtg with teachers
and many parents. A total of 26 schools (and 8dhters) were
represented in this inaugural event. The secordtéhad more than 400
students participate and was held at the Stratsigiand Space Museum
in Ashland, Nebraska. The third event had mora 8G0 students
participate. The Governor of Nebraska gave th@iogevelcome

. . braska
speech during 2010 and 2011. Students in all tnew/case events ﬁﬁvi*‘;em‘j.‘;:’::“ i

participated in various robot challenges and madsgntations related tc gives the opening
robotics, and provided ideas on how they couldrekt& use the

CEENBOT. Teachers also presented on how educatioetics overlapped with their current
curriculum goals and where such activities mighthfer assist with student STEM
achievement. There was news coverage by televisijii

stations and state newspapers at each of the 2009

event. Business partners included Lockheed Martirg®
Union Pacific, Omaha Public Power District, and Cog
Communications. College students from both the
University of Nebraska at Lincoln engineering
programs and the University of Nebraska at Omaha
College of Education programs helped to run the tw
events. All student participants in the Expo reedit
shirts and a robotic bug donated by the Nebrask8 ANl8pace Grant, and many schools
received a CEENBOT kit and an Electronic Snap Qif€it that was also donated.

The second CEENBoT Showcase event on Janudky2810 and the third Showcase
event on February 92011, were both particularly well attended. Eheso most recent
showcases were a statewide event, and we partwéitethe 4-H Robotics Project on both of
them. The second and third event was called thedd&a Robotics Expo, and will eventually,
become a regional, and then a national event. &/e tleveloped strong collaborative

NS -.l--_ L Y
Students tale furns with [ason Harper's "Mars Volm®™ remore
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partnerships in support of this large-scale and anmaual effort, that includes the Boys and
Girls Clubs Inc., the University of Nebraska Systéne Peter Kiewit Institute, the Strategic Air
and Space Museum, the Nebraska 4-H, and the NAS»¥adka Space Grant. The further
events will feature a CEENBoOT showcase programherSPIRIT side as well as a FIRST
LEGO League qualifying competition on the 4-H Rat®Project side. Working closely with
the 4-H Robotics Project on the Robotics Expo, ise axamined student STEM concepts,
attitudes and workplace skills using surveys déscriearlier. Samples of these surveys are
also available in the appendix.

As measured by dependent “t” tests, CEENBOT pauitis in the Robotics Expo have
shown significant increases in the engineeringesoithe cognitive test, although the overall
test statistic was not significant. For the attgudeasure, participants had significantly
increased ratings for the task value of science and 1
problem approach scales. There were also somedmi
increases (not significant) in overall attitudeski@alue
of math, and robotics self-efficacy.

Skills. The overall increase in this measure was
significant, as well as the problem approach. Hindet
below shows the 2010 pre- and post mean scorgs as =
example for the overall cognitive test scores and i B e et o e P
subscales, as well as the attitude and workpla@suanes and their subscales.

1l ibia S fmrdey

Pre-post Means and Statistics for Cognitive Attitude, and Workplace Measures

Coghnitive Test

Pre Mean Post Mean t df p (1-tail)
Overall Cog 10.96 10.89 .24 73 .40
Engineering* 3.38 3.66 2.29 73 .02
Programming 4.79 4.59 1.02 73 .16
Eng. Design 2.78 2.64 1.10 73 14
Attitude Measure

Pre Mean Post Mean t df p
Overall Att. 4.19 421 .83 74 21
Task Val Sci* 4.21 4.31 2.18 74 .02
Task Val. Math 4.29 4.35 1.03 74 .16
Task Val. Rob. 4.43 4.28 2.33 74 .02
Problem* 3.98 4.14 2.45 74 .02
Self Eff. Robot 3.84 3.90 73 74 .24
Team 4.43 4.35 1.03 74 .15
Workplace measure

Pre Mean Post Mean t df p
Overall** 4.29 441 2.97 59 .002
Problem*** 4.03 4.30 4.24 59 .001
Team 4.40 4.39 31 59 .38

Overall, we fully expect to continue to utilize Heesorts of showcase events, and to
steadily expand them, as a way for teachers teghair classroom strategies and materials
related to SPIRIT, and as a way for their studemtget further excited about educational
robotics. The next events in 2012, also to be hettie Nebraska Strategic Air and Space
Museum, will include events that involve the Tl @inang Calculators and a functional
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Graphing Programming Interface. Additional partner_
organizations and exhibitors will be sought, susha = |
the University of Nebraska Medical Center, who
contributed a robotics surgery simulation for thele
of the events. These showcase events also pravide
nice catalyst to further partnerships, and a p@wad
convenient way to engage with industry partners to
enhance their collaboration, as well as to incrélasie
understanding of what teachers and schools armggtryi
to accomplish within the SPIRIT project and STEM
education. We hope to eventually make this annual uNMc surgical Roboetics Demonstration
showcase event a truly national event. We beliege fascinates students

it can enrich both our partnerships, and our SPIRIficulum, by bringing even more teachers,
schools, partners and creative energy into the BRIRject.

Student Participation in Robotics Construction:

Since one of the goals of the project related ¢éondwer CEENBOT platform is to
develop a more compatible robot for student coositra, students have been regularly invited
to build the CEENBOT at either their schools, os@nmer and Saturday sessions at the Peter
Kiewit Institute. In many ways, these student-¢argions have been technical "dry runs" to
see if middle and high school students can suadgssbnstruct the robot, and if they needed
additional assistance within that process. The K& and its various versions have now had
more than 200 students build the robot in theseuwuarsettings. The students sometimes build
the robot right along with the teachers. In factecdotal observations have indicated that
students were even a bit faster with the robotttoagon than teachers. This was an
encouraging observation, as well as a useful egda@ontribution, since the students also found
several edits to the construction directions thatteachers and consultants had missed.

Several schools have already embraced CEENBoT remtish and have integrated into
the curriculum. For example, at Westside Middlba@x, the introduction of robotics into the
curriculum begins with students observing the rgmiotion as it is in bump-bot mode. Then
guestions are asked, such as, “How does the roloot ko make the decisions it does?” This
leads us into a discussion about programming. rAlfie introduction, students study the
engineering design process as they build the rabadgrogram them to solve a problem. For
efficiency, the Westside robots are stored in akipg garage” and fueled at “charging
stations.”
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To further study the design process, as well gsdtect the wires and components, Westside
also designed a cover to go over the circuit bo&fdt wanting to discourage curiosity or block
the view of the digital display, the cover will beade for the school with clear acrylic,
approximately 1/8” thick. The cover is removalakowing for future expansion of end-of-
arm-tooling, repair, and upgrades. Openings dlswdor charging, turning on and off,
resetting, and access to ports. Currently, Westsiddents are testing their design with
cardstock prototypes. After feedback from obseowaand students, the covers will be
manufactured at a local plastic fabricator for sbbool’s use, illustrating the utility of an open
source CEENBOT in supporting student creativity andagement with the CEENBOT.

3. Describe the opportunities for training and devipment provided by your
project:

Continuing into 2012 and over the duration of furgpio date, the SPIRIT project team
has had a great opportunity to engage in very lootktive teacher professional development on
educational robotics. The engineering experts maorked closely with education and
curriculum experts in their technical instructiamd in turn, the educational experts have
coordinated closely with engineers in their pedagadgnstruction. The result has been an
excellent group synergy and set of teacher traiattiyities, where the exchange of ideas,
suggestions, and formative review has systematicalhtinued on both the technical and
educational objectives. This has resulted in ammhtind ongoing professional development
process for both the engineering/technical team Ipeesnand the education team members that
have directly supported the SPIRIT curriculum depeilent process, as well as the further
development of th€EENBoT platform itself.

The SPIRIT project has also continued to refinepittdessional development efforts for
area middle school teachers and a total of 305&xadiave now participated in extended
training of multiple day workshops, from 3 to 10/ddor more). We have also engaged in
shorter duration sessions (of several hours olyg dathe request of various school districts as
well as provided one-half day awareness workshopgachers and students related to how
educational robotics can help to teach STEM corsceplost of the recent teacher training
workshops, were completed at no cost to NSF, vighsthool districts or other organizations,
such as Dream It Do It, raising the money for teeded teacher training activities. More than
700 teachers have also participated in shortettidar&raining events, again, at little or no cost
to NSF. These participating teachers are now drnogian excellent source of the pilot testing
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of individual SPIRIT lessons (already underway)] amy contribute to more extensive field-
testing to be undertaken in 2012.

All project training included having teacher pagants systematically look at their
local curricula and the national, state, and dissiandards to determine the best integration or
“touch points” for new robotics activities in thapecific coursework. The project website
contains several resource documents for each temrcties endeavor, such as standards lists,
integration suggestions, videoclips, student assests, samples of student STEM content
misconceptions, and a variety of other curriculuwpport documents, such as a spreadsheet of
potential curriculum "touch points" for integratioro various school curriculums.

4. Describe the outreach activities your project &s undertaken:

As we continue into 2012 with the SPIRIT project ais curriculum development
efforts, as well as the teacher professional dgweént, the outreach and teacher engagement
has been critical to the our overall project sus@swe have worked systematically to integrate
teacher training, curriculum development, pilotiteg field testing, and curriculum refinement
activities. Faculty and staff from the College afugation have frequently observed and
videotaped SPIRIT lessons in action, and have wbckaesely with teachers who are piloting
and field-testing testing lessons, and who haveeagto work with us in a variety of curriculum
development endeavors. Engineering students anttydoom Peter Kiewit Institute have also
been routinely invited to come to the schools teesbe and participate in the CEENBoT
construction activities. Outreach activities halsmancluded local science and engineering fairs
and as well as the now annual SPIRIT ShowcasehiohWSPIRIT teachers and their students
participate in various collaborative and competitactivities, and give presentations on their
efforts (see pictures and overview in the repomp&mplix).

The Omaha Public Schools and the Metropolitan Onkahecation Consortium (13 area
school districts) have indicated that the SPIRIf6re$ dovetail very well with the existing
science and mathematics curriculum in these sch@pecial attention has been paid by this
initiative to aligning with the national scienceathematics, and technology standards, since
these standards have been of particular interé3TEM educators, and form a foundation to
the evolving SPIRIT curriculum. Many area teaclerd administrators have sent thank-you
notes that praise that the design and format ofaaeher training efforts and outreach, as well
as the SPIRIT lessons and its evolving cyberinfuastire. SPIRIT teachers are also continuing
to write STEM lessons and to contribute STEM lessieas based upon educational robotics,
which integrate various skills and knowledge gaifrech their previous SPIRIT training
activities, and that align with their own distr&cvision for innovative and engaging STEM
learning for all students. We have also includadous other lessons that look at the context of
STEM education within energy, mechatronics, indasautomation, and other similar topics
that overlap nicely with educational robotics.

The SPIRIT project is also undertaking nationa€levorkshops at professional
conferences, including the High Impact Technologgltange Conference and the International
Technology and Engineering Educators Associationf€ence, as well as conducting
presentation sessions at conferences such as ¢hetySior Information Technology and
Teacher Education, the National Science Teacheseddaion Conference, and the National
Council of Teachers of Mathematics conference. s&€hveorkshops and conference
presentations have undertaken during the durafitimeogrant, but have significantly expanded
in 2011 and are planned to expand even furthe@ir22
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The SPIRIT project has also begun a systematreact to various educational service
units in the area, which are support consortiumsiffea school districts. Four educational
service units (located in Kearney, Beatrice, Omahd, Millard) have already requested to host
awareness and exploration sessions for their tesctoeparticipate in pilot testing efforts, and
have also agreed to provide control group data some of their students in the area, as well
as to help to retrieve perceptions data from stigdearticipating in the awareness sessions.
Potential field test collaborations are also depmig well. Other educational service units in
Nebraska, as well as several Area Education Agemgitowa have also indicated an interest to
work with us in the future, particularly within tloentext of pilot testing and field-testing. In
addition, four community colleges: Central Commu@bllege in Columbus, Nebraska;
Western Nebraska Community College in ScottsbNiébhraska; lowa Western Community
College in Council Bluffs lowa; and Northeast Nedka@ Community College in Norfolk,
Nebraska have all worked initially with the SPIRdf0ject to host a SPIRIT training or
awareness session. This evolving link to commurotieges is a new and exciting outreach
partnership that we see as having significant piatieto help with systematic SPIRIT growth
and sustainability.

There is also a growing interest by university Eieal and Computer Engineering
(ECE) departments in the use of the CEENBOT aslanational platform that promises to
invigorate our existing programs and to again helgupport SPIRIT sustainability. This will
eventually help to form partnerships around thentbguwvhere university ECE departments and
local K12 schools work together to use and exteedIPIRIT robotics curriculum. Several
university partnerships are already underway. dxample, Tulsa University's ECE department
has had positive experiences with robots in thé qnad is now very interested in the possible
adoption of the CEENBOT to fit the needs of theiiversity-level ECE department. Rose-
Hulman Institute of Technology (one of the mostgressive ECE departments in the United
States) is another example and is interested iewavg the attributes of the CEENBOT in
comparison to other platforms currently used inrthpegram. The Missouri School of Science
and Technology's ECE department (formerly the Usitae of Missouri-Rolla) also has an
interest in providing the educational robotics falah to their entering freshman class in a
manner similar to what the University of Nebraskaoing here in Omaha at the Peter Kiewit
Institute. Finally, Howard University's ECE charpon sees the CEENBOT as a means to
reach out to their minority students by penetrathrgglocal K-12 environment surrounding
Howard University in Washington D.C. In furthepgwrt of extended university
collaborations, the national ECE chairs group hes suggested that the SPIRIT project
promote the CEENBOT and its applications at thaiahmeeting gatherings. Dr. Chen
(SPIRIT Project PI) was recently elected as theigemt of the Electrical and Computer
Engineering Department Heads Association (ECEDHARD12. Two of his projected themes
are to increase student diversity by an all oubnat penetration into the K-12 environment
and an increasing voice within education and waykinth the political leaders of the U.S. to
support K-16 STEM education in a focused manndis Teadership position provides a great
opportunity to further extend the SPIRIT projedbia truly national presence.
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Publications and Products

1. Journal manuscripts and other publications

The following publications have been related tovéiees associated with the SPIRIT
project, or are derived from foundational reseaftbrts. Some publications were undertaken
in collaboration with the 4-H Robotics and GIS/G&®arTech 21) project or with researchers
working on teacher education related Technolodgtemlagogical Content Knowledge, at the
College of William and Mary. Additional publicatis are in the planning process, and will be
submitted soon.

Barker B., Nugent, G., Grandgenett, N., Adamchui@811-In Presdfducational Robotics in
K-12 EducationBook publication by IGI Global: Hershey, PA.

Grandgenett, N.F., Harris, J., Hofer, M. (2011). Activity-Based Approach to Technology
Integration in the Mathematics Classroqlournal of Mathematics Education
Leadership Fall/Winter 2010-11, which is a journal of thetdaal Council of
Supervisors of Mathematics.

Grandgenett, N., Ostler, E., Topp, N., Goeman2B1{). Robotics and Problem-Based
Learning in STEM Formal Educational EnvironmentsBarker B., Nugent, G.,
Grandgenett, N., Adamchuk S. (EditoEsjucational Robotics in K-12 Educatio®|
Global: Hershey, PA.

Rech, J., Matthews, M., Grandgenett, N. (201d)e impact of content courses on pre-service
elementary teachers’ mathematical content knowledggues in Undergraduate
Mathematics Preparation of School Teachers: Thendb(Content), Volume 1,
December 2010. Available online at: www.k-12pregtimitu.edu.

Topp, N., Ostler, E. O., Grandgenett, N.F., (20Cbntributing to the Cyberinfrastructure: An
interactive STEM Lesson Development Model for Ediereal Robotics. Published in
theProceedings of the 2011 Society for Informationhhetogy in EducationNashvile,
Tennessee, March 8-11, 2011.

Davidchik, D., Grandgenett, N., Pauley, D. (201Business collaboration and blended
learning to develop student critical thinking skilPublished in the proceedings of New
Learning Technologies 2011 SALT Conference, Felyr@dr25, Orlando, Florida.

Harris, J., Grandgenett, N., & Hofer, M. (2010)slieg a TPACK-based technology integration
assessment rubric. In C. D. Maddux (EdResearch highlights in technology and
teacher education 201(. 323-331). Chesapeake, VA: Society for Infororat
Technology & Teacher Education (SITE). Available:
http://activitytypes.wmwikis.net/Presentations

Barker, B., Grandgenett, N., Nugent, G., Adamchuk2010). Pairing educational robotics
with geospatial technologies in informal learnimyieonments.Journal of Youth
Development5(2), 37-42.
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Nugent, G., Barker, B., Grandgenett, N., Adamchuk2010). Impact of robotics and
geospatial technology interventions on youth STERIhing and attitudeslournal of
Research on Technology Educatid2, 391-408.

Barker, B., Grandgenett, N., Nugent, G., Adamchuk2010). The short-term benefits of
educational robotics when paired with geospat@hinelogies in informal learning
environments. InProceedings of the 2010 2nd Annual Computer Supgdttiucation
(CSEDU) 2, 391-404.

Barker, B., Grandgenett, N., Nugent, N., Adamchik;2010). Robots, GPS/GIS, and
Programming Technologies: The Power of "Digital Mpamhatives” in Youth Extension
ExperiencesJournal of ExtensiofOn-line], 45(5) Article 1FEA7. Available at:
http://www.joe.org/joe/2010february/a7.php.

Nugent, G., Grandgenett, N., Barker, B., Adamchuk2010). The Impact of Robotics and
Geospatial Instruction on Student STEM attitud@aper presented at the 2010 AERA
Annual Meeting Denver, CO. May'3

Harris, J.B., Hofer M., Grandgenett, N.F, Blanchaid, Schmidt, D., Young, C. (2010).
Instructional Planning Using Curriculum-Based At{ivi ype TaxonomiesJournal of
Technology and Teacher Educati@pring, 2010.

Harris, J., Hofer M., Grandgenett, N.F. (2010)sfireg a TPACK-based technology integration
assessment rubric. Published inreceedings of the 2010 Society for Information
Technology in Educatigrban Diego, California, March 29, 2010.

Grandgenett, N. F., Harris, J., Hofer, M. (20@8ounded technology integration in
mathematicsLearning and Leading with Technolg@7(3), pp. 24-26, November, 2009.

Gilmore, A., Sash, R., Grandgenett, N., Chen, Z)00). Using robotics to equip K12 teachers:
The Silicon Prairie Initiative for Robotics in Imfoation Technology (SPIRIT). Published
in theProceedings of the 2009 American Society of Engimg&ducation Annual
ConferencgAustin, Texas, June, 2009.

Adamchuk, V.G., Nugent, B. Barker, and N. Grand¢feif2009). The use of robotics, GPS and
GIS technologies to encourage STEM-oriented legrimryouth.Proceedings of the 2009
Midwest Section Conference of the American Sofvetiyngineering Educatigrin Lincoln,
Nebraska, 16-18 September 2009, D. Schulte, edhivgten, DC: ASEE.

Barker, B., Grandgenett, N., Nugent, G., Adamchulks. (2009). Scaling-up an educational
robotics intervention for informal learning enviroents. Published in tHeroceedings of
The World Conference on Educational Multimedia, étypedia & Telecommunications
2009 pp. 3231-3236, Chesapeake, VA: AACE.

Barker, B., Nugent, G., Grandgenett, N., Adamchulg. (2009). Synchronous educational
robotics intervention for informal learning enviroents. Published in throceedings of
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The World Conference on Educational Multimedia, étypedia & Telecommunications
2009 pp. 3237-3242, Chesapeake, VA: AACE.

Nugent, G., Barker, B., Toland, M., Grandgenett,H\ampton, A. & Adamchuk V. (2009).
Measuring the impact of robotics and geospatidirietogies on youth science, technology,
engineering, and mathematics attitudes. PublishéldeProceedings of the World
Conference on Educational Multimedia, HypermedraJ &elecommunicatior(pp. 3331-
3340). Chesapeake, VA: Association for the Advamaet of Computing in Education

Barker, B., Grandgenett, N. & Nugent, G. (2009)néw model of 4-H volunteer development
in science, engineering, and technology progradesirnal of Extension[On-line], 47(2)
Article 2IAW4. Available at http://www.joe.org/jé2009april/iw4.php.

Nugent, G., Barker, B., Grandgenett, N. & Adamchuk(2009). The use of digital
manipulatives in K-12: Robotics, GPS/GIS and prograng. In the Proceedings of
Frontiers in Education’s 39 Annual Conferenge2009, FIE '09.

Ostler, E., Goeman, B., Grandgenett, N., Wolfe, (2B09). From robotics to semiotics: Using
robots and graphing calculators to provide contextraditional algebra skillsPublished
in the proceedings of The Society for Informatiechinology and Teacher Education
(SITE) annual conferenc®arch 2-6, Charleston, South Carolina.

Grandgenett, N.F. (2008y.erhaps a matter of imagination: TPACK in matheosati
education Published as Chapter 6The Handbook of Technological Pedagogical Content
Knowledge for Teaching for Educatpidatt Koehler & Punya Mishra, Editors. Akmerican
Association of Colleges for Teacher Education (AAJ publication,New York, New
York: Routledge Publishing.

Barker, B.S., Nugent, G., Grandgenett, N.F., Hampfo (2008). Examining Robotics in the
Learning of Science, Engineering and Technologyidoand the Related Student Attitudes.
Journal for Youth Development: Bridging Researct Bnactice Volume 2, Number 3, online
at http://www.nae4-Ha.org/directory/jyd/jyd_artidepx?id=f5a34e58-1cd3-4994-981d-
b81fa406cd74.

Barker, B.S., Nugent, G., Grandgenett, N.F. (20B&amining 4-H Robotics and Geospatial
Technologies in the Learning of Science, Technal&mgineering, and Mathematics
Topics. Publication in thédournal of Extensionvolume 46, Number 3, online at
http://www.joe.org/joe/2008june/rb7.shtml.

Nugent, G., Barker, B., & Grandgenett, N. (2008)e Effect of 4-H robotics and geospatial
technologies on science, technology, engineerimg naathematics learning and attitudes.
Proceedings of World Conference on Educational ivhddia, Hypermedia, and
Telecommunications, 200p. 447-452). Chesapeake, VA: AACE.
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2. Products of the SPIRIT grant

The products related to the SPIRIT project arectlyeelated to the foundational curriculum
elements developed by the project that will suppartiddle school curriculum strategy for
educational robotics. These evolving productslimexamined at the general SPIRIT
Education websiténttp://www.ceen.unomaha.edu/TekBots/SPIRIa&d) include the following
components of the curriculum and its support eftort

Teacher Lessons and Lesson ldea&:large number of edited, refined, and tested
teacher lessons (260 as of December, 2011) haveposted to the SPIRIT website and
the related cyberinfrastructure database. A tiftakarly 100 other lessons are in
various states of development for eventual postamgsfurther refinement. Teachers
also use the website as a place to share ideasxahdnge evolving lesson prototypes.

Technical Tutorials and Video clips: The project is generating an extensive number of
technical tutorials (print and video) that helpdeers to build and test their CEENBOT.
These tutorials are both interactive on the webyelsas available by downloadable
PDF.

Lesson and Teacher ResourcesA variety of lesson resources such as an "Engimge
Notebook", “Robot Games”, and other resources, sisch list of “Misconceptions in
Science” are being created and posted by SPIREh&za as possible prototypes for use
by other teachers.

Evaluation Instruments: A growing set of evaluation instruments have beeated to
look at teacher and student change as relate@itoSMEM knowledge, skills, and
attitudes. Student assessment development hasibdertaken collaboratively with the
4-H Robotics and GIS/GPS project, as mentionedegar!

Reports, Articles, and PresentationsThe many outreach presentations for the SPIRIT
project, as well as selected reports, article menmuts, and other overview documents
are also posted on the SPIRIT website.

Book in Press: Robotics in K-12 Education The SPIRIT project staff have also
worked on a book due to be published in early 2@l&ted to robotics in K-12
education. The book was edited by Drs. Bradle&arGwen Nugent, Neal
Grandgenett, and Viacheslav I. Adamchuk, and @sra gffort between the 4-H
Robotics / GearTech 21 team and the SPIRIT té&whotics in K-12 Education: A New
Technology for Learninfpcuses on the use of educational robotics toutéita science,
technology, engineering and mathematics (STEMiegrin K-12 formal and informal
educational environments. The book provides a gansiof existing educational
robotics research including: a) theoretical baseifing educational robotics for STEM
education, b) effectiveness in STEM education aondpting positive attitudes towards
STEM, and c) promoting a research agenda to mavédld forward. The innovative
programs discussed target both formal and infoteahing environments, as well as
robotic competitions. The book contract was reegifrom IGI Global (www.igi-
global.com) and is in press, for publication inlg2012
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3. Internet Site(s):

As mentioned in other report sections, the SPIRtDject has generated a system of
websites with a great number of archival documédessons, instruments, and movie clips.
Here are a few of the key website URLS:

Curriculum Information
SPIRIT Education Components of the Website:
http://www.ceen.unomaha.edu/TekBots/SPIRIT2/

General Project Information ’
SPIRIT General Website: GEENBoT  TokBot e
http://www.ceen.unomaha.edu/TekBots/

Cyberinfrastructure I nformation
SPIRIT Cyberinfrastructure Prototype:
http://spirit.unomaha.edu/

Videoclip Sample Information
SPIRIT Video Clip Sample (sample / others on website)
http://www.ceen.unomaha.edu/TekBots/Shared/Videaotron07/

Contributions

1. Contributions within the principal discipline(s) of the project:

As of December, 2011, the SPIRIT project continoesggressively pursue
sustainability and expansion, and is dedicateddwig@ing a solid contribution to the
discipline(s) of STEM Education. The contributiasfghe project to date are essentially
the following.

Contribution 1: The project has conceptualizedstinecture of an educational
robotics “touch point” curriculum for middle schedhat will enhance the student
learning of STEM concepts using a flexible CEENBobotics platform. A total
of more than 260 lessons have been developeddeditd posted, and are now in
final form. A total of 100 more lessons are inigas stages of development.
Some of these lessons can also be modified fultiherse in an elementary or
high school classroom as well.

Contribution 2: The project has continued an edanat research agenda to help
determine the instructional effectiveness of tlesdms in an extended
development process, using peer editing, experwg\pilot testing, and field-
testing strategies. The individual lesson pilstitey process is fully underway,
and some initial field-testing is also being undken. Pilot testing and field
testing efforts will be expanded during 2011, wadiected schools. Pilot testing
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and field-testing of the evolving SPIRIT curriculusceived IRB approval in
2009, and is continuing in compliance with thatrappl process. The project has
also collaborated on a book to be published in 26hfitled“Robotics in K-12
Education: A New Technology for Learning$ facilitated by IGI Global.

Contribution 3: The project has collaborated vattother NSF project (4-H
Robotics and GPS/GIS / GearTech 21) to contribmtegeries of interactive and
focused assessments to help teachers determineSWRM concepts students are
learning and their resultant attitudes. The varieersions of several of these
instruments have already been developed and vadid&ew instruments
continue to be worked on and refined, with morent$fin 2012 planned.

Contribution 4: The project has extended the oalyirekBot learning platform
into a newly developed and much more powerful dexidle CEENBOT
educational robotics platform for use with the sutum, including detailed
technical enhancements, hardware tutorials, soégardelines, a GPI interface,
a graphical calculator interface, an applicatioogpamming interface, and a
flexible hardware and software system that perorgative enhancements by a
student or teacher.

Contribution 5: The project has created an inneeatyberinfrastructure support
environment that includes a flexible sequencintgs$ons, student and teacher
support materials, assessments, technical infoomaaind technical tutorials.
Progress has continued in the development of éaisnically challenging
interface, and the cyberinfrastructure continudset@xpanded and refined.
Recent innovations in the cyberinfrastructure idelthe use of released
standardized test questions, that are being mappeach of the STEM content
topics.

Contribution 6: The project has conceptualizedaaher training strategy that can
be scaled nationally, where local community coledecal educational service
units, and university computer electronics and megiing departments, might
assist with technical aspects of robotics constvactvhile the corresponding
educational training is offered via distance edocator in local colleges of
education. An online graduate course has beegmEsiand is continuing to be
refined to help teachers to more efficiently learmse educational robotics in the
instruction of their STEM disciplines.

Contribution 7: The SPIRIT project has continuegtoduce and publish articles
related to the use of robotics and educationalnelcyy in the systematic
instruction of science, technology, engineering aradhematics. A mix of
articles have been published that involve boththkeretical base, results of the
project itself, and implications for teachers, adl\as educators in other
environments, such as after-school programs andn&urmeamps. Some articles
have been published in collaboration with the 4-¢b&ics and GIS/GPS Project,
as well as other theoretical researchers, suchths &€ollege of William and
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Mary. As mentioned earlier, an educational rotohbiook is also in press for
release in early 2012.

Contribution 8: The project has successfully ingtha non-profit, university
start-up business to produce and service the CEENiBat is called CEENBoOT
INC. This commercial element of the SPIRIT effwes needed in order to
supply teachers and schools with the needed rdtwotseir classroom on a
continual basis, and to service the robots as rkedkis university startup
company, CEENBOT INC., successfully competed foFNEBIR Phase |

funding, and was awarded $150,000 of startup falwlsig 2010. This new
production company effort (as a funded universigytsup company) also
represents a new model of blending university amgirtess approaches, to better
support teachers and schools in their use of edunatrobots.

The project is continuing to routinely undertakional conference presentations
and papers. Professional engineering conferemeesso being included in the
dissemination of the SPIRIT curriculum strategied project results. The SPIRIT
project has already made presentations at meatirtge International Technology and
Engineering Educators Association (ITEEA), the Aicean Evaluation Association
(AEA), the Advanced Technologies in Education (AT&hference, the Association of
Mathematics Teacher Educator's (AMTE) conferen@ei&y for Information
Technology and Teacher Education (SITE) confereAoegrican Educational Research
Association (AERA) conference, and the Associatmrthe Advancement of Computing
in Education Educational Media conference (Ed-Mgdiad the High Impact
Technology Exchange Conference (HI-TEC).

As of December 2011, the SPIRIT project has alssessfully established a
systematic teacher professional development modehiddle school teachers. Middle
schools, high schools and community colleges imlnestates are also now showing an
interest in further collaborations for extending thodel. In particular, educational
institutions within the three additional stateda#a, North Dakota, and South Dakota
have began to participate in the program and aapsxssion is planned for a four-state
Working Connections Conference. This interestgadicipation may eventually result
in having more states host educational robotickstmps for teachers, particularly at a
community college in the area. The SPIRIT projeatlership has also been in close
contact with the Midwest Center for Information Tieology (funded by the NSF
Advanced Technologies in Education program), wimctudes ten leading community
colleges in a four-state region (Nebraska, lowaitls®akota and North Dakota). These
discussions are continuing, and we are excitedtadqanding steadily into other states,
and other levels of formal education, such as @mersunity college level. In addition,
several community colleges are also becoming istedein working closely with our
SPIRIT project for undertaking their own educatioméotics initiatives. We even
assisted Central Community College in Nebraskariting a NSF Advanced
Technology in Education (ATE) proposal that wascessfully funded, and that now
includes educational robotics and lesson developawivities on site at that community
college, and that uses our lesson cyberinfrastrecctu
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2. Contributions to other disciplines of sciencerad engineering:

Continuing in 2012, the information technology tethactivities of the SPIRIT
Project have the potential to further initiate r&vategies for the use of the
cyberinfrastructure in the delivery of disciplirdated content information via the
Internet. This would include fields such as Englidistory and Literature. The SPIRIT
project is striving for a high quality, inexpensjvexible, and cyberinfrastructure-
supported educational robotics curriculum thaticamrn help scaffold student thinking
and promote the curiosity needed for sustainediipgas described irlow People
Learnby the National Research Council (1999). We aoeigh of our progress toward
this challenging goal, and that the many demonstratof our cyberinfrastructure at
national conferences and at teacher presentatenrestieen generally well received.

The educational robotics curriculum will permiathers to choose their level of
classroom engagement in the construction of theNlH€EH', with options ranging from a
bag of parts to fully completed robots. By the eh@012, we anticipate a fully
developed series of curriculum lessons and unitg;lwwill include various instructional
components, such as assessments and student ssipgetd. The lessons are being
steadily completed and indexed, building an Inteaoeessible database system in which
teachers can tailor and personalize their own aulum enhancements. Teachers can
choose from a set of web forms that ask for releparameters, such as grade levels,
content topics, or desired mathematics and scistacelards, to assist the database in
generating the tailored curriculum sequence. Theaum generated can then be
printed or stored by a teacher for later use. bhtamh to the curriculum, a software-based
“On-Call Technician” is in development, and willemtually provide classrooms with an
interactive method for diagnosing potential prokdemith their robots.

In further support of the SPIRIT project and thetainability of this educational
robotics initiative, the Computer and ElectronicgyiBeering faculty are establishing a
new research program in educational robotics withéndepartment that could eventually
establish it as a national center for educatioolabtics research and development.
Designing advanced uses of graphing calculatorsarait phones as a robot control
device is just a couple of examples of a very $EeSPIRIT application that is already
being undertaken by such a new research and deweldpeffort. Another example
might be the creation of the CEENBOT avatar for paters to teach programming
concepts or gaming/logic to solve maze and resqu@aems (like finding a lost
astronaut within a battery resource limit. Thisa@ch will use a K-20 context that
would involve Ph.D. students looking at optimal tohand gaming theory. Connections
to artificial intelligence, stereoscopic visionpgimity sensors, on board sonar and high-
level digital signal processing, would all be tapibat would be potentially considered
by the researchers, as well as other topics natigetified.

The SPIRIT effort has led to some excellent unitygdsvel engineering
contributions, as well as our K12 education effonentioned previously. The
CEENBOT is currently being used in university legaljineering coursework at the Peter
Kiewit institute, providing a nice synergy betwaamversity and K12 education. For
example, the CEENBOT is used in a Computer andifoleics Engineering
Fundamentals course (CEEN 1030). This is thedinstergraduate engineering course
taken by students in the first semester of thestiman year. As a part of a lab
component, students receive the CEENBOT in kit fdvare circuit boards, electronic
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components, mechanical components, nuts, boltswscimotors, etc. Students solder
components onto the four circuit boards and assethiel mechanical parts to produce a
working robot. They also further use the CEENBoThe Microprocessor Applications
course (CEEN 1060). This further course studissrably language, microprocessor
system architecture, and C programming. As an el@aof an embedded system, the
CEENBOT is used to introduce system level C prognamg. Students also use their
assembly skills to construct a microcontroller P@B an LCD display. The
microcontroller is then programmed using the C legg for motor control and sensor
inputs. Other programming assignments introduceguzess and peripheral
initialization. In the Electrical Circuits | cour¢€EEN 2130), students are challenged to
design the circuitry required to disable CEENBoEmion when the lights in the lab are
extinguished. A second task is assigned to debggeircuitry necessary for the control
of DC servo-motors. Finally, in CEEN 2220 Electofiircuits I, university students
undertake a CEENBOT challenge of taking a desigdification to the prototype stage,
and examining device bias and switching charad¢teasid modeling, project
management topics, and fundamental control theory.

Some contributions are also being made to communitgge STEM instruction
in the context of the SPIRIT project. At Metrogaih Community College (MCC) in
Omaha, Nebraska, the CEENBOT is being used in ladgabra instruction. For
example, in a lesson focusing on graphing on th#e€ian coordinate system in MCC'’s
developmental Algebra course, the CEENBOT is useddrease the engagement of the
students and to connect algebra to real life agptins in robot navigation. Using a
remote controlled CEENBOT as an instructional platf, students drive on a rectangular
floor grid and discover various introductory contseguch as slope, that are covered in
the textbook and that are illustrated in robot nmogat. Topics covered in the algebra
and robot activity include: ordered (x,y) pairantercept and y-intercept, quadrant
designations (I, II, lll, & IV), algebraic slopend symmetry with respect to the axes and
origin. The community college instructors involMadhese robotics lessons have found
that the classroom treatment of straight linessloge is generally much more successful
when it follows the use of an introductory educadiorobotics exercise using the mobile
robot in this manner. Furthermore, the studenveosation in the course frequently
turns to the CEENBOT itself, how it was constructealw it operates, and the underlying
principles and concepts embodied in robotics iregan

On the College of Education side of the SPIRIT réfathe project educators have
initiated work to establish an online journal cdllEhe Journal for Science, Technology,
Engineering, and Mathematics for Classroom Teacltensll be a resource designed
primarily for classroom teachers with a goal ofatieg awareness, discussion, and the
sharing of innovative ideas for STEM Education.sTdinline journal will eventually
provide a nice educational and peer-reviewed vémueachers to contribute their
educational robotics ideas to the professionalditee.

In further support of the SPIRIT educational reskareeded for the sustainability
of the SPIRIT project, the University of Nebrask#@anaha College of Education has
established the Office of STEM Education, whichl witther support SPIRIT as one of
its key initiatives. The Office of STEM Educatiaras designed to facilitate a unified
and long-range effort on improving STEM educatiorprojects such as SPIRIT. The
STEM Office and its members are focused on mangasmwf STEM education that
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relate closely to SPIRIT, including improving teaclraining for STEM teachers,
increasing the number and diversity of STEM teaghamoviding innovative STEM
curriculum, and researching STEM interventions. phi#osophy of this office is to
particularly concentrate on supporting the educatioesearch needed to assist in
innovative STEM instruction and in supporting STEMchers. The SPIRIT project is an
excellent example of combining science, technoleggineering, and mathematics in the
school curriculum, and the UNO Office of STEM Eduima is excited about supporting
and sustaining the SPIRIT project on a long-tersidha

As the SPIRIT project expands its educational tiebcefforts during 2012, there
are expected to be significant long-range contiiimgtto science, technology,
engineering and mathematics education. Severahghes are becoming apparent at this
time for our potential long-range contributionsrsk our new evolving robotics platform
(the CEENBOT) will be a flexible, programmable ¢arious ways), inexpensive and
engaging teaching and learning platform. Secomdare developing the foundation of
an excellent “touch point” cyberinfrastructure-bésearriculum to be used with this
platform, including prototype lessons, teacher ueses and technical tutorials. Finally,
we are creating a professional development moddidiping teachers to learn about
educational robotics and its potential use in STEEMhing and learning.

3. Contributions to the development of human resages:

This SPIRIT project has been continually strivingcbntribute to the need for
encouraging more women and underrepresented nyirgratips to consider engineering
as a profession. Several training sessions in e&der training institute has been
dedicated to this topic, and we have initiated ubstons with teachers related to this
important national issue and the resultant poor. Bn§ineering enrollments, to help our
teachers become more aware of the gathering natstoam” in engineering education
and global competition.

We are also continuing to address minor human resathallenges in our
curriculum writing process, as we carefully undiegtaollaborative lesson writing within
the SPIRIT project. As described earlier in theorgpve employ current classroom
teachers to help write lesson drafts that supper&PIRIT curriculum. These practicing
teachers are a valuable human resource and webkanempressed with both their
creativity and energy. However, they are geneiakxperienced writers of a
professional level curriculum, and we are carefelijting and refining teacher lessons
and resources. Our lesson development and eghitoagss, representing a relatively
dynamic human resource model, is illustrated inréport appendix. To assist with
achieving as strong as lessons as possible f@RHRIT curriculum, the writing team
produces lessons around instructional (I's) comptse STEM categories that have
been previously developed and checked by a cotegant. The practicing teachers then
work from these core components, assisted by expetitulum writers. The SPIRIT
curriculum team continues to strive for educatianadellence in all products produced,
and only the most refined and promising lesson®dited, illustrated, and posted to the
system. Lessons are also posted to the SPIRITcalum in two different ways. The first
way is the “complete lesson” format where teaclearscome and download AEIOU
lessons as they are originally. The second way ike “interactive database” format. In
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this way, teachers can mix and match what compsrtbay feel would best meet their
individual curriculum needs.

To keep this extensive human resource effort ofingiSPIRIT lessons as
organized as possible we have established a les@opment and tracking system
online so that the SPIRIT leadership can see whaisdifferent lessons are in within
the curriculum development pipeline, as well astssons are being populated. This
human resource model related to teacher curricadevelopment is being prepared as a
manuscript to be submitted to a refereed journaii{sd.earning and Leading with
Technologyto help to document this successful model inpileéessional literature.

As the SPIRIT project continues to evolve, gromd axpand into 2012, we
believe that we are also developing an extended tdaxperienced teacher consultants
who have significant expertise in curriculum depsh®nt, as it relates to educational
robotics and the instruction of STEM concepts. BRRIT project team, and the many
collaborative partners that we have engaged, havverly become a valuable resource to
the curriculum writing process being undertakethia project, but will also eventually
become an important source of experience and es@eais we assist other educators
around the country, to benefit from the SPIRIT ¢tessand the related curricular
resources.

4. Contributions to the physical, institutional, or information resources

that form the infrastructure for research and educaion:

Continuing into 2012, the SPIRIT project is deyéhy curriculum-related
strategies to help map engineering activitiesaditional STEM coursework and the
needed STEM outcomes as identified by the pubhosis. The SPIRIT project has also
collaborated closely with the 4-H Robotics Projectefine several shared prototype
instruments to help quantify STEM related achieveinty students within an
engineering and educational robotics context. dincipated that school districts will be
able to use these instruments to help demonstiddSachievement for their students
when using selected educational robotics lessons.

The SPIRIT Project is developing a series of Ilassnd educational resources
(such as worksheets, teacher grading rubrics adenabps) that interested teachers can
use within their own classrooms, to help engageestts in educational robotics within
traditional mathematics and science classes. ThasSPIRIT educational robotics
lessons and lesson ideas can form a support steuctiuclassroom innovation, where
STEM connections can make concept learning moegasting and more realistic. A
sample SPIRIT lesson is included in the report adpe

Working closely with educational researchers héptnstitutions, such as lowa
State University and the College of William and WMahe SPIRIT project is also
contributing to cutting-edge educational reseamihdpundertaken related to Technology
Pedagogical Content Knowledge (TPACK). The usedaitational robotics to help
teachers to increase their TPACK, in both in-senand pre-service settings, is very
promising and the SPIRIT education team has alreadtributed to published articles in
this new educational research aredearning and Leading with Technolg@gs well as
theJournal for Mathematics Education Leadersbithe National Council of
Supervisors of Mathematics, and even contributeldagter in the TPACK Handbook,
published by the American Association of CollegasTeacher Education (AACTE).
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Other collaborative articles related to TPACK aIFHT have been published or
accepted for publication in journals suchRessearch Highlights in Technology and
Teacher EducatignJournal of Technology and Teacher Education, thedal for Youth
Developmentandthe Journal of Research on Technology Educatiod|ssues in
Undergraduate Mathematics Preparation of Schoolchess.

As described earlier, to support the use of edoatirobotics by teachers, the
SPIRIT project has also developed a universitytstarcompany to help produce,
distribute and support the CEENBOT. Mr. Dennis &g\a well-respected and well-
experienced engineer and businessman, has beemtgojpChief Technology Officer of
CEENBOT Inc. The company is producing CEENBOTE kdr teachers, and is seeking a
sole source provider agreement with the Universitiebraska to provide the
educational robots, add-on kits, and parts neddethe national sustainability of the
SPIRIT project. Additional personnel have beeairgd in the company to provide
engineering technical support, and to meet exiginogect orders as well as to streamline
procurement and manufacturing capabilities. A NSBFR Phase | grant was awarded in
late 2009/early 2010 and is assisting CEENBoOT iimds early formative stages. This
commercialization effort, was written into the SPIIRyrant proposal, and is in direct
support of SPIRIT sustainability, while also sugpwy university, K-12 schools, and
business partnerships, that we see as promisirthdarontinued and long-term support
of STEM education by the SPIRIT project.

5. Contributions to other aspects of public welfag beyond science and engineering,
such as commercial technology, the economy, cosfigient environmental
protection, or solutions to social problems.

As mentioned earlier, the SPIRIT project is depalg and refining various
lessons, delivery structures, assessment instrgnagidt protocols to help support and
investigate the impact of educational roboticsdesson student STEM achievement.
Continuing into 2012, there is also a focused éfiothin the curriculum development
process, by all involved, to help to ensure that@iEENBoT materials represent a
relatively “green” technology, and that these matsralso help students to understand
efficient and ethical energy use, as well as apjpatgways to get rid of electronics
waste materials, such as batteries. We are alsidsring various project development
ideas that might further connect with ethicallyp@ssible engineering.

The SPIRIT project is also now undertaking a nevdehof commercialization
that will permit a low cost engineering strategy imany schools that might not be able to
afford expensive robotics kits. Educational rob®ttan often be an expensive STEM
endeavor for many schools, and we hope that theNBBE will eventually be a very
cost-effective alternative for these schools ifythesh to have their students participate
in educational robotics activities. This “SPIRIT-ERBOT alternative” will help schools
to make their STEM coursework more affordable, bgeas to a low cost, engaging, and
flexible educational robotics platform, which alscludes a convenient curriculum
support structure. Thus, we hope to make the SPpRidject and the CEENBOT a useful
and cost-effective alternative for schools, wholmigot otherwise be able to have their
students participate in this exciting context fOlEM education.
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Objectives and Scope

1. Provide a brief summary of the work to be perfomed during the next year of
support if changed from the original proposal:
[No] Objectives and scope remain unchanged filmgrotiginal proposal.

Project Examples and lllustrations
A detailed appendix of SPIRIT project sampledss available. Further samples
of the project work can be found at http://www.cesowmaha.edu/TekBots/SPIRIT2/ or
requested.




S P I R I T 2 . O Report Appendix

SPIRIT 2.0 Work

Sampl es of

(December 2011)

| SPIRIT 2.0 Samples |
SSW 1. SPIRIT PrOfile ...ttt ettt e e e e e A-2
SSW 2. SPIRIT Pictures in ACHON .........ovt e A-3
SSW 3. SPIRIT ShOWCASE iN ACLON ... s sttt A-11
SSW 4. Nebraska Robotics Showcase Brochure............ccccvveeeiiiiiiiiiiiiiiieeeee. A-20
SSW 5. Comparison of TekBot and CEENBOT Information.............c.occcvvvvveeeeenn. A-28
SSW 6. Lesson Editing StrUCTUIE ...........ceeeeee oo
SSW 7. Sample SPIRIT 2.0 Lesson
SSW 8. Sample CEENBOT GaAIME .........ccc.... o s s e s e aas e e e s s aaaaaaaa e e e e e e aeeeans
SSW 9. SAMPIE TULOAI ...t
SSW 10. Sample Pages of Student Engineering Nokeboo..................ccceeeeinn, A-48
SSW 11. Spreadsheet of RODOtICS LESSON [0E8Suummmmmerrvrrrrrriinniiniiiniiiiiiiiininnnnnnns A-68
SSW 12. Investor's BUSINESS DallY ........oiooomiiiiiiiiieeeeeee e A-77
SSW 13. Engineering Nebraska ArtiCle .......ccoueeeieeeiiiieiiiiiiiccee e A-78
SSW 14. UNL ANNUAl REPOI .....cciiiiiiiiiiet ettt eeeee e A-80
SSW 15. Columbus Telegram ArtiCIe ..........cccceemiiiiieieeeee e A-82
SSW 16. Dream It Do It Brochure Featuring CEENBQT..........cccccoviiiiiiiiiiiiiieeeee, A-84

SPIRIT/Gear Tech 21 Robotics Collabor ative Assessments

SSW 17. Teacher Professional Development SUMNEY............evvvevveiiieinenninnnnnnn. A-86
SSW 18. Teacher/Facilitator Pilot Test Feedback.................ccc. A-91
SSW 19. Student Feedback FOIM ... e e e A-92
SSW 20. Sample Robot Content Assessment QUESHIONS.............uvvveveriieriiinennnnnnnns A9
SSW 21. Sample 24Century Skills QUESHIONNAIE ...........c.coveeeerrerereeieeeereeeeieeeenene, A-97
SSW 22. Sample Interest QUESHIONNAIIE..........cceeiiiiiiiiiee e A-99
SSW 23. Longitudinal SUIVEY ........ccco oo A-102
SSW 24. Kuder Career Planning Survey Sample ...........ccoovveevieiiiniiiiiiieeeeee A-105
SSW 25. SPIRIT IRB Notification Letter ..o A-107
SSW 26. Sample Standardized Test Question Set...............ccevvivvviiviieeeieeeeee, A-108

SSW 27. Open Ended Big Ideas Content SUNVeY . ..ocoeeeeeeeeeeeeeeeeeeeeenenenenn . A<109

SPIRIT 2.0 Websites and Samples

SPIRIT Education Components: http://www.ceen.unomaha.edu/TekBots/SPIRIT2/

SPIRIT Cyberinfrastructure Prototypenttp://spirit.unomaha.edu/

SPIRIT General Website: http://www.ceen.unomaha.edu/TekBots/

SPIRIT Video Clip Sample: (sample / others on wehsi
http://www.ceen.unomaha.edu/TekBots/Shared/Videdsjptron07/




SPIRIT: Silicon Prairie Initiative for RoboticsinIT

UNO College of Education Core Team Members
Neal Grandgenett, Elliott Ostler, Bob Goeman, Neal
Topp, Paul Clark, JimWolfe, Bill Schnase, Steve
Hamer sky, Brian Sandal, Mel Mays, Lynn Spady,
Derrick Nero, Lisa Showalter

UNL College of Engineering Core Team Members
Bing Chen, Alisa Gilmore, Roger Sash, Herb Detloff,
Seve Eggerling, Ken Townsend

Website: http://www.ceen.unomaha.edu/TekBots/SPIRIT2

| The"Silicon Prairie Initiative for Roboticsin IT" (SPIRIT), a
collaboration between the University of Nebraska and area schools,
was athree-year Comprehensive NSF ITEST Project for Students
and Teachers, that has expanded into a NSF Discovery K12
Learning Project. SPIRIT targets science and mathematics teachers
- in grades 5-9, each of whom receives extended professional

devel opment and follow-up support in devel oping in-school
¥ curricular activities related to educational robotics. More than

""""" © == 12,000 students have participated through in-school and summer

programs. The centerpiece of the project isauniversity level CEENBoT (TM) learni ng platform that
has been adapted to the middle school level. This platform can be !(\%
used to demonstrate basic applicationsin wireless, video and signal
processing, sensors, video displays, eectronics, control systems,
embedded systems, digital logic and introductory programming. The
curriculum being developed in the project employs CEENBoTsas a
fundamental strategy for problem-based instructiona activities. It is
adaptable, expandable and cost-effective, providing learning
experiences that can extend into high school and college. Results are

being disseminated through publications and presentations, teacher k .ﬁ
workshops, displays prepared for school districts and collaborations with other universities using
robotics platforms. An interactive, dynamic website has been created with modules and tutorials,
uploadable programs, videoclips and links to research. As of Fall 2011, more than 300 teachers have
been trained in extended workshops and graduate courses and more than 250 Internet-based | essons
have been created. Teacher surveys and student assessments have documented significant teacher
growth in problem-based learning, robotics, electronics, and engineering design.




SSW 2. SPIRIT IN ACTION (PICTURES)

Students working with the engineering processto  Students displaying their engineering notebook
come up with a design to better the robot. drawings and plans.

Teachers learning how to use the electronics Teachers learning to drive their robots and having
equipment before they build the robot. a bit of an impromptu robotic Sumo competition.

h .l 1,'. B bl
Teachers working together on their robots. A teacher works on adding some resistors to a
circuit board.



Three students investigate how the Students investigate the formula for distance =
circumference of the wheel is related to the rate x time.
distance traveled.

Students investigate the relationship between Students investigate the formula for distance =
the circumference of the wheels and the distance rate x time.
traveled upon various wheel rotations.

Students exploring the capabilities of the CEENBOT in a series of testing trials.
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A student takes notes for future reference on the These students check the LCD for important
workings of the robot. data they have gathered.

A student manipulates a virtual CEENBoT
through an obstacle course.

This student is using a chain to see how much a The students construct a maze for the robots
weight a robot can pull with a pulley system. out of everyday materials.




———m,

A student examines angle of incidence options The CEENBoTs and drivers follow the path
for a CEENBoT bump course. through the maze.

- ] ey
A student tests advanced drive functions they A teacher examines GPS coordinates of CEENBoT

added to the CEENBoOT. locations with his students.

Instructors give detailed directions in the use of Dr. Mitchell shows students how to make a small
the CEENBOT to a group of teachers. robot work with lemon batteries.
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A student tests his driving abilites with the These students test each others driving skills and
CEENBoOT. learn the controls.

Other robots are used to test the skills of A group of students examine algebraic slope of a
students on momentum and force. stalling robot up a ramp.

.

These students are modifyiné their CEENBoT for A physics teacher helps students understand gear
an experiement. ratios.



tégeter with the CEENBoT ~ Teachers investigaté the new mechanical arm on
Commander programming interface. the CEENBoOT.

Teachers brainstorm on ideas for using the A couple of students investigate th gle-
CEENBOT in their classrooms. board CEENBoTSs.

CEENBoOT Parking Garage CEENBoOT Charging Station
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Cardstock prototype design for plastic shell of Front view of cardstock prototye design for
CEENBoOT. plastic shell of CEENBoT.

Cardstock design template for CEENBoOT plastic Modifying the rbot for the soccer and
shell.

e 3 ‘
Programming the robot with the CEENBoT Testing the robot programming.
Commander development environment.
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Robot programming challenge illustrated a
modular design approach.

A robot modified to carry a video camera phone. A soccer challenge stressed modification of the
robot.

Shield modification used during the summer field
test.
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SSW 3. Summary of 2011’s SPIRIT Robotics Showcase:

v The SPIRIT Robotics Showcase is featured as part of the newly
created Nebraska Robotics Expo which also includes the First
LEGO League Competition

v" Over 300 students from grades K-12
%) attended our Showcase event on
W Saturday, February 19", 2011 at the

; Strategic Air and Space Museum in
Ashland, NE along with teachers and
many parents

v 60 teams from 24 schools participated
in this third annual event

3 %) damy
HF
B Uit

FS— v’ Sponsors included NSF, OPPD,

epbraska Governor - - .

Dave Heineman gives Lockheed Martin, Avionics Interface
opening remarks Technologies, Union Pacific, Raytheon
and NASA Space Grant

v’ Presentations and
demonstrations were conducted
by Lockheed Martin, UNMC,
CEENBoOT, INC, Avionics Interface
Technologies, Raytheon and
Central Community College and
proved to be a great success and
very popular with students,
teachers and parents

v The Game Booths area included
six different robotics activities

Student wins the Ball Course arena
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from programming to CEENBoT Tae Kwon Do and was
enormously popular among the whole Expo crowd

v News coverage by many eastern Nebraska news outlets

v" |EEE student organization contributed to building road courses
and manning the snack booth

v~ All students received t-shirts

v" All participating schools received CEENBoTSs, thus infusing their
classrooms with new materials related to engineering with the
continuing promise of exposure to more K-12 aged students

v" An audience poll resulted in ALL students responding with
excitement and enthusiasm about engineering

v CEEN freshman seminar students served as judges and guides
providing them with a service learning experience

v" All the events were well synchronized and went off without a
single hitch thanks to our organizer, Rita Corell

A-12



Plans for Nebraska Robotics Expo 2012:

» Due to the success of the previous three years, organization is
underway for 2012

» Feature a new Creative Visual Arts Expo for K-12 art students,
providing them with an opportunity to lay down their own
future visions/concepts in the world of robotics

» Feature other new (and updated) events and more complex
learning activities available due to developmental advances on
the CEENBoT

» Update robotics learning stations (Game Booths area) for
hands-on instruction and student discovery

» Additional schools will be added to the Showcase to expose
greater numbers of students to the promise of engineering as
a career destination

» Increase the number of corporations providing presentations
on their technology as an outreach to the community

» Continue the infusion of engineering tools into more
classrooms until there is a continuity of exposure throughout
the K-12 period

» Utilize the Showcase as an opportunity for teachers to share
their classroom materials related to engineering with one
another and to interact with industry sponsors to enhance
their understanding of engineering design and philosophy

A-13



SPIRIT Robotics Showcase 2011 Photos

iy
- \'llll.'\l\

A team (middle-background) assists their teammate during a “blind driving”
competition with the CEENBoT
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SPIRIT Robotics Showcase 2011 Photos

2 e =

CEENBoT Bowling Game Booth (left) and CEENBoT Tae Kwon Do (right)

Volunteering CEEN Seminar undergraduates for the CEENBoT Showcase with Nebraska
Governor Dave Heineman.
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Student team drives their TekBot® through the Ball Arena.

G O Ll i Tl

Students take turns with Jason Harper's "Mars Volta" remote controlled riding robot.

6

SPIRIT Robotics Showcase 2010 Photos
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Student navigates her team's CEENBoT through the Road Course electronic "minefield" (left).

Artist Dan Wondra was on hand to do caricature sketches of participants (right).

Pamela Galus and students from Lothrop Elementary with Gov. Dave Heineman

7

A-17



SPIRIT Robotics Showcase 2009 Photos

% .

The Tera Heights all-girls TekBot® team navigates the road-obstacle course.

8
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SPIRIT Robotics Showcase 2009 Photo

: ! 3.7 :
The Benson High School CEENBoT™ team pilots the ball maze wirelessly.

9
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Welcorne to Nebraska Robotics Expo

The Expo represzents a collaborative sffort bebween
the SPIRIT Project GEAR-Tech-21 4-H ¥outh Devel-
oprment project, and FIRST® LEGC® League to cre
ate an outstanding robotics competition for about
1000 of our local and greater Mebraska area
youth. A= you cheer on our future scientists and en-
gifeers, we encourage you to visit the CEENBoT™
Showcase, FIRST LEGO League events, sponsor
booths, and mus=eum exhibits.

The CEEMBoT Robotics program is featuring a
terrific new robot this year, called the 324 CEEN-
BoT. which makes its debut in the showcaze today.
The robot has a totally new and enhanced platform,
featuring multiple autonomous programming
options that include a Tl Graphic Caloculator Inter-
face, a Graphical Programming Interface fGPI] and
programming in the C language with an Application
Programming Interface [API]

Public Invited to Play
A special feature of the showcaze this year is the
CEEMBoT Garmes, open to the general public, in-
cluding kids of all ages! We have several booths =et
up for anyone to explore the new 324 CEENBOT.
Come play CEENBOT Tae Kwon Do, Bowling, Oriv-
ing a Maze, Bumpbot Mode, Precizion Oriving and
GFLATI Programming Challenge.

About CEENBoT Rohotics
The CEEMNBoT Robotice program has ts roots in
the SPIRIT program, which stands= far the Silicon
Frairie Initiative for Hobotics in Information Teach-
nology. The SPIRIT program was funded by the
Mational Science Foundation and has provided the
instructional foundation needed to help teachers
u=e educational robotics to teach important =ci-
ence, technology, engineering, and mathematics
concepts. The current CEENBoT Hobctics program
combines the technical expertize of engineering
professors and staff in the University of Mebraska-
Linzoln Oepartment of Computer and Electronics
Engineering with the educational expertize of pro-
fes=ors and =taff in the College of Education at the
University of Mebraska at Omaha.

The collaboration is developing a national robot
ics curriculum for middle schools.

The CEENBoT Show case

The Mebraska Robotics Expo marks the third
seaszon for the CEENEoT Showcaze. With over B0
team s participating this year, we have doubled the
teachers and =tudents from last year's event.

3
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About the SPIRIT Program

Through the initial funding for the SPIRIT
program more than 250 teachers have been
trained in NSF extended workshops and gradu-
ate courses and more than 180 Inte met-based
lesson plans have been created. Teacher sur-
veys and student assessments have document-
ed significant growth in problem-based leaming,
robotics, electronics, and engineering design.

Educators are encouraged to check out the
extensive SPIRIT website at the following URL
and to join us: www.ceen.unomaha.edu, Tek-
Bots,/SFIRIT2

There are 62 teams participating in the show-
case this year, from area schools. The schools
competing in the showcase this year are listed

at the right.
» B\
I B B B EEmNEB
4

CEENBoT Teams

School

Mary Our Queen

Swanson,/Rockbrook
Guardian Angels
Trinity Christian
Lothrop

Gross
Dakdale
Trinity Christian

Hillside
LaVista Jr High

Millard Morth

Sunset Hills
Lewis & Clark Middle

Hartman

Loveland & Prairie Lane
Prairie Lane
Loveland

Bennington Jr-5r high
Bennington Jr-5r high
Columbwus High
Westside High

Westside Middle
5t Columbkille

Tara Heights

Westside Middle
Beadle

Trinity Christian

s

Elementary
Midde School
Midde School
Midde Schoal
Midde School
Elementary
Midde School
Elermentary
Elementary
Elementary
Elementary
Elementary
Elementary
High School
Elementary
Elermentary
Elementary
Elementary
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
Elementary
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
Elementary
Elementary
Elementary
Elementary
MWidde School
MWidde School
MWidde School
MWidde School

MWidde School
High School
High School
High School
High School
High School
High School
High School
High School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School
MWidde School

Team Name

Tearn BlackOps
Team B9

Spicy Buffalos

Super Birls

FPower Puffs
Electronic Biminators
Bluejays

TGS Androids

Super Sciertists
Soience Superstars
BTR

Extreme Experts
Future Engineers
Irrational

Team Virus

TGS Rovers

TGS Transformers
Cyborgs

LV JH Maoble Brotherhood
LVJH Merd Herd
MINMES #1

MNMS #2

MNMS #3

=35 Brainiacs

Blazer A

Blazer B

Blazer C

Blazer O

Blazer E

Blazer F

Alpha

Bravo

Charlie

The Creators

Purple Minja Penguins
Power Puffs

Super Hippo Earthguakes
The Flying Rainbow Ostrich
Geek Sguad
Badgerbots

Badger Blue

Car Ramrod
Wiestside HZ-1
Westside HS-2
Westside H3-3
Westside HS-4
Wiestside H3-O
Wiestside HS-H
WS WV arriors

Tara Tigers 1
Tara Tigers 2
Tara Tigers 2
WWMS Wifarriors
Bulldogs Alpha
Bulldogs Beta
Bulldogs Zeta
TGS 1

TGS 2

TGS 3
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STRATEGIC

AIR & SPACE

MUSEUM

MISSILES HANGING IN PLANE FOOD:

© TOMCAT @ MACE

T

OFFICES

MUSEUM
STORE
Upper Level

|| TRAVELING

GALLERY 2

THEATER
Lower Level

TRAVELING
GALLERY 1

AIRCRAFT HANGING
IN HANGAR B:

H-19B Helicopter

&=

CH-21B Helicopter

I—
CLAYTON ANDERSON

EXHIBIT

SAC/GEN. LEMAY CcoLD
HISTORY WARRIORS
DISPLAY
VIET NAM
MEMORIAL “
EXHIBIT

B-52 < CREATI

SEEMAN KOREAN
B-17 VETERANS
THEATER| | pispLay

LINEBACKER Il
DISPLAY

AIRCRAFT HANGING IN HANGAR A:

GG

Map Key

CEENBoT Showcase
Hangar A:

@ Practice Area

@ School Team Area
@ CEENBoT Games

@ Snack Area

6 Creativity Bots

@ Ball Course

o Driving Maze

e Team Driving Course
e Autonomous Maze
@ Awards Area

@ Robotics Displays
[on the Mezzanine)
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HARPER B-36
THEATER

CEENBoT

AV1dSIa
6Z-4

DOOLITTLE
RAIDERS
EXHIBI
]

MARTIN
BOMBER PLANT
DISPLAY

D F-84F

Schedule of Events

7:30 am
8:30 am
9:00 am
9:00 am
89:30 am
11:30 am
11:30 am
1:00 pm
1:30 pm
3:30 pm
4.00 pm
4.00 pm

Team Checkdn

Opening Ceremony [Atrium]

FLL events begin (Hangar B)

Jr. FLL Fair - Morning Session (Library)

CEENEQT Showcase events begin

Jr. FLL Award Ceremony - Morning Session (Library)
Lunch begins [Restoration Hangar)

Jr. FLL Fair - Afternoon Session [Library]

Lunch ends

Jr. FLL awards ceremony - Afternoon Session (Library)
FLL Closing Ceremony [Hangar B]

CEENEQT Showcase Closing Ceremony [Hangar A)

Educational Presentations In The Theater, Main Floor

8:00-10:.00

10:.00-10:45 AM

FIRST LEGO League
Hangar B:

@ FLL Robot Game Tables
@® FLL Practice Table

@ FLL Pit Tables

@ FLL Volunteer Area

@ FLL Judging Area

@ Lunch area

@ Jr. FLL Fair

@ Registration & Info Tables

@ Educational & Sponsor
Booths

10:45-11:15 AM

11:15-11:.45 PM
11:45-12:45PM

Time Warner Cable

Connect the Bots: An examination of how
robatics inspires young people to become the
problem solvers of tomorrow

Lockheed Martin

Robaotics Engineering Projects Overview

UNMC Biomedical Engineering

The Use Of Simulation In Robotic Surgical Training
Break

Time Warner Cable

Connect the Bots: An examination of how robotics
inspires young people to become the problem solvers
of tomorrow

12:45-1:15 PM  Break
1:15-2:00PM  Lockheed Martin
Robotics Engineering Projects Overview
2:00-2.30 PM - Avionics Interface Technologies
A Path For Local Students In Electronic Design
For Aerospace
2:30-3:00 PM  Raytheon

Engineering and Weather
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About the LEGO® Group

pary based in Billund, Denrmark, 1= one of the world's
lzading manufacturers of high guality, creatively
educational play materials for chidren. The com-
party 1s committed to the development of children's
creative and imaginative abilities, and its employees
are guided by the rmotto adopted in the 1930 by
founder Ole Kirk Ghristiansen: "Only the best 1= good
enough.” For more information. wsit waae LEE com.

LEED, MINDSTORMS and their respective logos
are registered trademarks of the LEGD Group.

Jr.FLL

Jr. FIAST® [ 2ague introduces younger children to
the exciting world of science and technology. This
program features a reabworld challenge to be
solved by research, critical thinking, construction,
tearmwork, and imagnation. Guided by adult coach-
gs, teams use LEED bricks to buld a model with a
rmotorized part and develop a coordinating postar
to illustrate their journey.

Children ages B to S get to:

* Design and build a challenge-related model
using LEED components

* Greate a Show-Me poster and practice presen-
tation skills

* Explore challenges facing today's scientists

* Discover real world math and science

+ Begin developing employment and life skills

+ Engage in team activines guided by FLL Gore
WValues

* Choose to participate in events and celebrations
coordinated by themselves or others in their
COFT M UnIEY

The LEGC® Group, & privatehyheld, family-owned com-

Ahout FIRST®

FIRST®[For Inspiration and Hecognition of Science
and Technologyl was founded in 1 983 by inventor
Hean Kamen to inspire young people's interest and
participaton in science and techrnology, Based in
Manchester, NH, FIRST i a 501[ c¥3) notfor-profit
public charity. FIRST is supported by a strong net
wiork of sponsors and wolurnteers.

FIRST provides the FIAST Pobotics Gompetition
IFREY and FIRST Tech Ghallenge [FTGYor students in
Grades 3-12 [ages 14-18), the AFARST LEED League
[FLLYfor Grades 4-8 [ages 3 to 141, and the Junior
FIRSTLEE] League [JrFLLYfor Grades K-3 [ages B
to 91 For more information, visit wwae usfirst org.

FIAST and it= logos are registered trademarks of
LS FIRST

FLL

Children are immersed in realworld science and
technology challenges as part of the FIRST LERD
League Prograrm. Teams bulld LEGD-based robots
and develop research projects. Through their par-
ticipation, children develop valuable [ife skills and dis-
cover exciting career possibilites while learning that
they can make a postie contribution to society,

Children ages 9 to 14* get to:

* Strateqize. design, build. program and test a
robot using LEGD MINOSTORPMS technology

* Greate innowvatiee solutions for challenges facing
today's sciertists as part of their resaarch project

« Apply realworld math and science concepts

* Develop employment and Ife skills including criti-
cal thinking. time management, collaboration,
and communication while becorming more self
confident

* Engage in team activties guided by FLL Gore
Values

* Becom e involved in their local and global com-
el gling

* Ghoose to participate in official tournameants
and local events coordinated by ther community

* ages Sto 16 outsidae the US and Canada.

A-25



FLL in Nebraska

The FLL Planning Committee
gives special thanks to Time War-
ner Cable for sponsoring FIEST
LEGO League, including awards,
audiovisual equipment and oper-
atiion, valunteer hospitality, and
volunteers.

We also thank all judges,
referees, coaches, and all adult
volunteers, You make FLL pos-
sible for Nebraska!

FLL Core Valves
e \We are a team.
We do the work to find solu-
tions with guidance from our
coaches and mentors,
¢ \We honor the spirit of friendly
competition.

* \What we discover is more
important than what we win.

¢ VWe share our experiences
with others.

¢ VWe display gracious profes-

sionalism in everything we do.

We have fun.

FIRST
BODY

L

FIRST LEGO League Teams

Roving Monarchs

674 RoboFalcons

Relentless Robots
Mechanical Medics

Gl Lego Geeks

West Harrison Brick Masters
Robaotics for the Cure
Roadrunners 2,0
Steve's Liver Lovers
Lego Adrenaline

Gear Heads

LegoC

Terminators

LLS.TY.

Montgomery County 4-H
Robot Dudes

The Fighting Firebirds

York County 4H: Green Dream Team

Rampaging Robots

Brain Stormers

The Cyber Swags

S.0.C.R. [South Omaha Club Robotics]
Psi Bots

Crazie Lego Monkeys

Boys & Girls Clubs of Council Blutts
Knights of the Square Table

The Pacemakers

Data Dragons

Morton Panther Pack - Red Team
Morton Panther Pack - Blue Team
Marauders

GearNutz

KCHS Robotics

Lewis Central Middle School Girls
Lego Maniacs

7 Guys and a Robot

AurornBot

Pink Flamingos

Shout Outs

Robomaniacs

Random Rudolphs

Parkview Robotics

Timpte Terminators

TOBOR

York County 4-H Team Red

I

Just Add Awesome

Flying Purple JPANS

Lego My Eggo

Clinton Elementary Girl Scout Team
Elliott Elementary Girl Scout Team
Aardbots

Robo Hobo's

Academy

Glenwood

Loup Basin Tech Kids on the Move
HTRS Titans

RaiderBots

Sheridan County Terminators

La Vista , NE
Omaha, NE
Omaha, NE
Ekhorn, ME
Omaha, NE
Mondamin, 14
Woodbine , [A
Lincoln, NE
Logan, 1A
Sergeant Bluff, A
Blair, NE

Blair, NE

Blair, NE

Blair, NE

Red Oak, 1A
Gretna, NE
Bellevue, NE
York, NE
Omaha, NE
Lincoln, NE
Omaha, NE
Omaha, NE
Omaha, NE
Carter Lake, 1A
Council Bluffs, 1A
Lincaoln, NE
Lincoln , NE
Omaha, NE
Omaha, NE
Omaha, NE
Plattsmouth, NE
Clay Center, NE
Kearney, NE
Council Bluffs, 1A
Omaha, NE
Papillion, NE
Aurora, NE
Lincaoln, NE
Lincoln, NE
Lincaoln, NE
Lincoln, NE
Linocin, NE
David Clty, NE
Kearney, NE
York, NE
Lincoln, NE
Lincoln, NE
Lincoln, NE
Clarinda, 1A
Lincoln, NE
Lincoln, NE
Lincaoln, NE
Crete, NE
Fremont, NE
Malvern, 14

Ord, NE
Pawnee City, NE
Mead, NE
Rushville, NE
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N UNIVERSITY § OF
ebtaska

Lincoln

Thank you Sponsors!.....

Nel UNIVERSITY IOF

Omaha

GEAR-TECH-2]

GEOSPATIAL AND RDBOTICS TECHNOLOGIES FOR THE 21" CENTURY

>

BOYS & GIRLS CLUBS

‘OF THE MIDLANDS

girls
inc.

OMAHA « CARTER LAKE = COUNCIL BLUFFS

Ve proudly thank our sponsors for their support of the 2011 Nebraska Robatics Expo. Your generous contributions make this

exciting competition possible and promote positive learning adventures for youth participants, leaders and fans.

PLATINUM SPONSORS

GOLD SPONSOR:!

($10,000 +) ($5,000 +)
Time
Warner
Cable-
($1,000 +)
LOCKHEED MARTIN
We never forget who we're working for®
PACIFIC o
‘n‘\\es |llle”a
T TR NN
BUILDING AMERICA Omaha Public Power District Technologies
BRONZE SPONSORS
($500 +)
Raytheon
The Robotics Expo Committee would also like to thank the Thank you!

following sponsors for dedicating their employees’ time
and energy through volunteering at today’s event.

Purple Ribbon Sponsor [200 hours]: Time Warmer Cable
Red Ribbon Sponsor [50 hours): Raytheon

The Nebraska Robotics Expo would like to
thank its hosts, the Nebraska Airand Space
Museum for the generous use of their
space, material resources, and terrific on-
going support from their staff in helping to
make this event a success.
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SSW 5. Comparison of CEENBoOT and TekBot Attributes

TekBot™ CEENBoT™

Attributes of the TekBot developed by Oregon Staté&niversity: 5" by 7” footprint
» DC motors with plastic gear train and foam wheels
» Compact design
» Add-on boards allow for USB data logging, a USBedidcamera, and other development
 Prototype board for use by college students at Bodgon State University and University of Nebragka
2007)

Attributes of the CEENBOT developed by the Universy of Nebraska (CEEN): 6” by 8” footprint
» High-quality stepper motors for precision control

« Full suspension for traversing uneven terrain

« Larger capacity, quick-change power supply

* Interchangeable rubber drive tires

* Remotely controllable using the popular Sony Plagi&h® controller

* Large prototype board for projects and more redéialinnectors

« Serial-to-peripheral interface (SPI) to allow commuation between multiple multiprocessors

« Amenable to K-16 educational space to meet neechuibiple levels

CEENBOT Features Under Development

* GPI and C++ interfaces

 Platform can accommodate GPS, laser diode, alemiatless controls, different microprocessor syste
on-board video camera, and a robotic arm

» Compatible with Microsoft Robotics Studio

 Available in a number of configurations from kitsdompleted modules
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SSW 7. SPIRIT 2.0 Lesson:
The Power Steering Is Out?!

Lesson Title: The Power Steering Is Out?!

Draft Date: July 17, 2008, 2008 piarerd
Author (Writer): Derrick A. Nero orey !
Instructional Topic: Mathematics, Slope
m =rise/runand m = (yo — y1) / (% — %)
Grade Level: Middle

Content (what is taught):

» Use of coordinate planes and points

* Application of the mathematical formula
m=(—W)/ (x—x%)orm=rise/run

* Measurement

.. = =

= A rondRi—
’éy)’ﬁ\w weslie s

. 3

Context (how it is taught): Y/ 2. T - - o "‘i
» Coordinate points are identified and recordc ¢ .
 The CEENBOT is driven from one coordinate poinatmther using the driving criteria,

Driving Citeria: Travel only horizontally or vertically and makelg one 90° turn.

Activity Description:

In this lesson, students investigate how the std@eline connecting two coordinate points is chdted.
Students will select “locations” on a coordinatar@ marked on the floor. Each student will record
his/her “location” as a coordinate point. Pairstfdents will be randomly selected to “travel” tweo
another’s “location” using the CEENBOT and tiirtving criteria. All students will record the horizontal
and vertical distances traveled by the CEENBOoT. §thdent pair will then travel in a straight pathinf
one “location” to the other and will measure théhpasing a meter stick. Finally, students will caéte
the slope of each pairing using the formma rise / runorm = (o — W) / (% — %).

Standards

Science Technology

Al, A2 A3

Engineering Mathematics

Al, Bl Al, A3, D1, D2, E1, E3
Materials List:

CEENBoOT Masking tape

Student Data Sheet Meter sticks
Notebook

[0 2009 Board of Regents University of Nebraska
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ASKING Questions (The Power Steering Is Out?!)

Summary:

Students determine the best route to travel fromlooation to another.

Outline:
Demonstrate the CEENBOT traveling on

Activity:

the coordip#éee that is marked on the floor.

Drive the CEENBOT from one location to the othengsmany 90° turns.
Driving Criteria: Drive the CEENBOT from one location to the otheingsonly one 90° turn.

The teacher wildemonstrate driving the CEENBOT on the coordingegfrom one location to
another. As students become interested, ask thestigns:

Questions

Answers

How many routes can be used to travel to eithe
location?

2rNumerous routes (with no constraints) can be
used to travel to either location.

How many routes can be used to travel to eithe
location, using thdriving criteria?

rTwo routes (with the second being the opposité
the first) can be used to travel to either location
using thedriving criteria.

> of

What is the quickest route from one location to
the other?

A straight path is the quickest route from one
location to the other.

— =T

9

L 14

[0 2009 Board of Regents University of Nebras
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EXPLORING Concepts (The Power Steering Is Out?!)

Summary:
Students investigate the relationship between ¢hizdntal, vertical, and diagonal distances tradele
from one point to another, and describe the sl@te@éden points using rise and run.

Outline:
» Students will drive the CEENBOT on a coordinatenpléhat is marked on the floor.
» Student pairs will drive the CEENBOT from one lacatto another using only 90° turns.
» Driving Criteria: Drive the CEENBOT from one location to the otheingsonly one 90° turn.
» Student pairs will drive the CEENBOT from one lacatto another using the driving criteria..
» Students will predict the number of units from gharting location to the 90-degree turn (Run).
» Students will predict the number of units from #tedegree turn to the ending location (Rise).
» Students will predict the straight path distancgrfrone location to the other (Distance).

<— Runi-) <+
————— ) |_OCatiON 1
a1

—Rise (+) -

T .
T

2
i 99¥

=
'L'.; n n n n n n

— Run (+] —=

~

Location 2

Activity:

In this lesson, students investigate how the std@eline connecting two coordinate points is visgl.
Students will select “locations” on a coordinatar@ marked on the floor. Each student will namé the
“location” as a coordinate point. Pairs of studemtsbe randomly selected to “travel” to one aratk
“location” using the CEENBOT and thiving criteria. Students will name the horizontal and vertical
distances traveled by the CEENBOT including thdtp@sand negative sign on the value. The student
pair will then travel in a straight path from ordecation” to the other, and will describe the digta and
features of the path and compare it to the patmwiseng thedriving criteria.

To provide formative assessments of the exploraisk yourself or your students these questions:
1. Did students consider the direction, thereforenbgative or positive sign of the value?
2. Did students predict the distances traveled talbatical between locations? both directions?
3. How did students predict the straight path distédrm® one location to the other (i.e., math
computation or estimate)?

[0 2009 Board of Regents University of Nebraska
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INSTRUCTING Concepts (The Power Steering Is Out?!)

Putting Slope in recognizable termsOther words for slope are: steepness, pitch, gaatge of
elevation, angle of inclination/declination, ansk overrun.

Putting Slope inConceptual terms: Slope is a relationship between two rates (reledésk) or a
comparison of two distances (remember that rgtesisadistancedivided by a measure of time, r = d/t):
the distance the bot travels in §hdirection varies (or changes) afaator (m) of the distance the bot
travels in thex direction. So, some numben) timesx gives usy. Therefore, m (dist. Of x) = (dist. Of
y). If we solve for the variable m by dividing hatides of the equation by (dist. Of x), we getlated
rate (slope). This is also calleide overrun.

Putting Slope inMathematical terms: We could also call the distance traveled inytlogrection the
changein distanceof y or the difference in thg-coordinate values of two points. We could cadl th
distance traveled in thedirection thechangein distanceof x or the difference in the-coordinate

A
values of the same two points. This gives us mfiba: M = A_y (difference in y values over the
X

difference in x values or, deljedivided by delta). When we get tealculus we simplify by saying,
_dy
dx
Putting Slope inProcess terms: Algebraic computation of slopem =" H . Provide examples of
X, = X
calculating slope between points. Be sure to ohelexamples and explanation of negative value slope

Putting Slope in Applicable terms:Randomly angle the bot, drive it for three secdnols a given
point, measure theertical andhorizontal components, and define the slope.

[0 2009 Board of Regents University of Nebraska
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ORGANIZING Learning (The Power Steering Is Out?!)

Summary:
Students investigate the relationship between ¢hizdntal, vertical, and diagonal distances tradele
from one point to another, and calculate the slggeveen points using the slope formula or riserand

Outline:
» Student pairs will drive the CEENBOT from one lacatto another using the driving criteria.
» Driving Criteria: Drive the CEENBOT from one location to the otheingsonly one 90° turn.
* Collect data as student pairs travel to one an@tharations
» Data includes the coordinate points, and horizdinted), vertical (rise), and diagonal distances.
» Fractions should be expressed in reduced form.

Activity:

In this lesson, students calculate the slope ofeadonnecting two coordinate points. Students sedléect
“locations” on a coordinate plane marked on therfl&cach student will record his/her “location”as
coordinate point. Pairs of students will be randpsdlected to “travel” to one another’s “location”
using the CEENBOT andriving criteria. All students will record the horizontal and vedli distances
traveled by the CEENBOT. The student pair will thievel in a straight path from one “location” teet
other and will measure the distance of the pathguaimeter stick. Finally, students will calcultte
slope of each pairing using the formute= rise / runorm = (y» — y) / (% — %).

Student Worksheet

[0 2009 Board of Regents University of Nebraska
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UNDERSTANDING Learning (The Power Steering Is Out?)

Summary:
Students write essays about the applicatiom efrise / runorm = (yo — W) / (% — X%).

Outline:
* Formative assessment questions asked during threrigaactivity about slope and its meaning.
* Summative assessment essay questions about skbjts application.

Activity:

Formative Assessment

As students are engaged in learning activitiesyaskself or your students these types of questions:
1. Were the students able to apply either fornialope?
2. Can students explain the meaning of slope?

Summative Assessment
Students will complete the following essay questiahout the distance-rate-time formula:
1. Calculate the slope of the line formed by the sttidehome and the local shopping mall.
2. Write a story involving the path of a rogue robetetmined to find its creator and how
detectives found it based on its known locations.
3. Describe how you can tell the positive or negatigkeie of slope by looking at the location of
two points on a coordinate plane.

Student Worksheet

i _ The Power Stecring Is Out  #h7%

[0 2009 Board of Regents University of Nebraska
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The Power Steering is Out?!
Student Data Sheet

Directions: Each student will select a “location” on the coaate plane. Record each location as an
ordered pair in the chart. Drive the robot frone docation to the other using one 90-degree angle.
Measure and record the horizontal and verticabdists traveled. Look at the example below the
picture.

A .
| Location 2

I
I
| Vertical Distance
I
I

' 90-degree
Location 1 Horizontal Distance angle
Student 1's Student 2’s Vertical Horizontal Diagonal Slope
Location Location Measurement | Measurement | Measurement Calculation
1,2 4,6 4 3 5 -
(1,2) (4, 6) —6 2:ﬂ=1.33
4-1 3
Your Turn!
Student 1's Student 2’s Vertical Horizontal Diagonal Slope
Location Location Measurement | Measurement | Measurement | Calculation

[0 2009 Board of Regents University of Nebraska
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The Power Steering Is Out “ gy

Essay Rubric

5 Points

4 Points

3 Points

Essay 1

Calculation of

The calculation of
slope is correct with

all work shown. The

work shown is
detailed and written
out step-by-step.

)

The calculation of
slope is correct.
Some or all of the
work is shown but i
not as detailed.

The calculation of
slope is incorrect.
Some (or no) work i
shown.

)

Slope
The story is detailed The story is The story lacks
£ 5 and includes somewhat detailed detail and includes
ssay mathematical and includes some little (or no)
vocabulary (slope, mathematical mathematical

Rogue Robot Story

rise, run, etc.)
throughout. The
calculations are
correct with all work
shown.

vocabulary The
calculations are
correct but the work
IS not as detailed.

vocabulary. The
calculations may or|
may not be correct
and the work is
incorrect or not
shown.

Essay 3

Positive and

Negative Slope

The explanation is
clear and uses
mathematical

vocabulary (slope,
rise, run, etc.)

Examples
(drawings) are
shown with a clear

explanation of each.

The explanation is
somewhat clear an(
includes some
mathematical
vocabulary.
Examples are
included, but may
not be as clearly
explained.

)

The explanation is
not clear and
includes little (or no)
mathematical
vocabulary.

Examples may be
included but are
incorrect and/or not
explained.

[0 2009 Board of Regents University of Nebraska
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SSW 8. Sample CEENBoT Game

Descriptive Game Name: BUMP BOT NAVIGATION
Author: Betsy Rall, Matt Bills, Jennifer Higgins, Brian diber

Game Brief Description: In this game, students will operate their CEENBoBump-Bot mode
through a course. The students will activate tms@es at the front of the CEENBOT to cause it to
change directions in order to successfully getughothe course.

Game Area Picture/Diagram and Materials: A CEENBOT course should be created on the floor
with tape and cones (or other obstacles). Theseosinould contain corners and curves that necessita
the turning of the CEENBOT.

» A CEENBOT for each competitor \l
* Cones and/or other obstacles

 Tape or other material that would provide anioetbf the course on the floor
 Stopwatch for timing the CEENBOT as it drivesaiingh the course. “
Rules:

1. Students will play in pairs. One person willivé’ while the other uses the stopwatch to timd an
keep track of penalties.

2. The ‘driver’ may use any part of his or her badwctivate the sensors at the front of the CEENBo
and cause it to change direction while travelinguigh the course.

3. Any redirection of the robot using anythingetthan the sensors will result in a 20 secondlpena
This penalty will be added to the total time.

4. Additional penalties can be decided upon begoiag through the course (i.e. If the CEENBoOT
knocks down an obstacle while going through thesmua certain number of seconds could be
added to the total time.)

Scoring:
Each student will complete the course using the IKEB®&T in Bump-Bot mode.

Game Suggestions:

1. Have each pair of students create a courseeahd tising a CEENBoTMake any necessary
modifications to the course before the competisitarts. For example, when students test the
course, they might find areas that need to be vedgeetc.

2. Let each student have a second-chance at tihngecand take the better time or an average of both
times.

L earning within the Game:

Students should gain some creative experienceeatiog a course. Students should also gain some
insight into geometry when directing the CEENB&tudents should gain an understanding of how
the CEENBoOT moves in Bump-Bot mode.

© 2009 Board of Regents University of Nebraska A-38



CEENBoT 324 Board
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The University of Nebraska — Lincoln Computer & Electronics Engineering

CEENBoT 324 Board
with only preloaded parts

uuuu

-

UNIVERSITY JOF THE PETER KIEWIT "A
Nebfas INSTITUTE .sava
TP

Sclence,

The University of Nebraska — Lincoln Computer & Electronics Engineering

CEENBoT 324 Board
Computer & Electronics Engineering

* If the Parts Map has not been printed, access
it here.

* Sort all of your components placing them on
the appropriate location on the Parts Map.

The University of Nebraska — Lincoln Computer & Electronics Engineering
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CEENBoT 324 Board
Computer & Electronics Engineering

* Assemble the circuit using the following step-
by-step directions.

The University of Nebraska — Lincoln Computer & Electronics Engineering

The University of Nebraska — Lincoln Computer & Electronics Engineering

CEENBoT 324 Board
Computer & Electronics Engineering

* Always wear safety glasses when soldering
and cutting component leads.

* Double check that you have the correct
component and that is oriented correctly — it
takes 15 seconds to check but 15 minutes to
fix a mistake.

The University of Nebraska — Lincoln Computer & Electronics Engineering
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i in- 4: 81, 83, 86, S6
Insert the switches. The pin-outs are 595”55'" ;

rectangular so there are two ways they £

can be oriented. Either way will work. m H;

The University of Nebraska — Lincoln Computer & Electronics Engineering

Insert the red LED. The longer lead 1: D2 Red LED
goes into the hole with the + symbol. If Long Lead Is +
you put it the other way, it won’t work. - —
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2: D3, D& Green LED
Long Lead is +
Insert the green LED’s. The longer lead "
goes into the hole with the + symbol. |

Long Lea I

ERR
RLRR

The University of Nebraska — Lincoln Computer & Electronics Engineering

Insert the 3 pin male header. The short end 4: J90 XS Miale Header -
of the leads goes into the board. Only
solder one pin. Check that it is seated
properly and solder the remaining pins. See
video Soldering Male Headers ' P
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5: J7 1x3 Male Header

Insert the five male headers. See the Solder SHORT end
next slide on how to keep them aligned :
while soldering. Solder the SHORT end. w -

The University of Nebraska — Lincoln Computer & Electronics Engineering

It is difficult to keep all pins parallel and vertical. Place a female
header (the instructor will have some) on the middle row of
pins. This will keep all pins aligned and you can use your finger
to make sure they are seated properly and are vertical.

is 3
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Insert and solder the male latched 4: J8, J8, J14, J16 4 Pin Male
connectors. The short end goes into I i
the circuit board. The white plastic lip MT panas
aligns with the stripe on the board. fiij i

" g,

The University of Nebraska — Lincoln Computer & Electronics Engineering

Insert the 20 pin male connector. 1:J3 Male Connector - 20 Pin
Make sure that it aligns with the

outline on the board, that the notch is “
toward the middle of the board and no PO . g

pins are bent under. outilne on board
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Solder the speaker. The lead marked + 12 LS1 Speaker
goes into the hole with the square pad. '
You may need to spread the leads a

little to make it fit. + Lead goes in square pad

The University of Nebraska — Lincoln Computer & Electronics Engineering

Inserting the DB9 connectors can be tricky.
Make sure all pins are all straight before
trying to insert them into the board. After
the component is inserted, double check
that none of the pins were bent over and
that they have all come through the board.

1: J11 DB@ Male
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2: J&, J&6 DBY Female

Insert the two DB9 female connectors w
using the same technique used for the ‘
male connector.

The University of Nebraska — Lincoln Computer & Electronics Engineering

Have the instructor check your completed board for any
obvious soldering mistakes. He will also apply power to test
it for proper operation.

von”

UNIVERSITY JOF THE PETER KIEWIT ~ »
Nebiaska INSTITUTE .e:a_\
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Engineering Notebook

First Name

Engineering Notebook
Number

Last Name

Your Picture
Here

Medical

Manufacturing
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Construction

Agricultural

Energy & Transportation
Power
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Communication




Rules

Be Safe
* Follow Lab Safety Rules
* Think before you act
* Hand objects — never throw
Be on Time
e Coming to class
* Handing in work
Follow Instructions
* Use the Social Skill by looking at the
person/task, saying o.k. and doing
the task immediately
* Keep Following Instructions the
entire class time

Cooperate
* Use appropriate voice levels
* Respect partners — share, take turns,
help, but do your own work
* Respect guests and guest teachers
* Be mature - monitor your own

behavior
* Use your Social Skills

—

)

gaer

(2]
~

Daily Instructions

Put belongings on shelf (zip trapper) and bring
Assignment Notebook (handbag).

Use restroom/get a drink/get forms signed, etc.
Read and follow instructions on message board.
Read make up work if you have been absent.
Pick up Engineering Notebook and immediately
follow message board instructions.

Sit down, put Name Badge on. If needed pick up
computer - if needed, carefully wash/put safety
glasses on (try to keep lenses scratch free).
Take inventory and report anything missing or
damaged items. Use tools and materials only for
the assignment — do not waste materials.

Sit with your knees under the workstation, facing
the center. If it is more than a step — get up and
walk.

Talk only with your workstation partner at a low
level.

Safety Rules

1) Wear safety glasses at all times while
using tools and equipment.

2) Keep all loose clothing and long hair tied
back.

3) Use tools, materials and equipment for
their designed purpose.

4) Do not talk to a person operating
equipment.

5) Keep your work area clean and clear.

~Safety is EVERYONES'’ responsibility~

Closure Instructions

Make Assignment Notebook entry.

Restart/shut down — push computer under shelf
or put away.

Return everything to its proper place.

Take inventory. Report any missing or damaged
items.

Brush workstation dust/etc. into waste can — wipe
down if needed.

Bookmark Engineering Notebook page with
Name Badge.

Sit with your knees under your workstation facing
the center and wait to be dismissed.

Partner/Group Reminders

*  When someone talks, the other(s) listen.

* Allow everyone time to talk.

* Use only positive voice tones and
comments — use your manners!

* Keep voices at low levels.

* Walk your chairs to the group area.

* Practice your Employability Skills. (see
back cover)

Lab Reminders
To ask a question, use call lights so you can
continue to work — on no call light days, a teacher
will come around.
Keep work area clean and clear. Keep computer
pushed under shelf when working on products.
When using computer nothing touches the screen
and only your fingers touch the keyboard. Move
computer by the base.
Use only your period drawer and keep your
hands off others’ work.
While waiting in line to use equipment, stand
three feet back — behind line — no more than two

people in line.
Sand and file over a waste can.
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Notes/Sketches/Questions/Thoughts

What is the Purpose of this Notebook?
This Engineering Notebook will be used to record your progress, ideas, notes, sketches
questions, and thoughts. It is your evidence of the work you have completed.

This notebook has all the information you need to be successful in class. It will be kept in the
classroom. If you need to take it home, you will need to

Why an Engineering Notebook?

Engineers use an Engineering Notebook to record ideas, inventions, experimentation records,
observations, and all work details. Careful attention to how they keep their Engineering
Notebook can have a positive impact on the patent outcome of a pending discovery, invention,
or innovation.

How do | keep an Engineering Notebook?
1. Write NEATLY - anyone should be able to read it.
2. Write down EVERYTHING AS IT HAPPENS.
e If it is not documented, it did not happen
* If you write it the next day, it did not happen.
3. Use BOTH sides of a page.

&

Date each entry in chronological order.
5. Clearly separate each day’s entry by drawing a line under the entry.

6. Entries should include enough information so someone else could successfully duplicate
your work.
* Label figures and sketches. Keep sketches up-to-date — make changes as they
happen.

* Use complete sentences — a complete sentence is a complete thought that begins
with capitalization and ends with a form of punctuation.

7. Draw a single line through any errors and enter the correct information nearby . . . itis
0.k. to erase sketches

8. Never leave blank spaces - simply “X” out any blank spots.

9. Never, under any circumstances, remove pages from your notebook.

10. If you add pages, tape or glue it onto a page in your notebook. Clearly label and date it.

Reading a Ruler
If you have not memorized what each line on the ruler measures, use the rulers below to help
you measure.

AN R A 1A N
1/16 | 3/16 | 5/16 | 7/16 | 9/16 |11/16 |13/16 | 15/16 1/16 | 3/16 | 5/16 | 7/16 | 9/16 |11/16 |13/16 | 15/16
1/8 3/8 5/8 7/18 1/8 3/8 5/8 7/18 1/8 3/8 5/8 7/8
1/4 3/4 1/4 3/4 1/4 3/4
1/2 12 12
8 Division Ruler 16 Division Ruler 32 Division Ruler
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Notes/Sketches/Questions/Thoughts

Date:
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Design Brief
Name Badge

Situation/Challenge

In work environments, people need to wear name badges. This may be for identity, security or
just so someone can call you by your name. In this class, you will change partners many times.
You will be required to wear a name badge, so we can learn each other’s names. This badge
will remain in the room and be stored in your Engineering Notebook.

Criteria and Constraints
* Follow the procedure to complete your name badge.
* You may only use the material and tools listed.

Tools, Materials, Equipment

* computer * laminating pouch

* printer * scissors

* laminator * badge clip
Procedure

Follow this procedure to make your name badge.
Identify the problem by re-reading the situation/challenge.
You will not be doing any Research for this situation/challenge.
The possible solutions have already been Developed for you.
The best solution was Selected for you.
Construct your name badge by following the steps below.
a. On the desktop of your computer open the name badge template. If it asks, click
on OPEN A COPY. It will look like the graphic below:

o0k wN

Next Page
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Begin with the area below the words “Your Picture Here.”

|
Click on the i‘ tool - click above the line and type your first name.
Click on this name and move it to the correct location.

Click the tool - now click on your name - make your first name as big as possible
but still fits on the line by changing the size of the text - under FORMAT

You may need to make your text box larger by clicking on one of the boxes and dragging it
out.

Move name close to the line.

Do the same for your last name.

Now do the other side of the name badge.

Type your three-digit Engineering Notebook number, change the text size and move it into
place.

Have your partner do the steps above.

Turn on call light (light switch located at your workstation) and have it checked.

. Print the document.

Cut out name badge and fold in half along “dashed” line.

Locate your picture and cut it out along the outside edge.

Return scissors and recycle paper waste in the blue recycle bins.

Open laminator pouch, place folded name badge - picture UP - towards punched hole.
Place picture (right side up) on top of picture box and carefully close the laminating pouch.
Place “closed side” of laminating pouch into laminator - push gently until the machine
rollers take the pouch - it will roll out the back.

Return to workstation and attach the badge clip to your laminated name badge.

7. Test and Evaluate as well as Communicate who you are by clipping your name badge on your
shirt. In this class we will wear our name badge where our heart is located.
8. You will not Redesign or Improve this product. Close your document without saving it.
9. Turn to page 2 in your Engineering notebook and draw a line under your last entry. Then, under
the line, enter today’s date.
10. CHOOSE either website below or do both.
a. Begin by opening up the Internet on your computer.
b. In your Engineering Notebook, after today’s date, practice sketching. Your sketches do
not have to be very big, but you want to be able to add details to it.
* Go to bruceblitz.com - select Cartooning Tips - start by selecting the past tip
CARTOON LION - sketch it using the steps. Now choose any of the tips and
sketch them.
* Practice basic sketching skills at:
http://web.mit.edu/2.009/www/resources/sketching Tutorials.html
When the page loads, begin by selecting one of the sketching skills. Follow along
with the video sketching in your Engineering Notebook. If you finish one go to
the next.
Assessment
This assignment will be recorded when it is completed correctly. You will receive and “X” to indicate you
completed it.

If the computers or printer are not working — a copy of this Design Brief will be provided and you will use the graphic in your Engineering
Notebook. Follow the Design brief through step 5 and substitute the paragraph below for steps 5a to 5m.

On the graphic, write your first and last name as large as possible on the lines. Do this on both sides of the name badge.
Then write your three-digit Engineering Notebook number on the line. Turn on your call light and have it checked. Now
go back to step 5n, and follow the procedure.
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Design Brief
Flat to 3D

Situation/Challenge

This challenge will help you understand how a flat, 2-Dimensional image can become a 3-Dimensional
object. It will also give you background information for solving future challenges. Your challenge is to
label a flat image and make it into a 3-Dimensional object.

Criteria & Constraints

Scissors may only be used for cutting the paper.
Use the handle of your scissors and go over the fold lines — this will give you nice creases. See
picture below on how to do this.

Use very little glue.
Recycle all paper scraps.
Complete this design brief by due date.

Tools, Materials, Equipment

Computer

Technology: Design and Applications textbook

Scissors — an extra pair of scissors for your partner are located at the Tools, Materials,
Equipment area in your zone

Pencil

Very little glue

Procedure

1.

2.

Identify the problem by re-reading the situation/challenge. In your Engineering Notebook,
restate the problem in your own words using a complete sentence.
Research —

a. From your Technology Textbook (index), look up the answer to this question — What is an
isometric drawing? Think . . . How can | put this answer this in my own words? Write
your answer in a complete sentence in your Engineering Notebook.

The possible solutions have already been Developed for you.

Select one of the “boxes” from the Appendix C section (C-1, C-2, C-3, C-4) of your Engineering
Notebook.

Construct your box by following the steps below . . .

a. Study the isometric (3D) and flat (2D) drawings

b. Label the views (top-front-side-right-left, etc.) on the isometric drawing

c. Label the views on the flat drawing — be sure to label the flaps

d. On the bottom view of the flat drawing, write your name and Engineering Notebook

number
Cut your box out of your Engineering Notebook along the dashed lines
Cut out your box along the solid lines

i)
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g.
h.

o

Fold and unfold along each dashed lines — use scissor handle to crease lines
Fold and shape the box to look like the isometric drawing
Using very little glue — glue flaps but do not glue the box shut

Test and Evaluate your box by comparing it to the criteria and constraints.

7. Communicate the solution by showing the folded box to your partner — point to and name each

of the sides.
8. You will not Redesign or improve this product.
9. When you are finished, in your Engineering Notebook, sketch a 3D object at your workstation.
10. Now sketch what it would like if it were flat.
11. Select another box and repeat steps 5 through 7.
12. You will now design your own box.

~oQo0oTp

S

J-

Think of a PRODUCT and how it could be packaged.

Write the name of your product in your Engineering Notebook.

Sketch 3 creative ideas as to how you would package this product.

From your sketches, select the most creative box and circle it.

Make a more detailed 3-Dimensional sketch of this box/package.

Now locate a piece of scrap paper and draw the same box/package flat — include flaps
and dashed lines for folding.

Cut out your box along the solid lines.

Fold and unfold along each dashed lines — use scissor handle to crease lines.
Fold and shape the box to look like the isometric drawing.

Using very little glue — glue flaps but do not glue the box shut.

13. Now look at other ways to turn Flat images into 3-Dimensional images. Type in one or both of
the following addresses:

a.

b.

http://www.papertoys.com/
http://cp.c-ij.com/english/3D-papercraft/index.html — click on Download to view

Look at all the 3D object you can make at home, or you could come in and print one after
school to make at home.
You might want to write these addresses in your Assignment Notebook.
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Cut out along dashed line
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Cut out along dashed line
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Design Process

Putting Together the Pieces
Directions: Engineers use the Design Process to solve problems. You too can
use this process to solve problems, situations and challenges. This activity will
help you learn the steps of the process and know happens during each step.

Remove this page by cutting along the dashed lines. Cut out the “half” circles.
Now, turn to Appendix D-2. With your partner, match the description on the “half’
circles to the correct circle in the Design Process. When you feel you have
matched the design process with the correct description, make double stick tape
and tape it in place.

Could it be
better? How?

prototype
model

use research
and creativity to
sketch/describe
several ideas

restate the
problem in your
own words

books — internet

datat_)ases
experiences

use creativity to
tell your solution

best solves the

_pro_blem - mee’gs
criteria & constraints

Does it solve the

problem/work?
Meet criteria?

Appendix D - 1
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DESIGN
BRIEF

Situation/

Criteria & Tools,

Challenge Constraints Mat_erials, Prt;;:ed;re
Read and Think Read Equipment ez
about it and Know Read an

And Know Do

DESIGN
PROCESS

Identify the
Need/Problem

Redesign
Improve

There is always more
than solution
to a problem.

Communicate
the Solution

Process is ongoing

Test and Evaluate
the Solution

Appendix D - 2

Research the
Need/Problem

Develop Possible
Solutions

Select
the Best Solution
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Engineering & Technology Notes

Why Study Engineering
and Technology?

Technological Literacy

Technological Device
YOUR EXAMPLE

Tech Device:

Problem it solves:

Problem it creates:

Technology is:

N\

Technology is . ..

Technological Device

Technology is developed
three different ways

Serendipity
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Engineering is . . .

Designis. ..

Design Process is . . .

Engineers use technology, science, design and the design process
to solve their
Situations/Challenges/Problems

Appendix E - 2
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Design Brief
Preduct of Techaelegy Pester

Name: Eng. Ntbk. # DUE:

Challenge/Situation

Inventions, Innovations, and Serendipities have satisfied our wants and needs. They have been
developed throughout time effecting our past, the present and some cases our future. Your
challenge is to create a poster about an existing product of technology using the criteria and
constraints below. EXAMPLES of posters can be found on the billboards in the lab.

Criteria/Constraints
1. This poster will be done entirely out of class time. You may come to the lab after school,
use the media center or you may do this at home.
Be on the FRONT of one 8.5” x 11” sheet of paper.
Organized - neat - shows effort. Looks like a poster not a report.
Have the name of the invention, innovation, or serendipity — see procedure below.
A picture/graphic of the invention, innovation, or serendipity.
State why it is an invention, innovation, or serendipity.
Who invented, innovated or discovered (serendipity) it.
When it was invented, innovated or discovered.
Based on your research, state an interesting fact about your invention, innovation, or
serendipity.
10. Cite the resource(s) used for your research. Give the entire Internet address or book
title, author, year published and page number.
11. This sheet attached lightly taped or stapled to back of poster:
12. Handed in by due date.

©CONOOA~WDN

Tools/Materials/Equipment
Books, computer, printer, markers/crayons/pencils, paper, scissors, glue, tape — whatever you
have around the house to be creative.

Procedure

1. ldentify the problem by re-reading the situation/challenge.

2. Research the problem by finding possible products of technology that match the
criteria/constraints — you may not use any of the examples given in class or food.
HINT: if you cannot find all the criteria/constraints, pick another product.

Develop possible solutions by making a list of possible products found in your research.
Select the product that best fits the criteria and constraints.

Construct your poster by using the criteria/constraints as a checklist.

Test and evaluate your poster by looking at your criteria/constraint. Put a check by the
number if you did that criteria/constraint.

Communicate the solution by handing in your poster after you do the next step.
Redesign or improve your poster by making any corrections to the poster to meet the
criteria/constraints you do not have a check beside.

ook w

© N

Assessment is based on following the criteria/constraints
Points earned

12=A 11=B 10=C 9=D 8 and below = not passing
Remember you can correct/do your work and hand it back in. FINAL DUE DATE: _
Correctedon: New Score Earned:
Appendix F
ppend. A-64



“A is worth a thousand words.”

A technical drawing includes
all the information needed to
make a product.

Technical
Drawings

We Study 2 Types of
Technical Drawings

The 3 Views

Length, Height, Width

N < X
nuon

. Scale:
Alphabet of Lines |
Proportion:
Object line
———————— Hidden line Stock:

- - Center line Object line:
| 21" A o Hidden line:
|- Dimension line

\ Center line:
(Dimension = Measurement)
Dimension:
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Isometric Graph Paper
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SSW 11: Robot General Lesson Ideas
As generated by SPIRIT teachers (October, 2008)

Context
Moving| TekBot Eng
TekBot| Const. Notebook Concept |Lesson Idea
If you can change the angle of direction of the TekBot,
1 Angles what do you have to do to stay within an obstacle
course? How about declination or inclination? (ramps)
How many degrees can the TekBot turn within a
1 Angles e
specific limited space?
1 Andles How does the TekBot handle ramp angles? Calculate
9 TekBot speed at different angles.
. Move TekBot in shapes and then solve for A or P, based
1 Area/Perimeter
on TekBot path measurements.
1 Area/Perimeter Studept moves robot to form shape with pregiven area
or perimeter.
1 Astronomy Compare TekBot to Mars Rover in its construction.
1 Astronomy Research Mars and moon robots
1 Astronomy Show how robots are used in space today.
. Move TekBot around flash cards and students answer
1 Basic Facts -
the question.
1 Basic Facts Put answers to math basic facts on floor. Partners drive
TekBot to answer the problem.
1 1 Batteries How batteries function in a TekBot
1 1 Batteries Measure how long different types of batteries last.
1 Batteries Use fully charged vs. not fully charged batteries to see
effect on TekBot performance.
1 Bridge Understanding the design of bridges and have TekBot
engineering traverse bridge.
1 Bridge Examine the weight limits of a bridge and test with a
Engineering TekBot moving across the bridge.
. Can you make a comparison chart of cell structures to
1 1 1 Cell Biology that of TekBot components?
. How do TekBot circuits compare with cell
1 Cell Biology L
communication?
Chemical How long will the battery go before depletion?
1 1 . .
Reaction Rechargeable versus disposable can connect to slope.
Chemical Observe batteries with different levels of charge and
1 . observe different reactions (movement of TekBot) How
Reaction
long does a battery type last?
. What happens when a resistor is overloaded? Also, how
Chemical -
1 1 . do capacitors work? (the metals used, etc.).
Reaction ;
Documentation of results of tests.
- How does the TekBot represent the equation V=IxR?
Circuit and ) . -
\ Also, find I = instead of V, etc., solving for each
Ohm's Law .
variable.
1 Circuits U_se c_IeS|gn process to solve problems related to
circuits.
1 Circuits Building a circuit o_ut o_f popsicle sticks and tin foil which
models a TekBot circuit.
1 Circuits Drawing open/closed circuits as they might exist on the

TekBots.
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Context
Moving| TekBot Eng
TekBot| Const. Notebook Concept ILesson Idea
. TekBots move around in circles and measure the
1 Circumference . .
circumference of those circles.
. Have the TekBot create several different type circles
1 Circumference . - .
with students outlining the circle.
. Using a shoebox full of wheels, how do different sizes
1 Circumference . .
impact TekBot motion?
Consumer Is a TekBot like a Honda or a Hummer? Compare
1 1 decision: Honda mass, force needed, etc. to make a consumer decision.
vs. Hummer Futuristic applications.
1 1 Coordinate Axis Graphing movement as TekBot moves on a large grid.
d=rxt . . .
Can you explain how different equations represent
1 Algebra -
. TekBot motion?
Equation
1 1 1 Decimals What is the force being applied by the TekBot?
1 1 Decimals Can you e>_<p|a|n how tl'_le TekBot is moving using
mathematics? Conversions, etc.
. How close can you measure TekBot movement? For
1 Decimals .
example, to the nearest centimeter, etc.
. If I was an engineer for this TekBot how much would it
1 Decimals S
cost to build it?
s .
1 Definition of Life Is the TekBot alive? Does it move, seek shelter, seek
food, etc.
) oo PR
1 Definition of Life mit defines life? Is the TekBot living? Why or why
. If you were to design a robot that made you breakfast,
1 1 1 Design what would it need to do?
1 Design Process Illustrating it as you complete and create TekBot
enhancements.
1 Design Process Design your own TekBot with a different purpose.
. Figure out how to improve TekBot and make
1 Design Process -
suggestions.
. . Can you explain your TekBot experiment? Your
Dialectic L .
1 objectives? Your mistakes? Have handout made to
Notebook
have students use layout for labs.
. Velcro a dinosaur on the TekBot. Create a game to
1 Dinosaur . . . .
review dinosaur information.
1 Dinosaurs Create mobile dinosaurs using the TekBot
Compare/contrast TekBots to computers (old and
1 Dinosaurs future), then to cars; things must evolve/become
better!
b ) _ . .
1 Division App!y r*t=d to find speed (r=d/t) when discussing
motion.
1 Division Use it to show differences in sizes and scale.
. How does the TekBot use resistors? How about
1 1 Electricity .
capacitors?
1 1 Electricity How does a particular circuit work on the TekBot?
. Your instructor has disabled your TekBot, how do you
1 Electricity ) .
find what is wrong?
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Moving| TekBot Eng
TekBot| Const. Notebook Concept |Lesson Idea
. Can you create a simple circuit using tinfoil, popsicle
1 Electricity sticks, LED, and battery?
Electricity/ What stops the flow of electricity? What happens when
1 Positive- you hook things up wrong in a particular part of the
Negative TekBot?
1 1 1 Engineering as Can you create a KWL chart to discuss the topic of
a Career engineering?
1 Engineering What types of things need to have an engineer design
Fields them?
1 1 1 Engineering Can you find a group solution to a particular TekBot
Problem Solving situation/task?
1 Following Can you give multistep directions to follow in moving
Directions the TekBot?
1 Force TekBot pushes things on different surfaces.
Experiment with adding weight to the TekBot and
1 Force
observe performance.
Show how different forces make it move differently,
1 Force .
and use vectors to illustrate the forces.
1 1 Formulas Can ygu explain TekBot spegd mathemat-lcally
(velocity)? Can you explain its acceleration?
1 Formulas Can you move the TekBot to show D = R x T ? How
about S = D/T?
1 1 Formulas Can you measuring friction using different surfaces?
1 Fractions Char)glng fractions to percentage in how far a TekBot is
moving on a path.
. Converting % to fractions and look at the percent
1 Fractions
grade of a ramp.
1 1 1 Friction Can you illustrate Newton's Laws with a TekBot?
1 1 Friction Can you calculate rate of ascent for varying inclines?
L Can you use different weights and surfaces to test
1 Friction L
friction?
Functlo.n of What qualifies something as a robot? Can they be
robots in " "
. made more "human"?
society
1 Geometric Can you create different geometric shapes by attaching
Shapes yarn to the TekBot and moving it around a grid?
1 1 1 Graphing ;Z:ir;?you represent TekBot movement on a coordinate
. Can you represent the various components of the
1 1 1 Graphing TekBot using a Venn Diagram?
1 Graphing Car? you show the results of TekBot speed/change
variables on a graph?
. Can you locate the positions of the TekBot based on
1 Graphing .
ordered pairs?
1 Graphing Can you set up a race track and graph distance vs.

time of the TekBot?
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Moving| TekBot Eng
TekBot| Const. Notebook Concept |Lesson Idea
Is it possible to move the TekBot in a truly straight
1 Graphing line? (add seconds for segments off the line). Graph
segments or average time to travel course.
Can you plot the diagonal distance of the TekBot using
1 Graphing a grid and the distance formula? If the robot picks the
points of its own path?
1 Historical See how robots have changed, compare/contrast
Research robots of the past, present and future.
1 Historical Timeline of the invention of silicon chips.
Research
1 Historical Research the development of motor technology.
Research
1 iMovie H.ow tp construct the TekBot using step by step
directions.
. . Create a tutorial where students show how electronics
1 iMovie
tools should be used safely.
1 Innova_tlon VS Are their real world applications of our TekBot?
Invention
1 1 1 Inquir What if the TekBot could be "super sized"? How could
quiry it move better? (e.g. larger wheels, larger batteries.)
1 1 Inquiry How can robots work to help in today's industry?
. Why do you need a resistor? Allow students to
1 Inquiry
demonstrate the answer.
What questions would a person new to robotics have
1 Inquiry about your TekBot? Give them a TekBot and have
them record questions, etc.
Movement on a big number line to use the TekBot to
1 Integers .
show integers.
Use with coordinate graphs to show negative and
1 Integers L
positive numbers.
. How would you change a TekBot. What purpose would
1 Inventions . ;
it have to help mankind?
1 Inventions Design new attachments for the TekBot.
1 1 1 Lab Safet In what ways could you inadvertently damage the
Y TekBot. How might it damage you inadvertently?
Why do we need lab safety when working with the
1 Lab Safety TekBot? Examples?
1 Lesson Set How can a TekBot be used to explain integers to a
younger student?
1 1 1 Life Is the TekBot alive? Why, why not.
1 Magnetism Explain how a motor works with a TekBot.
Study how magnets work inside a motor with a
1 Magnets
TekBot.
1 Mass How much mass can the TekBot transport?
1 Math Facts Move TekBot on a number line to do basic facts.
1 Mean, Median, How do different TekBots materials impact its
Mode performance?
1 Mean, Median, What is the average time a TekBot can traverse a

Mode

maze? Calculate measures of central tendency.
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Moving| TekBot Eng
TekBot| Const. Notebook Concept |Lesson Idea
1 1 Mean, Medium, Calculate and graph central tendency of races, obstacle
Mode courses, etc. Record construction times.
M Medi ) . .
1 MEZZ’ edium, Navigate maze--determine class mean, median
Measurement Is mph appropriate unit of measure? What's a better
1 1 and Unit unit? Create chart of different units. (convert weight
conversions unites)
1 1 1 Metric Distance measurement size of TekBot, parts sizes
Measurement  documentation of sizes
1 Metric Have TekBot navigate maze measuring metric, and
Measurement mass-grams.
1 Metric Measure mass of different parts of the TekBot.
measurement  Measuring distance traveled on track.
1 Metric Unit conversions while building
Measurement
1 Metric System Converting and measuring in metric a TekBot moves
across the floor.
1 Metric System Measuring distance and compare metric to standard
measurements.
1 Metric System  Measure distance around room as TekBot travels.
1 Metric System  Measuring weighted components of the TekBot.
1 Microbiology U-smg a moving TekBot to simulate the spread of
viruses or bacteria.
. . Compare and contrast a TekBot with a cell, could lead
1 Microbiology
to other cells.
Mode, Median, Using TekBot to make trial runs of distance and time
1 1 ) .
Mean and record the results. Discuss mean, median, mode.
Motors-How .
1 They Work How do motors work, parts, functions.
Newton's Law of Have different weighted objects in front of TekBot to
1 . . .
Motion illustrate Laws of Motion.
1 Newton's Law of Find Newton's 2nd law of Motion by placing different
Motion masses on the TekBots and measuring speed.
1 1 Newton's Laws
1 1 Newton's Laws F=m§ Add weight tg the TekBot to find change in
velocity and acceleration.
1 1 Newton's Laws Movmg-'grawty; Notebook-definitions processes of
Newton's Laws
What happens when we change the direction of a wheel;
1 Newton's Laws -what happens when an object disturbs the laws of
motion.
, Explore F=ma Add mass to TekBot and measure speed
1 Newton's Laws .
and acceleration.
1 1 Newton's Laws Definitions and formulas along with drawings in the
(Part A) notebook. Simulation tests.
1 Newton's Laws use the actual TekBot to experiment and incorporate

(Part B)

these formulas. Record findings in notebook.
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Moving| TekBot Eng
TekBot| Const. Notebook Concept |Lesson Idea
Inertia (First Law) use and object with and without a
1 Newton's Laws seatbelt. F=MA (2nd Law)--play with the mass to see
of Motion the effect. (3rd Law) Action/Reaction--more vs. less
mass--run TekBot into things.
1 Newton's Laws Looking at how there must be an energy source to run
of Motion something, including TekBots.
1 Note taking Learning how important note taking is. Teaching
Documentation combination note taking.
If you have x dollars and you need to get y number of
1 1 1 Operations parts to fix your TekBot, how and what could you
purchase to complete your task?
1 Outline Notes Document procedure in outline form.
. Calculate ratios of different types of wheels. Different
1 Parts of a Circle A . . -
calculations of diameter, radius, pi
1 1 1 Percent Efficiency, drag. Hypothegs—engmeermg changes
create percent of change in performance
1 1 Percent Track percentage completion. Mass percentages of
components.
1 Percent Analyze percent difference, percent change.
1 Percent Use for a completion of a maze (% finished).
Find the percentage of total distance traveled. Find the
1 Percentage .
percentage of ramps used with slope.
1 1 Podcasting Give oral directions for another to follow around an
Technology obstacle course.
1 Polygon Moye |p the s.h.ape of a polygon and see if TekBot turn
radius is sufficient.
Creating shapes with the TekBot movement and
1 Polygons . .
recording with marker.
. Solving formulas of the TekBot as it moves in parabolic
1 Polynomials
paths.
1 Polvnomials Use with algebra and find resistance and describe paths
Y of the TekBot.
1 1 Positive- Moving TekBot simulating number line. Positive,
Negative negative--electricity lesson
1 Positive- "Mobile counter" -- number line along baseboard with
Negative TekBot
g Conduction-Positive/Negative junctions, resistors,
Positive-
1 1 . Forward Advancement-reverse for +/- number
Negative . . .
calculations. Documentation of connections
1 Positive- Show what happens if you change the battery,
Negative balancing of protons/neutrons
1 P05|t|\{e- Use the diode to show the positive flow.
Negative
1 1 1 Problem Solving _Your J_ob |_5 to ?et the TekBot to do this.... G_enltlarate a
list of inquiry--"I wonder what would happen if...
How can you document and why. Quality control.,
1 1 1 Problem Solving trouble shooting. What mathematical knowledge
required to build/operate TekBot?
1 1 Problem Solving Using the dialectic method for engineering log book
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Moving| TekBot Eng
TekBot| Const. Notebook Concept |Lesson Idea
1 Problem Solvin How do I solve this? What could this be used for?
9 What's the best solution?
1 Problem Solving What do you do if it doesn't work. Brainstorm ways to
test TekBot.
1 Rational & Real Divide the circumference of circular paths by diameter
Numbers for students to discover the value of Pi.
Ratios, torque,
1 Problem Alter gear ratios and show/test relationships.
Solving, Inquiry
Experiment with different formulas and illustrate the
1 Real Numbers
Real number system.
Recognizing
1 Electronic Lesson on resistor colors and their values.
Components
. What math skills are required to build your TekBot?
1 1 1 Reflection Can you identify all that you used?
1 1 Scale Compare original wheels to larger/smaller wheels
1 Scale Problem solving-changing
1 Scale How to scale the parts to fit the construction.
Compare a TekBot to a real car and include a scale
1 Scale diagram. How does a tire to body scale change
between a real car to a TekBot.
Have students estimate size conversions relative to
1 Scale .
different payloads.
1 1 1 Science Ethics Wha_t ar_e the ethics of creating. So does the ethics of
applications
Scientific . G
1 1 1 Method Examine how a trailer impacts TekBot performance.
1 Scientific Order of operations for construction. Trial and errors.
Method
Scientific s . .
1 Method Compare scientific method to engineering method.
1 Scientific Give a problem and think of ways we could use the
Method TekBot to help solve that problem.
Simple What simple machine is used to move the robot,
1 1 1 p. building the robot. Create a Venn diagram of how they
Machines .
are common/different.
1 Slmp!e How do simple machines work?
Machines
1 Simple What are the simple machines? How are these making
Machines the TekBot move more easily?
Simple .
1 Machines How things work.
1 1 1 Slope Capacitors/resistors, linear slope vs. exponential slope
Set up a ramp at different algebraic slopes and observe
1 Slope
TekBot movement up the ramp
1 Slope Figure out the slope of the a ramp and its impact on
TekBot
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Moving| TekBot Eng
TekBot| Const. Notebook Concept |Lesson Idea
1 Slope of a line U-smg ramp——hgw slope affects movement of car.
(incorporate friction)
1 Sound :tchUSt the pitch and volume with differing resistors,
Drive across different materials and compare the
1 Sound
sounds they make.
1 Sound Measuring sound waves, comparing to electrical waves,
using the context of the TekBot.
Sound (Doppler Attach a noise maker to TekBot and have students
1 1 Effect) PP cover their eyes. Students can describe the path of the
TekBot as the operator moves it around the room.
1 Speed Graphing different speeds dragging different weights
P with TekBots (charts/spreadsheet applicable also)
1 STEM Careers S.T.E.M. career re'search criteria, including salary,
education, and daily work load.
1 1 Systems of Measuring friction
Equations
1 Systems of Use the TekBot to visually demonstrate "solution," to a
Equations system by physically showing intersections.
Technical . . .
1 1 . Drawing a diagram of the TekBot construction process.
Drawing
1 Techr_ncal Design TekBot accessories using technical drawing.
Drawing
1 Technical Use to CAD-measure components and make a scale
Drawing drawing.
1 Technical Learning to draw TekBot circuits and how it completes
Drawing a circuit.
1 1 1 Technology & Brainstorm the ways robots are being used in society.
Society
1 Technology & 1. Mars rover 2. Bomb Squad 3. Vacuum cleaner and
Society pool cleaner.
1 Technology & Have a discussion on how to improve the TekBot to
Society also discuss about engineers.
Technology in Have an engineer come and explain the parts of a
1 1 .
Society TekBot.
1 Tec_hnology n Discussion about how technology is used in society.
society
1 Technology Where Robots fit in a system. Mind mapping. Kids
System Spiration & Inspiration Software
1 Terrains Varied terrains and observing how the TekBot responds
. measure time from point A to Point B as TekBot
1 Time
travels.
1 Time Estimate time for distance traveled with a TekBot.
. Drive TekBot around polygons outlined on floor and
1 Time -
measure times and compare for shapes.
. Races--measure the amount of time to travel a race
1 Time path
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Moving| TekBot Eng
TekBot| Const. Notebook Concept |Lesson Idea

Demonstrate what it is' give examples outside of

1 1 Transistor TekBot constraints.
1 Transistor How does a transistor affect your machine?
Use of . Using VOM to test components and understand usage
1 electronic
for them.
components
1 1 1 Using Formulas Solving any physics equation after finding path with the
TekBot.
1 Variables Solve' problems involving circumference, power,
velocity, etc.
. run the TekBot and measure number of revolutions per
1 Velocity . . .
time and how far it goes per time.
1 Velocity Velocity of TekBot, math terms in notebook.
Velocity, In 60 seconds what is the largest square you can
1 Algebra, make?
Problem Solving ’
Velocity, .
1 Distance Mapping a room.
. Create a video through the viewpoint of the TekBot.
Video . -
1 Use garage band, etc. to create feelings, etc. in the
Technology film
1 1 1 Voltage Use of multimeters
1 Voltage Test resistors V=IxR Experiment with multimeter.
1 Voltage measuring voltage using batteries--increase voltage
1 Voltage How d.oes the TekBot change using different size
batteries
1 Weather Examine road conditions and performance of the
TekBots on different roads.
1 Weather How does weather affect the TekBot?
1 Weather Compare TekBot performance at different
temperatures.
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To Inspire Tech Kids,

Inspire Tech Teachers

Teachers build robots
in Nebraska, fix marine
problems in California

The Silicon Kids:

Fourth In A Five-Part Series

BY JULIE YALLONE
FORIMVESTOR'S BUSIMESS DAILY

Listen up class; here’s your lesson
for the day: If you want inspire the
next generation of tech profession-
als, start with their middle school
science and mathteachers.

Studies show declining interest
among college students in comput-
er science, engineering and related
fields. Many fear the U.S. will facea
shortage of skilled tech workers.

Thus, agrowing number of univer-
sity educators and business execu-
tives say it's crucial to start early by
getting kids interested in tech be-
fore they reach high school.

Math and science teachers want
to do just that, but they often lack
the out-of-classroom experience
needed to show their students how
their math homework or science ex-
periments actually relate toreward-
ingcareersintechnology.

People such as Bing Chen, head of
the Computer & Electronics Engi-
neering Department at the Universi-
ty of Nebraska, are trying to change
that. After visiting area high
schools, he found that not enough
was being done to expose students
tohis field.

“When I would meet high school
students interested in engineering,
there weren't very many of them,
and they weren't particularly well
prepared,” he said. “It struck me
that we needed to give younger stu-
dents some introduction to engi-
neering principles and a look aten-
gineering as a possible career path
before they reach high school.”

So Chen and his colleagues creat-
ed the Silicon Prairie Initiative on
Robotics in IT, or Spirit, program
for teachers and students, This past
summer, the university invited 32
middle school teachers from
Omaha, Neb., schools to participate
in a two-week, hands-on engineer-
ingworkshop.

Its agenda was drawn from the
school’s undergraduate engineer-
ing curriculum. Teachers learned
engineering principles by building
a small robot from scratch — using
math, science and information tech-
nology,or IT.

“Frankly, our math and science
teachers are not given many eppor-
tunities to explore engineering,”
Chen said. “Qur workshop was de-
signed to give them exposure and
build skill setsin this area.”

First Session Was Experiment

The Spirit program also includes
summer workshops and school ac-
tivities for kids, as another means of
drawing young people to the field.

Chen says the program, in its first
year, received a positive response
from the teachers.

“This summer's program was ex-
perimental; we really didn’t know
what toexpect,” he said. “We found
we had quite adiverse mix of teach-
ers attending our workshop, with
ages ranging from grandparents to
very young teachers just starting
out. They were all excited when
they left.”

Now that the teachers are back in
the classroom, Chen says, they're
able to incorporate what they
learned into their lesson plans, and
they're better able to identify which
young people have the potential to
be engineers.

For the National Middle School
Aerospace Scholars, or Namas, pro-
gram administered by San Jacinto
College in Pasadena, Texas, robot
buildingis also on the agenda.

The school, which enjoys a close
relationship with the NASA-
Johnson Space Center in nearby
Houston, invites 150 teachers from
eight states to attend vear-round
workshops where they learn about
the aerospace industry.

“We need to attract young people
to the aeronautics field, and believe

we can hook them using the excite-
ment of space and robotics,” said
math professor Sharon Sledge, one
of the program coordinators. “We
can also help the teachers get more
students involved in math and sci-
ence by building what theyve
learned into their curriculums.”

As part of the workshop, teachers
tour NASA, experience flight simu-
lations used by the astronauts, learn
about what it takes to launch a
spaceship and talk to astronauts
and others whowork at NASA.

*“We want to send the message
thatittakes more than astronauts to
have a space program,” Sledge said.
“The teachers meet people from a
variety of fields, so they understand
that you can be a marketing or ac-
counting major and still work for
NASA They learnthat many NASA
employees are evervday people.”

Includes Videoconferencing

The program also helps teachers
incorporate what thev're learning
into their curriculum, and lets them
communicate with their students
back in their classrooms through
videoconferencing, Sledge says.

Farther west, on California’s Cen-
tral Coast, science and math teach-
ersare getting a taste of in-the-field
scientific inquiry through the Ma-
rine Biotechnology & Bioinformat-
ics program at Moss Landing Ma-

voviy . .

School teachers build robotsat a U.
of Nebraska-Lincoln tech workshop.

rine Laboratories, part of California
State University, Monterey Bay. At
workshops during the summer and
throughout the year, teachers learn
how to investigate marine prob-
lems by gathering field samples,
working in a professional marine
lab environment, and using biotech
gearto manage and analyze data.

Teachers are also given help inin-
tegrating their experiences into
their curriculums. Like all the pro-
grams here, the program receives
funding from the National Science
Foundation, among other sources.

“We talked to teachers when we
were designing the program, and
they said they wanted help bringing
interesting experiences to students
in the classroom,” said Simona
Bartl, program coordinator and ad-
junct professor at CSU. “Only a few
had experience doing actual re-
search and being in the lab with sci-
entists. Most had gone through sci-
ence (teacher) education programs,
where they're just not exposed to
these aspects of the field.”

The marine research workshops
are designed togive teachers experi-
ence they can take back to the class-
room, share with their students and
inspire them to consider careers in
marinescience.

“Some of the best teachers we've
encountered once worked in the sci-
ence field and later went into teach-
ing,” Bartl said. “They have a lot of
creative ideas about how to make
science come to life in that class-
room. With our program, we hope
to give the other teachers, and the
general public, abetter understand-
ing of what science is and what sei-
entists do. We also want to show
them how scienceislinked totheen-
vironment, public policy and other
aspectsof our lives.”

Coming Friday: Some New York
middle and high school students are
learning how to use state-of-the-art
forensic technology and research to
investigate mock crime scenes. The
curriculum looks less like a science
class and more like an episode of the
popular CBS crime show, “CSI.”
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Reaching the Millennium Generation

B ing Chen believes the best way to get
students interested in engineering is to
ignite their creative urges.

That’s why the Department of Computer
Electronics and Engineering has used the
TekBot® as the glue between courses since
2004, said Chen, the department’s chairper-
son. Now he is introducing the TekBot® to
potential students as well.

The TekBot® is a 9-inch by 5-inch robot.
Each student in the department receives a
TekBot® at the beginning of his or her fresh-
man year. Students use concepts from their
engineering courses—and their imagina-
tions—to customize a basic robot each
semester through their senior year.

Need more power? Install a new motor.
Want to control the robot while watching
television? Build an infrared remote control.
A group of juniors even programmed their
robots to play laser tag.

“The TekBot® is a fun learning platform,”
junior Dan Norman said. “Once you put a
microprocessor on there, you can put on all
sorts of other applications.”

Chen said the TekBot® was one way to
keep students excited about engineering and

apply their coursework to a tangible product.

The curriculum was developed at Oregon
State University.

After observing how popular the TekBot*
was among college students, Chen realized
that robotics could be an effective tool to get
younger students interested in engineering.
He recently received a $1.17 million grant
from the National Science Foundation to
bring TekBots® to middle school classrooms,
particularly in low-income areas. Each Tek-
Bot” costs $100.

The pilot project will begin this fall in the
Omaha Public Schools.

“Part of the problem in getting students
interested in engineering is that K-12 educa-
tion includes math and science curriculum
but not engineering,” Chen said. “What are
fundamental engineering principles? Why
should teachers encourage their students to
considering engineering as a profession?”

He wants teenagers to understand that
engineers developed many of the electronic
gadgets they use daily, such as MP3 players,

cellular phones and plasma screen televisions.  which reinforce basic math and science skills.

“We want them to understand that engi- After the workshop, participants will meet
neering applies knowledge to benefit society,”  monthly to share their progress and get new
Chen said. lesson ideas.

The teachers participating in the TekBot® Jennie Premer, who teaches seventh grade
pilot program are critical to the program’s
success, he said. In July, the department TekBot® continued on page 6

hosted a two-week workshop to train 30
Nebraska middle school teachers to build a
TekBot® and develop lesson plans, many of
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M David Shabram, a teacher at Westside Middle School, cuts a wire that he soldered onto the motor
terminals of his TekBot®. Inset: Bing Chen
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" FrontandCenter

TekBot® continued from page 5

at McMillan Magnet Center, said she would
use the TekBot® to reinforce mathematical
standards.

“It gives students an immediate visual on
how, for instance, slope works,” Premer said.
Chen said the workshop was an intense
course in circuitry, soldering and the societal

impact of robots. For many teachers, the
workshop was the first time they’d experi-
mented with welding and circuitry.

“These teachers represent the front line
of math and science education,” Chen said.

“We have to empower our teachers and give
them a sense of possibility about engineering
sciences.”

The college is working with faculty from
the University of Nebraska at Omaha’s Col-
lege of Education to measure the program’s
effectiveness. Chen said he hopes someday,
there will be enough schools using the cur-
riculum to have a citywide TekBot® competi-
tion.

“We have to make certain that our young-
est children have a sense that engineering
is a good opportunity,” he said. “We have
to reignite the sense of wonder, the sense of
creativity, of why this is a dynamic, not static,
subject.”

—Ashley Washburn

6 Summer2006
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B Call it “Invasion of the TekBots.” At the Peter Kiewit Institute,
these little robots - raw circuitry and wires on wheels - are
rolling into classrooms, morphing into high-tech gadgets with
wireless communication and video systems as innovative
students tinker with them.

Bing Chen, chair of UNL's Computer and Electronics
Engineering Department at the Omaha-based institute,
couldn’t be happier with these 21st-century teaching tools.
He introduced TekBots to the university’s engineering
programs two years ago to encourage students to think
creatively about applying classroom knowledge and to have
fun with engineering. Now, he’s letting TekBots loose in
Omaha'’s middle schools with his new Silicon Prairie Initiative
on Robotics in Information Technology, or SPIRIT, program.

Funded by a $1.2 million four-year grant from the National
Science Foundation and in collaboration with Omaha Public
Schools, SPIRIT is teaching middle school teachers to use
TekBots to illustrate algebraic equations and to demonstrate
such principles as friction, wireless and computer processing,
and electronics. For example, students can learn the circum-
ference of a circle equals 27, then ink a TekBot wheel,
measure it for themselves and use the equation to calculate
revolutions and distance.

TURNING LOOSE TEKBOTS S TEAHING TOOLS

Students, Chen said, “don’t always see the payoff to what
they’re studying.” He thinks that’s one reason fewer
American students choose math and science careers. He
designed SPIRIT to introduce young people to math and
science at an early age and perhaps encourage more of
them, particularly underrepresented women and minorities,
to choose engineering careers.

“The teachers are, obviously, the front line,” Chen said.
So in summer 2006, about 40 middle school teachers built
their own TekBots and, with the help of UNL engineers,
brainstormed lesson plans for their classrooms. SPIRIT
aims to train 100 teachers in the next three years. The
program will host a Web site and ongoing training so

Opposite: Derrick Nero, a teacher at Omaha’s Lewis and
Clark Middle School, works on a TekBot.

Bing Chen with a TekBot.

teachers can share stories and new ideas. UNL engineering
students will mentor middle school students throughout
the school year.

Chen hopes the classroom is just the beginning for
TekBots. He envisions robotics clubs and citywide TekBot
competitions in which student-designed robots must
complete mazes and other challenges.

“I see this as a mechanism for the 21st-century
Soapbox Derby.”
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SSW15. Teachers rev up robotics knowledge

By Julie Blum jblum@columbustelegram.com
Friday, June 26, 2009 - 09:20:49 am CDT

COLUMBUS - Small robotic cars will be making
appearances in the classroom to help students learn
about math, science and technology.

Several local and area teachers are taking partin a
two-week Summer Robotics Institute at Central
Community College-Columbus. The 21 teachers built
the cars last week and are currently developing lesson
activities they will be able to use with their students for
the upcoming school year.

"This puts math and science concepts in a realistic
context," said Neal Grandgenett.

. . . . Jeff Korus, right, a math teacher at Humphrey St. Francis
He is a math professor at the Peter Kiewit Institute, one  High School, speaks with University of Omaha Math

of the partners a|0ng with CCC_C0|umbu5, Columbus Professor Neal Grandgenett about robotics during a two-

week Summer Robotics Institute at Central Community

Public Schools, the University of Nebraska-Lincoln and College-Columbus, Telegram photo by Blaine McCartney

the University of Nebraska-Omaha for the workshop.

= A two-year Career Education Partnership Act grant is
funding the workshop.

Teachers participating are at the middle school and
high school levels teaching in the math, science and
technology areas. Each teacher gets to take three
robotic cars back to their schools when they complete
the workshop.

Shantelle Suiter, a math teacher at Columbus Middle
School, said she is looking forward to using the robot
in her classroom. Her students, she said, are
technologically savvy, so this will be right up their
alley.

A game of four square is played by Nebraska high school
teachers using the radio-controlled robot cars. Telegram photo

by Blaine McCartney It will provide a unique way to help students get

hands-on lessons in mathematics because every part
of the robot, from the circumference of wheels it rolls on to the engineering it takes to develop it,
involves numbers and formulas.

"Technology is math. Without the math, you wouldn't have technology," she said.

St. Isidore Elementary School teacher Megan DeWispelare said she was involved in the workshop
because she was looking for ways to incorporate more technology into her teaching. She teaches
computers, and also math and science to sixth graders.

She plans on using the robots with her computer students. Even the youngest kindergarten students

will be able to use them because the cars are controlled with a device that many of them are used
to, a PlayStation 2 controller.
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Dan Davidchik, Mechatronics Project Coordinator at CCC-Columbus, said the workshop is another
way of growing the awareness of technology as a teaching tool. The Mechatronics Education Center
at CCC-Columbus emphasizes technical careers. Several workshops open to middle school, high
school and college teachers, and industry workers focusing on technology have been offered
through the center.

HHHE

http://www.columbustelegram.com/articles/2009/06/27/news/local/doc4a44d11654144160425670.txt
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Dream It. Do It. Receives Grant

The Midlands Community Foundation places an emphasis on
prevention and education. The mission of the foundation is to
benefit the diverse needs of the Sarpy and Cass county com-
munities.

IMES

The Nebraska Department of Education sponsored an
IMES (Industrial, Manufacturing and Engineering
Systems)

in-service throughout the state of Nebraska and asked
Dream It. Do It. to present its program again this
year.

IMES sessions were held in Scottsbluff, North Platte,
Hastings, Lincoln, Norfolk, and Omaha.

This is a wonderful opportunity to get the Dream It.
Do It. coalition’s message out to teachers and the
community in Nebraska.

EPSCOR

DIDI hosts a table at the EP- ’
SCOR (Experimental Program [
to Stimulate Competitive Re-
search) 5th Annual Innovation
Conference.

In picture— Tyler Wortman, CDT Spokesperson; Dwayne
Probyn, DIDI Executive Director; and Senator Scott Price

Dream It. Do It. has been awarded a grant for $22,400
from the Midland Community Foundation. This grant
money will be used to purchase 72 CEENBot Kits (see
picture of completed CEENBot).

The following schools will receive 10 CEENBots each:
Papillion La-Vista High School Papillion La-Vista South
Conestoga High School Louisville High School
Elmwood Murdock High School Plattsmouth High School
Weeping Water High School 2 CEENBGots for DIDI

The CEENBGot is an educational tool to use in STEM
classes (Science, Technology, Engineering, Math) to intro-
duce robotics to students. The CEENBot platform is de-
veloped by the Peter Kiewit Institute in Omaha. This plat-
form is a flexible education tool allowing teachers to inte-
grate the platform into their current instruction with ready-
made education lessons that are mapped to national stan-
dards in STEM.

For more information on the CEENBot and to view the
education tools, go to:
http://www.ceen.unomaha.edu/TekBots/SPIRIT2/

CCC Design Technology

More then 270 people

= visited one of the na-

S tion’s best-equipped

| machine tool technology
g education programs on

tral Community Col-
lege-Hastings sponsored
an open house for its
Midwest Center for Plastics and Design.

A big draw for representatives of some 50 business and
industries who attended the open house was 15 new
CNC machine tools recently added to the campus ma-
chine tool technology program.

The new equipment was provided through a $2.1 million
Community-Based Job Training grant from the US Dept.
of Labor awarded to the college to develop a program in
design technology and to establish the Midwest Center
for Plastics and Design.
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NAMC * “orecard

2009 Events Est. Est. Quality

We’ve Attended Attend. Contacts Contacts
High School 5,543 1,915 688
Career Fairs
Classroom
presentations 1,232 882 587
College 308 120 70
Career Fairs
Civic/Community 963 870 770
Presentations
Mfg. Tours 915 915 500
Miscellaneous 4,960 2,013 917
Year-to-date 2009 13,921 6,715 3,632
Totals from _ _
2006-2008 Events 38,455 16,018 9,490
Campaign Totals 52,358 22,715 13,004

NAMC Board of Directors
Tony Raimondo, Chairman* Behlen Mfg. Co.
Tom Whalen, Vice Chair*  Blue Cross/Blue Shield of Nebraska
Dennis Baack* Nebraska Community College System
J.B. Milliken University of Nebraska
Catherine Lang Commissioner, Nebraska Dept. of Labor
Richard Baier* Dept. of Economic Development

Roger Breed Commissioner, NE Dept. of Education
Barry Kennedy Neb. Chamber of Commerce & Industry
David Brown Omaha Chamber of Commerce

Wendy Birdsall Lincoln Chamber of Commerce

K.C. Belitz Columbus Chamber of Commerce
Mike Baldino NAMC Secretary

Dwayne Probyn NAMC Executive Director
*Denotes Executive Committee Members

NAMC AREA DIRECTORS
Dwayne Probyn
dbp628@aol.com
John Viyhlidal
johnv@tri-vtool.com

Linda Lichtenberg 402-434-9140
linda.lichtenberg@Iincolnmachine.com

Executive Director 402-344-6122

Omaha 402-895-9000

Lincoln

Northeast Nebraska Jeff Scherer 402-568-2937
max@smeal.com
Columbus Bernie Hansen 402-270-0604
drive45@megavision.com
Hastings/Grand Island  Kelly Christensen 402-461-2558

kchristensen@cccneb.edu

W, DRERMIT-0D1T.COM

eOMm: LUQ
Reasons To Celebrate!
SEPTEMBER 2009

LINCOLN: Lincoln Machine participated in a job shadowing
program with UNL Mechanical Engineering students.
NATIONAL: Dwayne Probyn attends DIDI Executive meeting
in San Antonio.

COLUMBUS: Columbus Regional Career Dream Team spot-
lighted at local football games during half-time.

HASTINGS: CCC Design Technology Open House (see article
on front).

STATE: DIDI presents at Industrial, Manufacturing & Engi-
neering Systems (IMES) in-service across the state of Ne-
braska.

STATE: Tony Raimondo Presents DIDI at Manufacturing Sum-
mit in Lincoln, NE.

LINCOLN: TMCO hosts open house with manufacturing tours
to approximately 500 students.

LINCOLN: Tyler Theillen of Lincoln Machine presents to Lin-
coln Northeast career classes—approx. 100 students.

October
Mentor of the Month

Sarah Hampton

Sarah Hampton (Hanson) with Val-
mont Industries has been selected
as October’s Mentor of the Month
for her continued dedication to the
DIDI Career Dream Team program. Some of the activities
Sarah has been involved in include the DIDI Omaha Edu-
cation Extension Committee, helped to select the Career
Dream Team Candidate for Valmont, and Hosted the Ca-
reer Dream Team members during the Texas Tech game on
October 17th. Thanks Sarah — keep up the good work! |

Blog— http://www.didicdt.com "l.‘ '

You Tube—nhttp://www.youtube.com in the
search box type DProbyn
Facebook—http://www.facebook.com search
for DreamltDolt Nebraska

Web Site: -
http://www.dreamit-doit.com/Nebraska

Holdrege Roger Allmand 800-562-1373
rallmand@allmand.com
Western Nebraska Dan Koch 308-762-2975
dankoch@perrinmfg.com -
Dawson County John Bell 308-784-3902 -
jbdad@cozadtel.net o —

2= g THE
HWEANUFACTURING
INSTITUTE

MANUFACTURING MAKES AMERICA STRONG

WWW.nam.org

Visit our web site at www.dreamitdoit.com/Nebraska

Www.dreamil-doil.com/Nebraska



Educator Workshop Perceptions and Interests Survey Page 1

SPIRIT Teacher Participant Questionnaire - Start ofProject
A Survey of Teachers

Date IRB #: 2005-05t3FX (UNL)
173-05-EX (UNO)

Purpose This brief survey is designed to help us undestafew of your educational
opinions and perceptions so that we can bettertplagear’s Educational Robotics
Institute activities. Your responses will remaimoaymous but we ask for an ID number
that you create in order to compare your respobstse and after the Institute, to help
us evaluate whether our Institute has been beaktaiyou, based upon your opinion.

Private and Voluntary Participation: All data collected in this survey will be kept in
the strictest confidence. No individual names Wélreported in any report and only
group information will be described. Individualave the full right to participate or not
participate in the survey as desired.

Survey Coordinated by: This survey is being coordinated by the Univgreit
Nebraska at Omaha. For information related t® shrvey, please contact:

Elliott Ostler, Ed.D. (Facilitator)

107 Kayser Hall

University of Nebraska at Omaha Phone: (402) 554-3486

Omaha, Nebraska 68182-0163 E-mail: elliottostler @mail.unomaha.edu

Mike Timms, Ph.D. (External Project Evaluator)

Measurement and Evaluation Consultant

2700 West Newell Ave. Phone: (925) 998-8820
Walnut Creek, CA 94595 E-mail: mtimms@wested.org

Study Principal Investigator: For more information related to the study contact

Neal Grandgenett, Ph.D. (Principal Investigator)

107 Kayser Hall

University of Nebraska at Omaha Phone: (402) 554-2690

Omaha, Nebraska 68182-0163 E-mail: ngrandgenett@mail.unomaha.edu

Temporary and Coded Identification

Please provide a temporary and coded ID number inrder to help us track future
responses for the coming year as you implement whgou learn at the Institute.

Please designate an ID number that you will be tbfemember:
(Note: Please do not use any portion of a Social Security Number)
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Educator Workshop Perceptions and Interests Survey Page 2

Background and Demographics
Please respond to the items below to help us sumnse general background and
demographics information for students responding tdhis survey. All information
will be kept confidential. Thank you!

1. Gender
Male Female
O O
2. Ethnicity
African Asian Latino Native Caucasian Other
American American (please
specify)
O O O O O O

3. Academic Qualifications (Check and give detailsf all that apply)

Bachelor's Degree  Master's Degree  Advanced Degree  Other Academic

(BA, BS, etc.) (MA, MS, etc.) (PhD, EdD, etc.) Quialification
(please specify)
] ] O O
Subject: Subject: Subject: Subject:

4. Do you have any particular qualifications or expriences related to engineering,
electronics, or educational robotics that you wantis to know about?

5. Teaching Experience
Total years of teaching: years
Of those total years, how many years have you taagpof the following topics?

Science: _ Math: __ Engineering: ___ecEbnics: __ Robotics:

A-87



Educator Workshop Perceptions and Interests Survey

Recent Professional Development

6. Please list any professional development worksp® you have taken in the last 3

years.

Topic of the professional development

Duration

7. Please describe any other relevant professiorettivities in the last 3 years.

(e.g., mentoring new teachers, grants received, avds, committee service, etc.)

Topic of the professional activity @&ation
Perceptions - Project Based Learning
8. Please rate your level of agreement with thelfowing statements.
T
= s =
o
=g 888 |58
O o ©D06| O = e)
Dol <n| < n <
a. My students are not used to long-term projects N O O O
b. My teaching often includes group activities $tudents| [ 0] O ]
c. | have very little experience with Project-Bése N [ O O
Learning
d. | have strategies for assessing students’ wogkoups (] N O O
e. Project-Based Learning takes more time thewrth N O [ O
f. I am comfortable designing project-based leagni
o 0 0 O O
activities
g. Students learn better individually than in greu 0 O O O
h. 1 know how to pace student learning in longrter N O O O
projects
i. Project-based learning is effective for teaghscience,
. . . . H H t U
technology, engineering and mathematics topics
j. I am comfortable with observing students in drgedups| U N O O
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Educator Workshop Perceptions and Interests Survey Page 4

Perceptions — Science Technology, Engineering
and Mathematics (STEM) Disciplines

9. Please rate your level of agreement with the folving statements.

Do Not
agree
Agree
Somewhat
Agree
Strongly
Agree

a. Learning about science, engineering, technodmgly
math is important to a students’ academic success

O
O
O
O

b. lintend to take more professional developmmtit a
STEM focus.

O
O
O
O

c. I'would advise my students to take as many STEM
courses as they can.

O
O
O
O

d. Learning STEM subjects is difficult for student N [ O O
e. I know as much as | need to know about teacBirigM | [ O O O
subjects.

f. 1 believe thasll students can succeed in STEM

disciplines.

g. My students struggle with STEM subjects.

h. Girls are less likely to succeed in STEM sutsj¢lan
boys.

i. Minority students are less likely to succee&iREM
subjects than White students.

j. Students with a solid grasp of STEM subjectslzatter N O [ O
prepared for future careers than those who do awe b
solid grasp of such subjects.

k. I personally find STEM subjects interesting. N [ O O
I. Educational robotics is a useful context farteng 0] O ] ]
STEM concepts.

m. Educational robotics can be easily integratéal many | [ O O ]

STEM courses within a middle school context.

10. Any other comments?
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Educator Workshop Perceptions and Interests Survey

Evolving SPIRIT Experiences

11. To help us better understand how your experierclevel changes and evolves
during this year of activities, please identify you“general experience” with each of
the following topics at this time. Please check énmost appropriate response.

A: Not at all - no experience at all

B: Low - a little experience

C: Medium - some moderate experience
D: High - very experienced

a. Engineering Not at all Low Medium  High
b. Electronics Not at all Low Medium  High
C. Robotics Not at all Low Medium  High
d. Programming Not at all Low Medium  High
e. Computers Not at all Low Medium  High
f. Cooperative Learning Not at all Low Medium  High
g. Problem Based Learning Not at all Low Medium  High

Evolving SPIRIT Expectations

12. We would also like to know what you most desrand expect to get out of the
project at this time. Please answer the followingvo questions:

a. What do you personally hope to get out of the pfect?

b. What do you most hope to accomplish related tgour students?

Thank-You!

Thank-you for completing this survey, and we lookdrward to working with you in
the SPIRIT project this year!
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Survey - Page 1

Pilot and Field Testing of the National 4-H Educational Robotics Curriculum
Curriculum Pilot Testing
Teacher Facilitator Feedback Survey

Form Purpose: The following feedback form is to be used by facilitators in piloting the 4-H educational
robotics lessons and activities in the classroom, and for making suggestions for improvement. All
responses will be kept completely confidential, and only used in the lesson revision process.

L esson Information: Project Evaluation Contact:
Reviewer/Facilitator Name: Dr. Neal Grandgenett, UNO
Robotics Lesson/Activity Piloted: Phone:  402-554-2690

Location Where Piloting Took Place: ngrandgenett@mail.unomaha.edu

Piloting Feedback

L esson Feedback: Please give your perceptions on the different educational robotics lesson components.

gt.gg?g Disagree Neutral Agree ngrniy
1) The I_n/activity helped youth to learn about science i i i i i
or science concepts.
2) Thelesson/activity helped youth to learn about i i i i i
technology or technology concepts.
3) Thelesson/activity helped youth to learn about i i i i i

engineering or engineering concepts.

4) The lesson/activity helped youth to learn about
mathematics or mathematics concepts.

— —1
— —1

5) Thelesson/activity wasinteresting to youth.

—_—t —1 —_—
—_—t —1 —_—

—
—

6) The lesson/activity was engaging to youth.

7) For you personally as ateacher or facilitator, what were the positive aspects of the lesson?

8) For you personally as ateacher or facilitator, how could the overall lesson or activity be improved?

Important Final Task: Please make any instructional comments, suggested edits, or revision thoughts
on an attached copy of the lesson or activity itself. Thanks! Y our feedback is deeply appreciated!
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Survey - Page 1

Pilot and Field Testing of the SPIRIT Project Curriculum
Curriculum Pilot Testing
Student Feedback Form

Form Purpose: Thank-you for trying out some of the robotics activities with us. We want to know what
you learned, how you liked the robotics activities, and if you have any suggestions for their
improvement. Y our feedback will be kept confidential and will only used to make the activities better.

L esson Information: Project Evaluation Contact:
Reviewer/Facilitator Name: Dr. Neal Grandgenett, UNO
Robotics Lesson/Activity Piloted: Phone:  402-554-2690

Location Where Piloting Took Place: ngrandgenett@mail.unomaha.edu

Robotics Activity Student Feedback

Activity Feedback: Please give your perceptions on the different educational robotics lesson components.

gt.gg?g Disagree Neutral Agree ngrniy
1) The lesson/activity helped me to learn about science or i i i i i
science concepts.
2) Thelesson/activity helped youth to me to learn about i i i i i

technology or technology concepts.

3) Thelesson/activity helped me to learn about
engineering or engineering concepts.

—_—t
—d
—_—t
—d
—d

4) The lesson/activity helped meto learn about i
mathematics or mathematics concepts.

—1
—1
—1

—
—
—

5) | found the lesson or activity to be interesting.

—_—t —1
—_—t —1

6) | would tell my friends that the activity was a good one.

7) For you personally, what was the best part of the lesson? Why?

8) For you personally, how could the overall lesson or activity be improved?

9) Anything else that you would like to tell us?

Thank-you! Y our feedback to usis deeply appreciated!
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Nebraska 4-H Robotics and GPS/GIS and SPIRIT Project

Sample Questions - 4-H Robotics and GPS/GIS and SPIRIT Content Quiz - Pre

Name: State

Leader Name:

Age: Gender (circle one): Male Female

Multiple Choice: For each of the following questions, circle the letter of the answer that best
answers the question.

1. Inorder to follow a delayed sequence of set movements, without direct user control, a
robot must be
A. controlled by a remote.
B. computerized.
C. programmed.
D. trained.

2. A programming “loop” does which of the following?
A. Starts the program code
B. Stops the program code
C. Performs multiple functions
D. Repeats a section of program code

3. A computer program consists of that tells the computer to do something.
A. sensors
B. code
C. lights
D. robots

4. Which of the following enables a robot to investigate and react to its environment?

A. Tires
B. Sensors
C. LCD panels

D. Mechanical arms

5. What is a computer program?
A. Computer generated text
B. The hardware that controls a computer
C. Instructions written in a language a computer understands
D. Language that is built into a robot

6. Which of the following is a wireless connection?

A. Bluetooth
B. RCX
C. USB
D. Serial port

7. When programming your robot, a switch block or if/else/then statement is used to
ask a question.

stop the program.

speed up the program.

repeat the code.

oow»
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Nebraska 4-H Robotics and GPS/GIS and SPIRIT Project

8. Which of the following is an example of multi-tasking?

Having your robot move forward on a table

Having your robot turn to the left for 2 seconds

Having your robot measure a distance as it identifies an object to lift
Having your robot use its light sensor

oow»

9. The process of refining an instrument, like your robot, so that it is as accurate as possible
by collecting information about how far your robot will travel in a given amount of time
and using the information to estimate how long it will take the robot to go a given distance

is called
A. aratio.
B. the Pythagorean Theorem.
C. athreshold value.
D. calibration.

Amie and Cody are engineers working to design a robot that will be able to plant trees in a fruit
production orchard with apples, apricots, oranges and/or peaches. They need your help to apply

the steps of the Engineering Design Process. Answer the questions below to provide your
assistance.

Image of an apple orchard fro Kelowna Land and Orchard Co&ibéhy td. ( LO) in British
Columbia, Canada. Image from http://media-cdn.tripadvisor.com/media/photo-
s/00/11/f9/0a/orchard-at-kelowna-land.jpg used without permission.

10. Which of the following would not be part of the problem that Amie and Cody need to
solve in order to begin designing their robot?
A. The robot must be able to travel in standing water.
B. The robot must be able to avoid obstacles such as large rocks and existing trees.
C. The robot must be able to go to a specific location, using GPS.
D. The robot must be able to dig a hole.
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Nebraska 4-H Robotics and GPS/GIS and SPIRIT Project

11. As a part of the design process, Amie and Cody visit an engineering library to look at
existing patents. Which step in the Engineering Design Process are they doing?

Identify the problem
Research the problem
Select a solution
Construct a prototype

ooy

12. Amie and Cody are reviewing the possible solutions to select one to test by building a
prototype. Which of the solutions below do you think is most important to the project?
The robot should operate quietly to lessen the disturbance to wildlife in the area.

A.

B. The robot should be on tracks to cover diverse terrains.

C. The robot should have a camera so the operators can see what it is doing from
anywhere with an Internet connection.

D. The robot should have a robotic arm that can do tasks such as dig the hole,

place the tree and replace the soil.

13. Which of the following strategies would be important to evaluating Amie and Cody’s

solution?
A. Testing the prototype by planting trees in different orchard settings or
environments
B. Asking other engineers on your team to review their design and prototype
C. Check the design with specialized computer software to find potential flaws
D. All of the above

Technology — Robotic Programming

Use the obstacle course shown to answer the robot programming questions below. The dashed
line(s) shows the path of the robot. The solid line is a black electrical tape one inch wide

A
Start
t-..
“‘ i....’ C
b # Tower
\ g o

End

14. Which sensor is most likely used to navigate the robot between points A and C?

Light
Sound
Touch
Ultrasonic

oow»
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Nebraska 4-H Robotics and GPS/GIS and SPIRIT Project

15. Which of the marked points on the image above corresponds to the pseudocode shown

16.

17.

18.

19.

here:
Loop 4 times — Forward one tire rotation, Turn ninety degrees right
A. Point B
B. PointD
C. PointE
D. PointF

At point F, the robot spins counterclockwise for at least 1080 degrees. Which
pseudocode line would cause the robot to turn 1080 degree?

A. Forward, left motor 10 rotations

B. Forward, right motor 10 rotations

C. Forward turning to the left, left and right motors 10 rotations

D. Forward turning to the right, left and right motors 10 rotations

Which of the marked points in the image above corresponds to the pseudocode shown
here:

Wait until touch, reverse two wheel (720 degrees) rotations

A. B
B. D
C. E
D. F
Which of the sensors listed would most likely not be used to complete this challenge?
A. Light
B. Sound
C. Touch
D. Rotation

Which pseudocode is the most reliable way to program the robot at point C (find the
tower and then turn, using an ultrasonic sensor) in the image above?

Forward 2.3 wheel rotations to the tower

Forward 828 degrees to the tower

Forward 1.6 seconds to the tower

Forward until 15 inches from the tower

oow»
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Robotics Workplace Skills Youth Questionnaire (Pre)

Name: Date:

Club or School: Gender (circle one) Male Female

We want to know how well the robotics activities help you to develop certain skills. Please respond to
the items below in terms of how you can contribute to your team in undertaking the robotics
activities or in preparing the team project and documentation for the Robotics Showcase. It
should take you about 5 to 10 minutes to fill out this survey. The results will help us to learn how you are
benefiting from this educational program and if we need to make any changes.

Neither
Statement SOy Agree | Agree nor | Disagree Sfcrongly
Agree Di Disagree
isagree
1. Iam able to brainstorm (come up with) a
number of possible strategies to 5 4 3 2 1
accomplish the robotics challenge.
2. lam able to determine how mistakes in
programming the robot can lead to a 5 4 3 2 1
problem with other parts of the design and
build process.
3. | am able to evaluate solutions suggested
by my teammates and predict which of 5 4 3 2 1
them might work.
4. |am able to identify and ask questions that
; A 5 4 3 2 1
will lead to a better team solution.
5. | am able to explain my ideas and findings 5 4 3 2 1
to my team.
6. | am comfortable presenting results 5 4 3 2 1
produced by my team to the judges.
7. lam able to interact professionally with the 5 4 3 5 1
contest officials.
8. | am able to come up with creative ideas to
5 4 3 2 1
help solve problems.
9. |am able to evaluate alternative ideas and
solutions in order to improve the robot’s 5 4 3 2 1
computer program.
10. I am patient with my teammates. 5 4 3 2 1
11. In the competition | realize that it is often
. 5 4 3 2 1
necessary to work with different people.
12. 1 am open to ideas from other team 5 4 3 2 1
members.
13. I am able to help my team to accomplish 5 4 3 2 1
the task within the allocated time frame.
14. Compromising with other team members is
sometimes necessary to accomplish our 5 4 3 2 1
goals.
15. I am able to share responsibility with my 5 4 3 2 1
teammates. ]
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16. Whatever my role in the competition | am
able to follow through on the tasks needed 1
to help to complete our team activity.

17. 1 am able to work with the team to help to
prioritize, plan and manage the work to 1
achieve the desired results.

18. I am an active participant in our team. 1

19. I am able to evaluate alternative ideas and
solutions in order to improve the team 1
project.

20. | am able to demonstrate leadership on 1
selected tasks to help support my team.

21. Other team members are able to count on 1

me to get something done.
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4-H Robotics and GPS/GIS and SPIRIT Interest Questionnaire - Pre

Name: State

Leader Name:

Age: Gender (circle one): Male  Female
Ethnicity (circle one):

African American Asian or Hispanic White (non Other
American Indian Pacific Islander Hispanic)

We are interested in learning about your attitudes towards science, technology, engineering, and mathematics. We
particularly want to get your reaction to learning about robotics, which involves the building and programming of
small robots. We also are interested in your attitudes about GPS (Global Positioning Systems) and GIS
(Geographical Imaging Systems). GPS helps us record and use satellite data to understand geographical location
and mapping concepts. GIS is a computer tool you can use to develop, analyze, and display geographic maps.

Read the statements below and circle your opinion.

Strongly e . Strongly
Statement Agree Agree nor Disagree .
Agree Di Disagree
isagree
1. Itis important for me to learn how to
AR s 5 4 3 2 1
conduct a scientific investigation.
2. ltis important for me to learn about 5 4 3 2 1
robotics.
3. Itis important for me to learn how to use
appropriate tools and techniques to 5 4 3 2 1
gather, analyze and interpret data.
4. It is important for me to learn about GIS. 5 4 3 2 1

5. Itis important for me to learn how to use
mathematical formulas to help solve 5 4 3 2 1
practical problems.

6. Itis important for me to learn how to
make accurate measurements to help 5 4 3 2 1
solve mathematical problems.

7. Itis important for me to be able to
record measurements and calculations 5 4 3 2 1
into tables and charts.

8. Itis important for me to learn how to
collect and interpret data to verify a 5 4 3 2 1
prediction or hypothesis.

9. Itis important for me to understand
basic engineering concepts (e.g. design
tradeoffs, speed, torque) related to
building and moving a robot.

10. It is important for me to learn how to
program a robot to carry out 5 4 3 2 1
commands.

11. It is important for me to learn about
GPS.

12. | like learning new technologies such
as robotics.
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Strongl NETEy Strongl
Statement gty Agree Agree nor Disagree rongly
Agree Di Disagree
isagree
13. I like using the scientific method to 5 4 3 2 1
solve problems.
14. | like using mathematical formulas and
' 5 4 3 2 1
calculations to solve problems.
15. I like learning new technologies like 5 4 3 2 1
GPS.
16. | use a step by step process to solve 5 4 3 2 1
problems.
17. I make a plan before | start to solve a 5 4 3 2 1
problem.
18. | am confident that | can program a
robot to move forward two wheel 5 4 3 2 1
rotations (i.e. 720 degrees) and then
stop.
19. I try new methods to solve a problem
5 4 3 2 1
when one does not work.
20. | carefully analyze a problem before |
) . 5 4 3 2 1
begin to develop a solution.
21. In order to solve a complex problem, |
. . 5 4 3 2 1
break it down into smaller steps.
22. | am certain that | can build a robot by
X o . 5 4 3 2 1
following design instructions.
23. | am certain that | can fix the software
program for a robot that does not 5 4 3 2 1
behave as expected.
24. 1 am certain that | can log locations of a 5 4 3 2 1
series of waypoints within a GPS unit.
25. 1 am confident that | can program a
robot to follow a black line using a light 5 4 3 2 1
Sensor.
26. | am confident that | can read and 5 4 3 2 1
understand maps.
27. 1 am confident that | can make a digital 5 4 3 2 1
map.
28. | am confident that | can use GPS
technologies to get to places that | have 5 4 3 2 1
never been before.
29. | like listening to others when trying to
decide how to approach a task or 5 4 3 2 1
problem.
30. | like being part of a team that is trying 5 4 3 2 1
to solve a problem.
31. When working in teams, | ask my
teammates for help when | run into a 5 4 3 2 1
problem or don't understand something.
32. 1 I|I§e to work with others to complete 5 4 3 2 1
projects.
33. I like learning new technologies such 5 4 3 2 1

as GIS.
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How interested are you in each of the jobs below for possible future careers?

Neither

Job Very Somewhat TR () Somewhat Very
Interested Interested : Uninterested Uninterested
Uninterested

1. Scientist 5 4 3 2 1
2. Engineer 5 4 3 2 1
3. Mathematician 5 4 3 2 1
4. Computer or

Technology 5 4 3 2 1

Specialist
5. Job involving

GPS/GIS 5 4 3 2 !
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4-H Robotics and GPS/GIS and SPIRIT Longitudinal Su  rvey

Today’s Date:

First Name: Last Name:

School: Age:

GradeinSchool: _ 7 _ 8 9 10 __ 11 12 __ notcurrentlyin school
Gender: _ F M

Race/Ethnicity: Check all that apply
____Asian/Pacific Islander
____Native American
____Hispanic/Latina/o
____ Black/African-American (non- Latina/o)
____White (non-Latina/o)
___ Multi-Racial
____ Other:

Years you attended the Robotics and GPS/GIS summer  camp: Check all that apply
2007 2008 ____ 2009 ___ 2010 __ 2011

Did you attend a year two camp? __ NO___YeS wmeep [fyes, what year?

CONTACT INFORMATION FOR FOLLOW-UP SURVEY

4-H/SPIRIT is interested in the courses you take in school after attending a course, camp or club
program. The following information will help us to find you in the coming years, for the follow-up surveys.
Thank you for giving us the names of people who will be able to help locate you in case you have moved.

Your email address:

Your cell phone number:

Your current mailing address:

School that you plan to attend next year (2009-2010):
____Same school
____New school (Name of new school: )
____Don'’t know

Name, phone number and address of a relative (grandparent, aunt, uncle) or friend who will know how to
contact you if you are to move:
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1§ Lorli

1) Did the robotics activities influence your decision to take more science, technology, engineering, or

ECH-21

LEwsTimi

mathematics classes? Yes No

2) Please list all the classes that you are currently taking:

Course

Name of the course

Mathematics

Science

Technology

Engineering

3) Here is a list of science, math, technology and engineering courses offered in many high schools. Mark
the courses you think you'll take some time during high school. Check one answer for each course.

Course

Very Likely

Likely

Unlikely

| don’t know

Already taken

Pre-Algebra

Algebra |

Geometry

Algebra Il

Pre-Calculus

Calculus

Chemistry

Physics

Biology

Computer

Computer Science

Earth Science

Anatomy

Environmental Science
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Course Very Likely Likely Unlikely | don’t know Already taken
Other:

Other:

Other:

Other:

4) What level of education do you think you will complete? Check one.
____High School
____ GED (General Education Diploma)
____ Community College (two-year college program)
____College (four or five year college program)
____Graduate School - Master's Degree
____Graduate School - Doctoral Degree (Ph.D.)
____Medical, Dental, or Veterinary School
____ Law School
____ Other (Please describe )

5) What do you think will be your major in college?

6) List one job that you think you'd like to have as an adult.

7) How interested are you in each of the jobs below for possible future careers?

Very Somewhat NI Somewhat Very

Job Interested nor . .
Interested Interested - Uninterested Uninterested

Uninterested

1. Scientist 5 4 3 2 1

2. Engineer 5 4 3 2 1

3. Mathematician 5 4 3 2 1

4. Co_mputer 5 4 3 2 1

Specialist

5. Job involving

GPS/GIS 5 4 3 2 1

Thank you for your participation!
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Kuder® - Career Planning for the 21st Century

(T4 [1] 2 Career Planning System

p Parents j Educators j Career Counselors p Employers

¥ KUDER.com Home
Kuder Career Search with Person Match (Interest Inventory)

Sign Up or Log In: The Kuder Career Search with Person Match helps you discover your career interests, explore occupations
beyond job titles, and effectively apply your personal interests to your career plans.
I New Users

The Internet-based assessment is completed in approximately 20 minutes and provides immediate online
) scoring and reporting. You will receive an accurate report of your career interests which provides guidance for
P Returning Users interpreting and using your results.

The report also includes the unique Person Match feature which compares your assessment results to a
database of nearly 2,000 individuals working in today's occupations. Access career sketches for the 14
individuals—7 in each of your top two Kuder career clusters—whose interests most closely match your own.
Learn about how these individuals came to work in this occupation and why they like what they do.

F Administrators

The online Kuder Career Search with Person Match report includes:

. Kuder Career Clusters ranked by how closely they match your interests. Clicking on a cluster name
provides a description of the cluster and avenues for further exploration.

. 14 Person Match career sketches—7 each in your top two career clusters—for individuals in the career
database whose interests most closely match your own. (In states that use the federal career clusters
classification system, the report provides the top 3 Person Match sketches for each of your top 5 career
clusters.)

. Links to explore occupational listings by education level within each of the clusters. Each occupation is
crosswalked with and linked directly to additional information from the Occupational Outlook
Handbook, O*Net™, and related military occupations to allow further exploration.

. Suggested steps for continuing career exploration and links to help you explore options for continuing
your education.

"u'”lm Career Search ) Rtz 1o e purtfalio
wilh Persce Madch Provided by Aatianal Career Azsessment Services, Ink.

Congrabulatsans Demtri F.0 You jon mors than §00 mdbon peophe wivd has taken & Kedent [nDerest Assessmant By reviesng your suts and follewing thi: STeps withn the report you wil lesn
hires b begin YOUT CAnBET DEDIGration DIGRSE, 45 vou mome Hrgesgh the ronort be sune b nead a1 Ho information aned answer b GUestons, We Suggest that you moview the reoort with famly,
TriderecH, Gr & Canbr Couribr.

Step I Review Your Kuder® Carcer Clusters Ranking

Doppations of jobt tan be grouced into one of six aress, Wi cad trete areat canger cushers, Your nberests have been scenticaly compared to a linge growe of counational profiles and the
rabuitd o poabicied Balaw B ocank eodar Tiom Bedn g leadr fe. Damin, St yous BTGNS S0 pour B Bwe dhuibind. Cletk on thess e rebd theer dadengtioed. A4 po ridid oadhs i ingtien thrk
abot hom Samdar the [ob MFDeS 300 10 what you meght Enjoy dowg. But remember, M @xoenences rllRnce your menests and career chosoes, and thay may change aver time. Aduits today
report having seven or more jobs 0 8 He e, bt puady the jobs reman s gne or bsro dusbers, This i why idenbfing voor Eop Bwo dusbers. is 5o smporband, Remembar Bhare ane many Gfarert
gt of obis i 0 ath of thr Suibivd. Ir 4 Somant you will bo 500 to rodd about th jobd forme paophi hind wh haggin 1 hamd vary Sevalie intenadts 1 yours.

T hidg yod) keeD traci of your top dushers, o o b ﬁ Eo phaoe Hram in pour Eudends Electrone Coarper Portfolo under "My Favonbes ™,

[Sluater ame kel Lo Megamiieos L Mighieoen |
CutdaarfMechasiced I +*
artsfCommunication I < -1
SacialfPersanal Services I, W
Sedeace fTechnizal I "
Business Dperatians I w
Galos/Managprment I i

Step 1L Meet Paophe With Interests Like Yours

When £ comes 10 choosng canters, peopie Dend 1o ondy teni in terms of job ties, rot the iIndwicuals behing therm. In 10T, MOSt CINEEr JSSESSMENLS Match you to job UUES oF DIOUpations only.
BT, voud a0 not 3 job B or Dooapation. W know that people who hawe simdar inberests find hapgsness. and tuccets in g wide range of careers. That's why we develcped Percon Match, Person
Hatch Omaaris oo PduiLs witl rdarly 2000 piophl i SHTEg eareirs. Thiy MErEert ovir B0% of (e peopationrs avadabie i I Uritod SE0008 today. Thay cosa Srom ol walls of Mo aca al
regions of tha Unied STabes. Your Person Mabth results are presenied below. Thase ane people wind have mbenests most Mo wours. Trey a8 hawe found satshing caneers, 3nd you can kam about
Hraam ke reaating thesr job shatchas. Click on e pareon you wosdd ko bo maet, Why? Becauss you micht cicoorer someone with intrrosts Boo yowrs in 3 camer you neves thought of, or youw might
Fradl gormon dorsy exdotly what you sant b do. Enhis way @ 6 & great wiy Do expbior. Even thoogh ther secupamseng miy S#er, thip 8l hava Boeversts vy noch e youl

Person Match § Person Match &
Persan Malch F Perian Maleh @
Person Match Person Match 10
Perdan Malch 4 Perian Match 11
Person Match 5 Person Match 12
Perion Malch & Perion Metch 13
Person Maich 7 Person Match 14

Srep I11, Explore Carcers By Educaticn Lavel

CHHTAT, oW You ko Wit pour 00D Twio JUSDers ant, and you hare Dien abie to redd about O O0oupatons of 14 pEophe with nberests simda to yours, Chik HERE to be dreded o an area
whasne Pl can maview informaton sbout eath duster . Chik on 4 churter name anc then sapions oooupations withen the custer, Each curber group resentt 5 vanety of oooucations sensrsted by
el Ui Wi ool dnchuation or brainirey nocmaly rguine for & pirtoulsr etusatior. By chekr on & b Bk you wil b dhctad 1 0 Sk (L prévadid igertant miommin you Faed regacdng
@30 DOOMATON SUN &5 WOring condOons, Sducabon MUNITENGS, job oUtook, Samengs, reated CCupatons and more, &5 FoU FEvw Bhis nformaton save 3§ kst of your top T DIUDALINS to

paplore I e Dodand Didcirsris Cheper Portiods undie "My Faverts Gooupatised” by chebing en tha k3 uridar Bhi cetupaban Yl A_ 105
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| .
Step I¥. Contiming Yaur Carser Explaration

Yol may hawe chosen 3 caneer ol already, buk & i stways smart bo gather mone information. [4S0US s youT results with your famedy and courdelor, Consicer coing a job shadow o inhemmeh, Tou
Ean mlerviw pesphe wha are wirkeg i dredd that el véa, srd vl Bhe Bebry &0 wis the mbernet 19 40 sadRsngl rededrch, 1T you b Ehnkiceg sbot 95 b3 colege, detanmans wHaifar
your wiuld beraf most by atendseeg a techiical tool, DoMmmerrly coBege of i 7Ou fbid & POUr yEAF OF Mone Dignit. Look ot the tecbaical educathan opporDuntas n Your S0 of i you e
consigenng colegt, wxplore Callege Majors tn rovew coleQe Drograms 3nd COFMIEONGnGg careers withen pach awa, or 9 to Callege Search to fnd colleges that ofter programs yous wank,
by 16 kg yiur Pactioh currpn, el recind Al of your saplor ition bR

v, Coday Yoo OrsCoviened FOur T INRRNEICE afvd Do T agly Your Bersonial Fesuls 1O your Caneer Sharch. Bt Thena i more That you rand 10 knaw!

1. What ane your bast shillsT (How can you use them )
2. What work wabart are medd mmecrhank ig yeu T

ou gheadd eomalets e Kiudor Sl Asgaismont and Sudir's Work Vislues Ireetorysivised, f you havent slready. By comianing your nberests, shils, and work values redults, you establsh a
b endamon o busd voor Caneer goals and plans.

Caprrkni, thank vou for completing the Kuder Camer Search with Paerson Haftch, B you have any gusitons please oorksck ws ot S00-3U4-8972 (M-F B:008M bo S00PH Certrall, smad wx ot
ACATFRACASLoam, & wiitd us 4 RAGonal Candos ASTEEamant Servaces, Ing., 210 4 Lith S2, 20 Bax 27T, Aded 1 SO0CY.

The maee you can bearn abaut youriel and the warkd of wiork, S mans Bty youll be able te identify caneors that will bring you satidaction and suscas

Back bo bog
R Ee T I S |
A of Hwensl Cars

ey SO0 1 Matiniil Earnir Kiih
VDR in & sagprtared b

BOE-And-TFF T AR it va paread
paaareand Sarviad, Ineo

For more information about development, administration, and interpretation of the interest assessment, please
see the Technical Manual

The Kuder Interests and Skills Composite Report

Once you have completed both the Kuder Career Search with Person Match interest inventory and the Kuder
Skills Assessment, an additional report, the Kuder Interests and Skills Composite Report, is automatically
generated. The results of both assessments are juxtaposed to provide you with an easy-to-understand
comparison of your interests and skills based on the career clusters. You can readily see areas where there are
consistencies or inconsistencies in the relationship of your interests and skills. The interactive report provides
information and suggestions about the relationships and how to proceed with your education and career
exploration and planning.

Proersd byt National Career Assessmeat Services, Tne
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Nebraska

Medical Center

Office of Regulatory Affairs (ORA)
Institutional Review Board (IRB)

October 15, 2009

Neal Grandgenett
107 Kayser Hall
UNO - VIA COURIER

IRB#: 443-09-EX

TITLE OF PROTOCOL: Evaluating the Silicon Prairie Initiative for Robotics in
Information Technology (SPIRIT 2.0): Phase 2 Lesson Refinement

Dear Dr. Grandgenett:

The Office of Regulatory Affairs (ORA) has reviewed your application for Exempt
Educational, Behavioral, and Social Science Research on the above-titled research
project. According to the information provided, this project is exempt under 45 CFR
46:101b, category 1. You are therefore authorized to begin the research.

It is understood this project will be conducted in full accordance with all applicable
HRPP Policies. It is also understood that the ORA will be immediately notified of any
proposed changes that may affect the exempt status of your research project.

Please be advised that this research has a maximum approval period of 5 years from
the original date of approval and release. If this study continues beyond the five year

approval period, the project must be resubmitted in order to maintain an active approval
status.

Sincerely,

gyﬂ It Toee

Ernest D. Prentice, Ph.D.
Executive Chair, IRB
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Sample Standar dized Question Set

MO018: Central Tendency
Answers: 1.C,2.D,3.D

1. The table below shows the average depth of efitte five deepest oceans and seas in the
world.

Depths of World’s Deepest

Oceans and Seas

Name ( i?lclfll::: ]
Atlantic Ocean 12,880
Caribbean Sea B.685
Indian Ocean 13.002
Pacific Ocean 13,215
Sea of Japan 5.468
What is the median depth of these five oceans aas’s
A. 13,215 feet
B. 13,002 feet
C. 12,880 feet
D 10,650 feet

2. Sina’s goal is to exercise a mean of 45 minpéeslay for one week. For the first 6 days of
the week, she exercised 35, 40, 37, 42, 45, amdiblOtes. What is the number of minutes Sina
must exercise on the 7th day of the week to reaclybal exactly?

A.

B.
C.
D

21 minutes
42 minutes
49 minutes
66 minutes

3. Jiro bowled 7 games in a tournament. The likiibshows his scores for those 7 games.
149, 160, 180, 155, 160, 137, 158

What is the mode of Jiro’s scores?

A.
B.
C.
D.

155
157
158
160

Source: MCAS: 2006, Mathematics - Grade 7
http://www.doe.mass.edu/mcas/testitems.html
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SPIRIT Field Test “Big Ideas” Content Questions

Name:

Date

Age: Schooal:

PURPOSE:We are going to ask you afew questions about science, technology, engineering,
and mathematics. Please answer as completely as possible, and draw diagrams or picturesif you
would like to do so to give more information. We will ask you these questions before and after

the robotics activities. Thanks!

PERCEPTIONS: Please show how much you agree or disagree with the following statements.
Mark the box to the right that best indicates how much you agree or disagree with the statement.

Strongly
Disagree

Disagree Neutral Agree

Strongly
Agree

1) | amgood at doing science activities.

|

2) | am good at using technology, such as robots.

i
\

|
J

3) | am good at engineering, like building things.

4) | am good at doing mathematics activities

—_y —

i
\

—

i

6) | enjoy using technology, like robotics

7) | enjoy engineering, such as building things

—y —y

i
\

\
\
i
\
5) | enjoy doing science activities. \
\
\
i

8) | enjoy doing mathematics activities

\
\
i
\
i
i
\
i

—

\
\
\
i
i
\
\

i

| Content Questions: Please answer the following. Y ou can draw pictures or diagrams.

9) What is a robot? Score:

Please explain your answer in writing, and use pictures or diagramsif desired.
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10) What is a variable? Score:
Please explain your answer in writing, and use pictures or diagramsif desired.

11) What is the engineering design process? Score:
Please explain your answer in writing, and use pictures or diagramsif desired.

A-110



12) What is a computer program? Score:
Please explain your answer in writing, and use pictures or diagramsif desired.

13) What is science? Score:
Please explain your answer in writing, and use pictures or diagramsif desired.

A-111



14) What is mathematics? Score:
Please explain your answer in writing, and use pictures or diagramsif desired.

15) How are robots used in real life? Score:
Please explain your answer in writing, and use pictures or diagramsif desired.

Thank-you for answering the questions! A-112



