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December 2012 Executive Summary
The SPIRIT 2.0 Project — Progress, Challenges, and Next Steps

Introduction:

The following is an executive summary of the
December 2012 annual report for the activities and
results of the SPIRIT 2.0 Project, as funded by the
NSF-DRK12 program (NSF #0733228). The SPIRIT
2.0 project follows an initial teacher professional
development effort that sought to help middle school
mathematics 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
completing efforts in using these trained, creative, and enthusiastic teachers in the development
of a cyberinfrastructure-based “touch point” curriculum to assist in the teaching of STEM
concepts using educational robotics. This second SPIRIT effort is completing its fifth of five
years of funding and is now entering a no cost extension period. The SPIRIT 2.0 project has
also resulted in a new educational robotics platform, called the CEENBOT, which has received
NSF Phase I production support for a University of Nebraska startup company (NSF SBIR#
0945280) and is now being routinely produced for school orders, with newly enhanced versions
distributed frequently during the last two years. This executive summary discusses the SPIRIT
2.0 project as funded by DRK 12, and how it is
systematically undertaking its curriculum and
robotic platform development efforts.

A Summary of the SPIRIT Activities and Results:

* As of December 2012, the SPIRIT 2.0 project has
lead to a new flexible, inexpensive, educational
robotics platform, called the CEENBoT (Computer
and Electronics Engineering Robot), which is now
being produced by a University of Nebraska |
startup company (CEENBOoT Inc.). This non-profit company was awarded a NSF SBIR grant,
for initial refinements in the CEENBoT production, and is now producing CEENBoTs and
filling orders from various schools and other educational organizations around the country.

* The project has now supported intense professional development activities for 420
mathematics and science teachers (primarily middle school) in educational robotics, in
extended multi-day workshops, that also led to some creative ideas for lessons.

* As of December 2012, the SPIRIT 2.0 project has led to the prototype of  [Tesson Number

. . . . . C X Lessons
an online educational robotics curriculum, that now includes more than T St

300 lessons, standards-mapped assessments, construction tutorials, robot [ Industy 158

Robotics 125

games, and a wide number of support materials, that have been Total 300
professionally edited with a team of curriculum and content experts.
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* The lesson cyberinfrastructure for the SPIRIT 2.0 Project includes an innovative modular
lesson structure, that partitions lessons into five components, including A - asking questions,
E — exploring learning, I — instructing learning, O — organizing learning, and U —
understanding what has been learned. Lessons can be
searched and combined by a teacher, along with classroom
assessments, that can be used to create a tailor-made
sequence of activities for classroom learning. Each of the
lessons are also professionally illustrated and even include
humorous content-related cartoons that further provide
insight into concepts.
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* The lesson cyberinfrastructure is also including a page of released standardized test questions
associated with many of the lessons. These sample standardized test questions are from
sources such as the National Assessment of Educational Progress (NAEP), or other
organizations that have released their items. These items can be used by teachers to test
students on the STEM concept topics covered in the educational robotics lessons.

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

 Surveys related to the SPIRIT professional development efforts with teachers have
documented positive changes in teacher perceptions of their instructional competence in
educational robotics, engineering design, electronics, cooperative 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 for the impact with students. Of the 29
groupings of students examined (N = 1058), a total of
21 classes scored above their school averages on the
related criterion referenced tests, and a total of 23
groups scored above district averages.

+ Using more consistent attitude and content assessments, results were also encouraging for
short duration pilot tests (4 hours) using a controlled time series design, with students
participating in a pilot test of individual SPIRIT lessons and activities (N = 141). A
dependent t-test showed a significant increase in STEM attitudes (t (123) = 6.92, p <.0001, d
=.62). A similar t-test for content topics showed a slight increase in scores (pre M = 16.57,
post M = 16.81); however, the content-related increases for this short intervention were not
significant (t (131) = .91, p = .36). In comparison, the control group analyses indicated no
significant increases in either category.
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» Longer duration pilot tests have included content and attitude efforts with several SPIRIT
lessons, including middle school math (N=12), middle school science (N=18), and an
engineering topics class (N=7). The math class showed improvement on the content
assessment (Pre M=13.25, S=3.98; Post M=15.00, S=3.02; t (11) = 2.83, p =.016) as well as
the attitude assessment (Pre M=127.5, S=23.6; Post M=140.3, S=17.61;t (10) =3.23,p =
.010). However, the other two classes did not show significant improvement on either
assessment, leading to refinements in both the assessments and the lessons piloted.

* Carefully organized field testing efforts have followed pilot tests done early in the project.
During the summers of 2010, 2011, 2012 and the winter break of 2011 and 2012, fieldtesting
efforts of 3 day durations with multiple SPIRIT lessons were undertaken with middle school
students in Robotic Camps held at Gross High School in Omaha, Nebraska (total N of 87
students). After a series of SPIRIT lessons, students in the field tests have showed significant
increases on selected content items (p < .05), a STEM Interest Inventory (p < .05) and on
selected questions of a STEM Coursework Interest and Expectations survey (p <.05).

* The students attending the 2010, 2011 and 2012 CEENBoT Showcases, as part of the
Nebraska Robotics Expo, took pretest and posttest surveys on engineering concepts,
programming concepts, and engineering design, as well as STEM attitudes and selected
workplace skills including teamwork and problem solving. Surveys in each year, showed
increases in several engineering concepts (p < .05), attitudes about science (p < .05), attitudes
about problem solving (p < .05), and on the overall workplace skills instrument (p <.01).

* The undergraduate CEEN department also did a pilot study with their seniors in their
undergraduate engineering program (N=27) and confirmed that the CEENBoT was a strong
contributor to student perceptions of learning in that program. This result was encouraging to
the SPIRIT project in that the CEENBoOT continued to be useful in higher education
coursework, even though its capabilities were being refined especially for middle school and
high school instruction, adding encouragement toward the goal of a flexible, K-16 use.

» Working closely with the 4-H organization and a leadership team from the University of
Nebraska at Lincoln, the project has contributed to an online virtual CEENBoT software
program, that is a robotics simulation that is being distributed nationally to 4-H clubs and
camps. Field tests of this intervention showed improvements on seven “big ideas” related to
STEM concepts in an open ended and rubric scored assessment instrument.

* The SPIRIT project is also posting STEM lessons from the NSF funded Project SHINE (NSF
#0903157) into the interactive lesson database. Project SHINE is using the SPIRIT lesson
format and has agreed to make the lessons available to SPIRIT teachers. These lessons are
focused on business/industry connections to STEM, and include a variety of robotics related
topics, such as energy, mechatronics, electronics, industrial robotics.

* Some lessons in the SPIRIT database may be used with more than one robot platform (such as
looking at acceleration) but are written primarily for use with the CEENBoT. It is hoped that
the wide variety of SPIRIT lessons, and the flexibility of the CEENBoT platform, will
encourage a wide group of teachers to visit the website and to consider educational robotics in
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the teaching of STEM concepts. We are hoping that the quality of the lessons will also
encourage them to consider the CEENBoT platform (a learning tool carefully aligned with
undergraduate coursework), as their platform of choice for educational robotics activities.

» Working in partnership with the NSF Funded GearTech21 Project (PI: Dr. Brad Barker), the
SPIRIT leadership team helped to produce and edit the book: "Educational Robotics in K-12
Education". The book is edited by Drs. Bradley Barker, Gwen Nugent, Neal Grandgenett
(CoPI: SPIRIT Project), and Viacheslav I. Adamchuk. The book was published by IGI
Global (www.igi-global.com) and was released in Spring 2012. The research-based book
contains a chapter on the SPIRIT project, as well as chapters from various projects. Authors
contributed to chapters on educational robotics from around the World.

» With the advance of new technologies, such as iPad, tablet computers, and mobile phones, the
SPIRIT project is keeping pace with the integration of new technologies. For example, there
is a development underway by the technical team to make the CEENBoT compatible with
remote control by an Android mobile phone, and development underway by the educational
team to make the lesson cyberinfrastructure available to teachers over an iPad.

* We have worked with many public and private K12 school systems in Nebraska and other
states, and have delivered robots to several institutes and universities, including the University
of South Dakota, Rose Hulman Institute, and the University of Tulsa. We distributed a
number of robots through the Advanced Manufacturing Association's Dream It Do It program
into school-based robotics clubs and classrooms. The project provides a robot in kit form for
incoming students. These unassembled robots provide students at any level experience in
mechanical assembly, electronic assembly and soldering, and programming.

* The project is working on a bootloader and firmware manager that can store up to 15
firmware images to the serial flash device, and enables boot-time selection of a firmware
image. We expect to have this new feature available by mid-February of 2012. This will aid
in teacher access of the newest features of the CEENBoT with minimal software downloads.

Project Challenges (Now being addressed in SPIRIT 2.0):

 As the SPIRIT project scales its support of educational robotics nationally, teacher training is
becoming difficult to do cost effectively. In response to this challenge, the SPIRIT Project is
beginning to offer workshops for teachers at major conferences, such as the 2012 International
Technology and Engineering Educators Conference, in Long Beach California, March 15-17,
where teachers will participate in a 3 hour workshop, to introduce them to the CEENBoT
platform and SPIRIT Lesson database. This is a more cost effective paradigm for training.

* The cost of teacher training stipends has become a significant challenge as the project has
scaled. However, teacher stipends have been leveraged with several other sources of funding,
including NASA’s Summer of Innovation funding, the Nebraska and U.S. Department of
Education, and the Nebraska Association of the Gifted, as well as several private foundations.

« It was difficult to examine academic success early in the project using existing district
criterion referenced tests, within the classrooms of the SPIRIT teachers, particularly when
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they undertook a relatively mixed set of lessons. This challenge has led to a more structured
pilot testing and field-testing efforts, with more focused pretest and posttest assessments.

* The establishment of student comparison groups was difficult in the SPIRIT project, although
a pilot comparison group of 141 students was successfully established. Few teachers and
parents wanted to be part of a traditional “control group”. To address this comparison
challenge, classrooms willing to be in a control group (and take the pretest-posttest
assessments) were provided with a large educational robotics event, following the posttest.
This has helped to recruit control group subjects.

* The use of educational robotics in STEM instruction can be seen as a significant financial
investment by school districts, involving a need for new robotics equipment. In response to
this challenge, the SPIRIT project is refining an inexpensive, flexible, and open source
robotics platform that can use scrounged parts, as well as off the shelf parts, called the
CEENBoT. This platform is attempting to steadily lower the costs for school robotics use.

* The SPIRIT project is facing the challenge of producing and repairing CEENBoTs, as well as
providing technical support, on a rapidly expanding scale. To assist in robot production and
repair, a University of Nebraska startup company (CEENBoT INC.) has been established.
The company is still early in its evolution, and it is difficult to keep pace with the demand for
CEENBOoTs by schools and other organizations.

Internet Site(s):
SPIRIT Education Components of the Website: http://www.ceen.unl.edu/TekBots/SPIRIT2/

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

SPIRIT Wiki Website for Teachers: http://educationalrobotics.wikispaces.com/

SPIRIT Video Clip Sample: http://www.ceen.unomaha.edu/TekBots/Shared/Video/jumbotron07/

SPIRIT Students YouTube: http://www.youtube.com/watch?v=I1pBN7MMhpl&feature=youtu.be

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

UNL » CEENBOT/ TekBot Stie ~ SPIRIT 2.0 Education

CEENBoT/ TekBot Robotics Programs  CEENBoT SPIRIT 20 Partner & Suppiemental
Home Showrase Fe Particionting

CEENBoT / TekBot Site

SPIRIT 2.0 Education
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Silicon Prairie Initiative for Robotics in

Information Technology 2.0
(SPIRIT 2.0)

Annual Report Narrative
December 31, 2012

Annual Report Purpose:

This document is the annual report for the SPIRIT 2.0 project, as of December 31, 2012.
It is submitted as a stand-alone evaluation report attached to the NSF FastLane system. Parts of
this report have also been entered into the FastLane system directly, through a copy and paste
process. The SPIRIT 2.0 report represents the work of many professionals engaged with the
project and provides a summary for the past curriculum development activities and results
related to the DRK12 grant funding (NSF #0733228).

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

Project Focus:

The SPIRIT 2.0 Project has continued to evolve from an initial SPIRIT 1.0 ITEST
project (NSF #0525111), which undertook three years of teacher professional development
efforts, to now involve these teachers and other education and engineering experts in an
“educational robotics touch point” curriculum development effort, as funded formally by DRK-
12 in this grant project (NSF #0733228). Both the SPIRIT efforts are consistent with the
standards-based learning discussed by many professional organizations, related to science,
technology, engineering and mathematics instruction (ISTE, 1999; ITEA 2000; NCTM, 2000;
NAS, 1996), within a rapidly expanding context of educational robotics.
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This SPIRIT Project responds directly to a growing national concern that the United
States’ educational efforts are not producing enough STEM (Science, Technology, Engineering
and Mathematics) professionals, especially as compared to many other countries around the
world. National reports such as the 2010 Rising Above the Gathering Storm Revisited, paint an
increasingly alarming picture for U.S. competitiveness in STEM areas as summarized across
educational reports and statistics (National Academy of Sciences, 2010). U.S. competitiveness
concerns relate to sample statistics such as: 51% of U.S. patents are now awarded to non-US
companies (Donohue, 2010) and that the U.S. now ranks 27th among developed nations in the
proportion of college students receiving undergraduate degrees in STEM areas (Organization
for Economic Cooperation and Development, 2009). The United States government is
becoming increasingly concerned by these alarming national statistics to the point that President
Obama, in his 2011 State of the Union Address, identified STEM education concerns as our
nation’s new “Sputnik moment.”

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

The SPIRIT teacher professional development efforts, generally preceding the
curriculum development efforts, have sought to use teacher professional development as a
driver to transform the culture of mathematics and science instruction, as well as to empower
student interest and achievement through revitalized, inquiry-based activities using robotics.
The SPIRIT teacher professional development efforts are continuing, since we recognize that
effective teacher professional development is a key variable for educational reform in
mathematics and science (Loucks-Horsley et al., 2003; Richardson, 1994) and middle school
grades are often where some of the most important general mathematics and science instruction
is undertaken (Adams et al., 2000). SPIRIT’s vision for this teacher professional development is
to continue to refine our effective teacher professional development model to support the
integration of educational robotics into the middle school; to train middle school science and
mathematics teachers in engineering design principles by the use of educational robotics; to
help teachers plan for the integration of educational robotics into regular science and
mathematics instruction; to try out lessons that they have developed for the SPIRIT curriculum;
and to try to increase student success by better reaching all of their students, in any
demographic category.

As an extension of the initial professional development effort undertaken in the first
SPIRIT project, a second project, called SPIRIT 2.0 was conceptualized to build upon the
creative synergy of these teachers, and to create a middle school educational robotics
curriculum by the end of 2013. The curriculum will comprise a set of instructional modules
organized into flexible, Internet-accessible lessons and lesson support materials. This SPIRIT
curriculum is targeting the instruction of specific topics or "touch points" in science,
technology, engineering, and mathematics (STEM). A total of 420 teachers that have now been
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trained in SPIRIT summer institutes, workshops, and graduate courses, are now routinely
contributing lesson and classroom ideas to the SPIRIT 2.0 curriculum development efforts.
Thus, the focus of the SPIRIT 2.0 curriculum effort consists of: 1) to develop a Grades 5-8
educational robotics curriculum that will enhance the student learning of STEM concepts; 2) to
refine curriculum in an extended development process, using peer editing, expert review, pilot
testing, and field-testing; 3) to integrate a series of assessments into the curriculum; 4) to extend
the newly developed CEENBoT platform with technical enhancements, hardware tutorials,
software guidelines, and a Graphical Programming Interface; 5) to create a cyberinfrastructure
support environment, including a flexible sequencing of all curriculum materials; and 6) to scale
the use of the curriculum, by use of national workshops. We have made significant progress in
all of these focus areas, and as we enter our 2013 no cost extension period, we are undertaking
final enhancement efforts to build a sustainable future for the project.

Review of Intellectual Merit and Broader Impacts:

As of December 31, 2012, and as the project has progressed from SPIRIT to SPIRIT 2.0,
the project staff have worked hard to maintain both the intellectual merit and the broader
impacts of the project, as originally described in both of the projects (ITEST and DRK12).
Those important intellectual merit and broader impact considerations are now reviewed.

The intellectual merit of
the project is represented by both
the professional development model
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 source
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 represented by the new “open source” CEENBoT robotics platform, that was initially
conceptualized in the SPIRIT project, and that is now being refined with teacher input. Further,
this teacher input has led to a robust SPIRIT cyberinfrastructure strategy for the flexible
delivery of lessons to teachers using the Internet. This further curriculum development effort of
the SPIRIT project (as supported by DR12) is creating web-based mechanisms for teachers to
select compatible lesson components by grade level, STEM topic and national standards, as
well as electronic “On-Call Technician” features that help to diagnose CEENBoT malfunctions
and guide teachers in repair and maintenance strategies. The overall SPIRIT project has also led
to several relationships with school districts that have pilot tested and field tested the evolving
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curriculum resources and that work is continuing nicely to refine the curriculum and to
investigate the impact of its use with students.

The broader impacts of the project have focused on supporting the use of educational
robotics in any school district across the country, toward a more creative learning of
mathematics and science at the middle school level. The use of an “open source”, less
expensive, more flexible, and more realistic robotics platform (the CEENBoT), than is available
in the commercial setting, that is also supported by a free, engaging and online curriculum,
allows for a broader participation by schools in educational robotics. Further, by helping
SPIRIT teachers (who have participated in extensive educational robotics professional
development) to systematically contribute to the evolving educational curriculum, the
curriculum activities can more effectively address classroom realities, and build upon the
natural creativity and ideas of these experienced teachers. These SPIRIT teachers are also
becoming local, regional, and potentially national, “role-models” for the use of educational
robotics in STEM instruction, and as of 2012, are also now assisting in leading national
workshops, such as a national workshop at the recent 2012 International Technology and
Engineering Educator’s Association Conference (ITEEA) and workshops hosted in various rural
areas by the Nebraska and National Associations of the Gifted. This consistently expanding
SPIRIT network of teachers is also becoming a significant source of experience, guidance, and
encouragement to enhance the curriculum and is now supporting the pilot testing of individual
lessons and the field-testing of multiple sets of lessons within typical classroom settings. The
ideas of these innovative SPIRIT project teachers have already been directly integrated into the
evolving curriculum and its resources, that now includes teacher lessons, support materials,
assessments, sample standardized test questions, technical tutorials, teacher professional
development guidance, and an interactive cyberinfrastructure support environment. As the
project continues to expand and evolve, the SPIRIT project also promises to support a greater
general awareness and appreciation of engineering and technology (representing the T&E of
STEM), as these two disciplines connect to innovative science and mathematics instruction

The Initial TekBot Platform:

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

The New CEENBoT Platform:

Our work in the SPIRIT project has led us
to develop a new educational platform that was
similar to the TekBot, but significantly enhanced
and expanded, as well as more readily modified by
students, called the CEENBoT. This platform was
more compatible with the rough handling by
middle school and high school students. The
versatility of the platform allows for a greater v
diversity of learning environments including in- R
school, afterschool, at-home and university settings.

Relative to the VEX and the LEGO robot,
which are advanced consumer toys with simple “drag
and drop” programming software and limited exposure
to electronics engineering design, the CEENBoT
offers a more modifiable platform, in various versions,
with non-proprietary off-the-shelf (OTS) electronic
hobbyist components for creative learning, involving a
diversity of possible activities from hardware
implementation, experimentation and software
language development, all in an “open source context”
that is completely open to user experimentation.

Relative to the
TekBot learning platform (developed by Oregon State
University), the SPIRIT Project’s CEENBoT also offers a more
robust platform for learning that is more durable and rugged for
extended activities, is less prone to accidental damage, and comes
with a larger prototyping board to help students to design possible
enhancements. The CEENBoT also uses more rugged motors and
steering components. Both a multi-board and single board version
1s available, as shown above.

The CEENBoT was developed by engineering faculty and
students at the University of Nebraska’s Department of Computer
and Electromcs Englneerlng, building upon feedback from SPIRIT Teachers in K-12, and
working closely with the faculty of the University of Nebraska at Omaha's College of
Education, which has helped to synthesize suggestions related to the CEENBoT's current
successful migration into the K-12 environments and strong embrace by middle school teachers
and students. As we enter the 2013 no cost extension period for the SPIRIT project, the
CEENBOT is rapidly expanding in both its technical and software related features, as well as the
online educational lessons and other materials supporting the platform.
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Participants

1. What people have worked on your project?

The following people represent the leadership team for the SPIRIT project:
PI: Dr. Bing Chen, Computer and Electronics Engineering (CEEN), Peter Kiewit Institute
CoPI: Dr. Neal Grandgenett, Teacher Education, University of Nebraska at Omaha
CoPI: Dr. Elliott Ostler, Teacher Education, University of Nebraska at Omaha
Senior: Dr. Bob Goeman, Teacher Education, University of Nebraska at Omaha
Senior: Mr. Dennis Deyen, Engineer and CTO, CEENBoT, Inc.
Senior: Mr. Roger Sash, Computer and Electronics Engineering, Peter Kiewit Institute
Senior: Ms. Alisa Gilmore, Computer and Electronics Engineering, Peter Kiewit Institute
Senior: Mr. Herb Detloff, Computer and Electronics Engineering, Peter Kiewit Institute
Senior: Mr. Steve Eggerling, Computer and Electronics Engineering, Peter Kiewit Institute
Senior: Mr. Bill Schnase, Teacher Education, University of Nebraska at Omaha
Senior: Ms. Brian Sandall, Mathematics Teacher, Westside Community Schools
Senior: Mr. Ken Townsend, Computer and Electronics Engineering, Peter Kiewit Institute
Senior: Mr. Jim Harrington, Mathematics Supervisor, Omaha Public Schools
Senior: Dr. Chris Schaben, Science Supervisor, Omaha Public Schools
Senior: Mr. Steve Hamersky, Physics and Technology Specialist, Omaha Catholic Schools
Senior: Dr. Gwen Nugent, Educational Researcher, University of Nebraska at Lincoln
Senior: Mr. Bill Schnase, Teacher Education, University of Nebraska at Omaha
Senior: Mr. Jim Wolfe, Teacher Education, University of Nebraska at Omaha
Senior: Dr. Paul Clark, Teacher Education, University of Nebraska at Omaha
Senior: Dr. Carol Engelmann, Evaluation Consultant, Omaha, Nebraska
Senior: Mr. Jeff Jensen, Engineer and Teacher Specialist, CEENBoT, Inc.

In addition to the Project Leadership Team, a total of 420 teachers have now been fully
trained in the SPIRIT project and many of these teachers have been actively involved in the
SPIRIT curriculum development activities. Of the teachers trained to date, a total of 45% are
male and 55% are female. The project has been very pleased with its female teacher
participation, since one of the long-term interests of the project has been to increase the number
of female role models in STEM.

2. What other organizations have been involved as partners?

The Omaha Public Schools (OPS) remains a strong K12 partner in the SPIRIT Project,
and has contributed significantly to the teacher professional development planning and
curriculum interactions of the SPIRIT effort. OPS enrolls more than 50,000 students in urban
neighborhoods and is an ideal partner in the SPIRIT 2.0 DRK12 curriculum development efforts
and the related pilot testing and field testing of the educational robotics curriculum. Nearly
80% of the state's African American students, 60% of the state’s Hispanic students, and 35% of
the state’s Native American students are enrolled in OPS. At least 90 languages from across the
world are spoken within the homes of the OPS district.

In addition to OPS, the SPIRIT project has established a close working relationship with
the Metropolitan Omaha Education Consortium (MOEC), which also includes OPS, for various
curriculum pilot testing and field-testing efforts. MOEC is a collaborative organization
involving the University of Nebraska at Omaha, the thirteen metropolitan area school districts,
and two educational service units. The MOEC consortium involves nearly 100,000 students,
and is a catalyst for identifying high priority issues common to member organizations. MOEC
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has offered to help communicate with area school districts and to help to identify potential pilot
testing and field-testing sites within their consortium, as the SPIRIT 2.0 project becomes ready
to test and refine the new curriculum.

Educational Service Unit #3 in Omaha, Nebraska has also become a valuable partner in
the SPIRIT project in teacher recruitment and in providing a general awareness of the project
within MOEC. ESU#3 has also been a key partner in helping us to establish various control and
comparison groups for our curriculum pilot testing and field-testing strategies. Some initial
efforts at pilot testing and field-testing have already been undertaken and more are planned as
part of the SPIRIT 2.0 curriculum refinement efforts. In one of the key pilot testing efforts to
date, which has used a time series design (explained later in the report), ESU#3 asked a
designated mix of teachers to have their students take the project’s pretests and posttests in a
specific period of time (without using the robotics materials). Then after the posttests were
completed, the SPIRIT project held a three to four hour robotics event at ESU#3 for all the
participating students and teachers in the comparison group, where some specific SPIRIT
lessons and activities were piloted. This provided a convenient set of student comparison data,
while also providing some instructional benefits for control students, after the comparison group
data was received. We also undertook several class sized field tests during 2010, 2011 and
2012 (described later in the report), and are also planning an expansion of those efforts during
2013, where the individual SPIRIT lessons will be further pilot tested, and sets of SPIRIT
lessons will be field-tested in the systematic curriculum refinement efforts of SPIRIT 2.0.

3. Have you had other collaborators or contacts?

As of December, 2012, the SPIRIT Project :

. Project SHINE - Problem-Based Lessons
has continued a close lesson development Percentage by Business Sector - 2010-11
partnership with Project SHINE a recently funded
NSF Advanced Technological Education (ATE)
Project at Central Community College in Nebraska
(NSF#0903157). Project SHINE is developing
STEM lessons that have a business theme to them,
with many of the lessons related to industrial
robotics, energy, manufacturing, or mechatronics.
These lessons have a strong business connection to
them and businesses worked with the teachers to

develop the lessons. The SPIRIT team is working closely with Project SHINE to put the
lessons developed into a compatible AEIOU lesson format so that the lessons can also be added
to the SPIRIT lesson database. In this way, SPIRIT teachers can springboard from their
educational robotics activities, into related STEM activities (such as mechatronics, electronics,
industrial robotics, energy, etc.). A total of 183 SHINE lessons have now been added to the
SPIRIT database, with nearly 50 more in the pipeline, for eventual free use by teachers.

The Peter Kiewit Institute (PKI) has remained a strong collaborator throughout the
ITEST professional development funding and continues as a strong partner now into the SPIRIT
2.0 curriculum development funding. PKI facilities include two academic colleges, the College
of Information Science and Technology (University of Nebraska at Omaha) and the College of
Engineering (University of Nebraska-Lincoln) of which the Department of Computer and
Electronics Engineering is a member. With 2,500 total students engaged in IT in programs
leading to a Ph.D., the PKI forms a powerful educational entity with considerable regional
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outreach and has strong corporate support, approaching $250 million. In addition, through its
Technology Development Corporation, PKI is affiliated with the Scott Technology Center,
which is a technology park within the PKI complex.

As envisioned in the initial proposal, the UNO College of Education took an aggressive
educational leadership role in the teacher professional development and lesson development
efforts in SPIRIT. That expertise is now focused on the curriculum development efforts for the
SPIRIT 2.0 project and the related DRK 12 funding, but teacher professional development
continues. In many ways, this represents an important sustainability step for the project, since
the SPIRIT educational effort continues to grow and evolve under the direct collaboration and
interest with teachers. The College of Education is well suited for this management role and
project sustainability, and has undertaken successful curriculum and teacher professional
development projects for the past fifteen years beginning with NSF funding as a Center of
Excellence in Research, Teaching and Learning (1995-2000). Additional leadership was also
undertaken in a NSF Urban Systemic Program (2000-2005). The UNO College of Education
has also received national awards for its curriculum work, including the Great City Schools
Leadership Award (2004) and the NASA Mission Home Award (1995).

During 2011 and 2012, the SPIRIT project also continued a nice working relationship
with the Nebraska Advanced Manufacturing Coalition (NAMC) and their STEM outreach
project, called “Dream It - Do It”. In this collaborative effort, the NAMC is already funding a
large set of CEENBoTs for seventeen different rural school districts and expects to fund more
schools as the project evolves. Lead teachers from each of the seventeen districts have now
been trained (again at NAMC expense). These teachers will undertake selected SPIRIT lessons
and activities, in support of their classroom educational robotics integration, as well as our
curriculum pilot testing and field-testing efforts. A brochure announcing this important
partnership, as well as information about the NAMC and its business and industry
representation, is included in the appendix of this report.

Further, recent work in Fall 2012 has undertaken some efforts with the Nebraska
Association of the Gifted (NAG), to undertake further field tests of the SPIRIT curriculum, and
further teacher training efforts. NAG has also helped in holding teacher training-related
workshops and field-testing efforts in several rural areas, with consortiums of small schools.
This rural schools support work will continue and expand into the 2013 no cost extension
period, with additional robots supplied to schools in larger classroom sets.

Project Activities and Findings

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

Technical Research in SPIRIT:

While undertaking the early SPIRIT educational robotics efforts, our team initially
found that there were some significant limitations to the educational platform that we were
originally using, that of the TekBot from Oregon State University. Although realistic from a
computer and electrical engineering perspective and able to indeed add scrounged electronic
parts, the TekBot was far too brittle for the rough handling of middle school students, and the
small size of the TekBot made adding new components difficult (such as a robotics arm).
During the last year of the ITEST project, and continuing with the DRK 12 efforts, we have
designed our own “open source” educational robotics platform called the CEENBoT (Computer
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and Electronics Engineering Robot) and we are continuing to improve and refine the CEENBoT
as part of the continued SPIRIT 2.0 effort.

There has been significant research and design progress on the enhancements to the
CEENBOoT educational robotics platform and its technical options, during the SPIRIT teacher
professional development efforts, and now into the further curriculum design efforts. The
CEENBOT represents the development of a more rugged and flexible platform for student
experimentation and enhancement. It can include different chassis features (wheels, supports,
etc.) as well as different microprocessors and sensors. There is now a 324 CEENBoT that is
currently available as well as a new ARM 9 version. The 324 CEENBoT includes a number of
operating modes for different levels of K-12 education: wireless remote controller, bump bot
operating mode, Application Programming Interface or API (in beta test stage), TI graphing
calculator mounted on a CEENBoT (in beta test mode) and an open source Graphical
Programming Interface (GPI). Both the 324 and ARM9 were designed to accept a Global
Positioning System (GPS) for GPS navigation activities. The ARM9 was chosen for its ability
to operate with a Linux based operating system. Providing a
robotic platform with an open-source operating system such as
Linux opens the base of peripherals and applications to those more
commonly suited to computers. Typical peripherals supported
include WiFi wireless networking, CMOS cameras, keyboards, etc.
This ARM 9 CEENBOoT includes a new Lithium Iron battery supply
with longer run times through a more reliable and energy efficient
circuit design, compatibility with Lego Mindstorm sensors, icon
driven programming options, LabVIEW compatibility,
interchangeability of the ARM family of microprocessor platforms,
an enhanced graphical programming interface, and simpler
assembly options in kit form. ‘

As of December 2012, the SPIRIT team has also developed a drag and drop graphical
programming environment allowing creation of visual programs to control the robot. For
middle and early high school mathematics classes, we also have a version of firmware that takes
programmed commands from the Texas Instruments line of graphing, programmable
calculators. For additional advanced programming, we have a C language API that makes
writing programs to control the robot in C, fairly simple. For the most advanced students, the
robot can be programmed in C using the AVR Studio package or the open source Eclipse
development environment. One of our next development efforts for 2013 is a bootloader and
firmware manager that stores up to 15 firmware images to the serial flash device, and enables
boot-time selection of a firmware image. We expect to have this new feature available by mid-
February of 2013.

In addition, work is underway in 2013 to establish a more rigorous production process
for the CEENBOT and to refine the educational robotics technical tutorials, schematic diagrams,
and instructional videos/clips associated with building the CEENBoT. These technical
resources, like the educational lessons, will soon be deliverable to teachers within the flexible
online retrieval environment that helps teachers to select the technical documents that are the
most relevant to their educational context and to their classroom goals. It is important to note
that the technical research surfaced in the early SPIRIT efforts as a result of significant
problems with the TekBot rather than as an initial goal in the project. However, we feel that the
transition to the CEENBoT and its continued development has been a very important and very
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positive outcome of SPIRIT to date. The CEENBoT platform has been widely embraced and
there continues to be a waiting list of delivery orders.

Modular Lesson Development and Cyberinfrastructure:

As of December 2012, the SPIRIT cyberinfrastructure is continuing to be refined around
a unique modular and flexible approach to lesson retrieval for teachers related to educational
robotics. This cyberinfrastructure was initially conceptualized by teachers undertaking SPIRIT
professional development, and is now being refined in the SPIRIT 2.0 curriculum development
efforts as funded by DRK12. In the SPIRIT cyberinfrastructure, the Science, Technology,
Engineering, and Mathematics (STEM) disciplines are being integrated through the
instructional use of robotics that strongly support the learning of STEM concepts that are
already taught at the middle school level. Thus, the SPIRIT robotics curriculum is being
mapped to curriculum "touch points" where teachers can use robotics to illustrate middle school
STEM concepts, such as an algebra teacher teaching the concept of slope while investigating
the steepness of a ramp that a robot can successfully transverse. A total of more than 300
lessons (along with support materials) have now been fully developed and are resident in the
SPIRIT cyberinfrastructure system, which is continuing to be refined. This new
cyberinfrastructure system, as well as the lessons and materials stored within it to date, are more
fully described later in the results section of the report. A core set of lessons relate to
introductory algebra and middle school science, and many any of the lessons involve a variety
of integrated STEM concepts. Lesson development will continue into the SPIRIT 2.0 efforts,
and lesson pilot testing and curriculum field-testing is also being undertaken as part of the
curriculum development efforts. STEM topics are also being added and expanded as the current
SPIRIT lessons are further tested and modified for efficiency within the cyberinfrastructure
environment.

The SPIRIT lessons are using a modular design created by the education team (referred
to as the AEIOU method) that allows for the lesson components to be interchangeable and
selected by teachers based on individual lesson needs. The AEIOU components include A-
Asking Questions, E - Exploring Concepts, I - Instructing Concepts, O - Organizing Learning,
and U - Understanding Learning (or assessment). With this AEIOU strategy, a well-established
base of critical and well done lesson components will allow for a flexible retrieval of lessons
and lesson components, as desired by a teacher using the curriculum. The AEIOU method
allows a user to select individual components of lessons within a five-part model of lesson plan
construction, so that each component can stand alone, or can be easily removed from a lesson if
desired by a teacher, or can even be replaced with a component of the same type, for a slightly
modified lesson. A sample lesson is included in the appendix. The AEIOU lesson components
are further detailed in the following description.

SPIRIT Lesson Format:

A — Asking questions: This component is designed to facilitate an initial classroom
interchange of questions and ideas. An A component may include a prompt-type
question in an engineering or scientific format as a model of good questioning.
These A components may also include video clips, graphs, scenarios, and other
hooks to empower students to become curious and ask questions.

E — Exploring concepts: This component helps students to study, experiment,
conjecture, and to instructionally play with the robotics equipment in the context of
the questions that were asked in the A component.
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I —Instructing: This component is the key component of the lesson plan and is designed
to instruct students in the formal core processes of the STEM topic that they are
studying. Many of the I components are designed to service a broad range of grade
levels by separating topics into vertically articulated units: recognizable terms,
conceptual terms, mathematical terms, process terms, and applicable terms. For
example, beginners might explore a topic like slope through recognizable terms such
as “steepness” whereas advanced students might touch on the application of slope by
exploring changes in slope based upon what they see the robot do during ramp or
various movement experiments.

O — Organizing learning: This component is designed to allow students to participate in
a guided practice environment where they might create graphs, develop charts, solve
problems, and make decisions based upon what they have learned from the 7
components as well as what they have observed from their questions and
explorations in the A and E phases.

U — Understanding: This component is designed around effective ways to assess how
well the various I components have been addressed for students. The U components
include a number of unique assessment instruments that range from short quizzes,
games, to tests and worksheets, to projects, to interpretive writing.

The AEIOU lesson components are also being “tagged” and arranged within an
electronic database of similar components to fit the needs of an individual instructional topic, or
each I component. For instance, for a given instructional topic such as slope, there may be
many of each of the other vowel components that are tagged to fit that particular I. A teacher
may chose, at their discretion, from among those components that best fit their needs, guided by
the interactive website. Once the individual components have been selected by the teacher, the
website will further help the teacher to organize the components into a cohesive set of lessons
including all of the ancillary documentation (i.e., worksheets, web links, assessment
instruments, etc.) and then print this set of individualized curriculum materials.

The editing process for lessons has been very systematic and extensive. Each lesson is
carefully edited, by use of a review team that includes a peer teacher, a content specialist, a
professor of learning research, and a technical writer. A diagram flowchart of the lesson writing
and editing process is included in the appendix.

The Use of Standardized Test Questions

As of December 2012, the SPIRIT project has also continued to integrate released
standardized test STEM content questions into the assessment options for teachers. The
selected sample assessment items are matched to the ‘I’ component of the lesson sections. The
matched items are multiple choice items that are selected from released international (e.g.,
TIMSS), national (e.g., NAEP), and state assessment sources. Permissions are systematically
being sought for the use of the items, but most are non-copyrighted. These items are intended as
examples of the sorts of questions that can be used to assess student learning in the topic. Future
enhancements to the assessment system will also allow teachers to create a customized test of
standardized test items. Strategies are being explored and conceptualized that might permit the
items to be automatically scored. Such a future system might then provide reports to the
teachers on the performance of their students. Most of the “I” components of the lessons will
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have a set of 3 to 4 standardized test questions associated with them, representing a page of
sample test items. These questions can be accessed off of the SPIRIT website.

For some of the further field tests to be undertaken in 2013, we will select a pre/posttest
from the released items on approximately four topics. Each pre/posttest will comprise 25-30
items on the topic. To ensure the reliability of the assessment instruments, we will run item
level statistics (p-value and point-biserial) and test level (reliability coefficient) analyses. Items
that perform poorly will be modified or deleted from the final instrument. The test will be
administered to students prior to participation in the summer program and at the end of the
programs. We will analyze gains in learning from pre to posttest and test for significance (t-
test). To ensure that the observed gains are attributable to the intervention, rather than just
test/retest effects, we will also administer the pre/posttest instrument in another summer
program that is not focused on the topics covered in the field test. The time between the pre and
posttest will be the same as for the intervention group. Then learning gains for the intervention
group can be adjusted for the test/retest effects.

Professional Development with Teachers:

Teacher professional development has continued aggressively in the SPIRIT project into
2012 and now into 2013 for a total of 420 teachers trained to date, in various subgroups, each
who had been surveyed on their instructional impacts. For example, as part of the original
SPIRIT teacher professional development efforts and that now forms a foundation for more
extensive curriculum development in the DR K12 project, survey research was conducted with
97 teachers that attended the first three years of the initial SPIRIT professional development
efforts, as well as 21 teachers that attended a fourth year of professional development in
Columbus, Nebraska. The fourth year of professional development at Columbus was
undertaken at no cost to NSF, at Central Community College, due to a grant that they received
from the Nebraska Department of Education. Another 93 teachers participated in SPIRIT
related graduate classes at UNO. Another 209 teachers have been trained in multi-day
individual school efforts, and supported by organizations such as Dream It Do It, the Nebraska
Association of the Gifted, and various national conferences. Thus, a total of 420 teachers have
now participated in either an extended summer workshop, in multi-day school-based sessions,
or in a project-related graduate course.

Such trainings are continuing to expand the base of the SPIRIT teachers able to
contribute to curriculum development, as well as pilot testing and field-testing efforts. The
ongoing strategy of these teacher professional development sessions were to introduce the
teachers to engineering principles and basic electronics, as well as to show them how to
construct the robot and to generate lessons ideas and draft lessons for incorporating educational
robotics into their own STEM instructional responsibilities. Topics covered included problem
based learning; the educational advantages of STEM integration; the discipline of engineering; a
comparison of the scientific method to the engineering process; the engineering design process;
engineering design tools; and the use of an engineering notebook. Other more technical topics
covered included assembly of the robot itself; electrical circuits; motors and electrical
components (such as resistors and capacitors). The results of these professional development
activities, related to teacher perceptions, are provided in the results section of the report.



Data Collection with SPIRIT Students and
Comparison Groups:

Continuing in 2012 and now into 2013,
the SPIRIT project has collected a range of data
with students both 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-

testing process, building upon what was learned in the early pilot testing of early draft lessons.
The results and discussions of these data analyses are included in the results section. The data
analysis activities that have occurred with students to date are summarized below, and are
separated by efforts undertake early in the project, and the more sophisticated later efforts.
Many of these analyses used a control or comparison group, but could not be randomly
assigned, due to district restrictions. The results of these initial pilot test analyses are further
discussed in the results section of the report and have 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 (CRT) | N=1058 | School and district Encouraging, but CRT scores for
(Compared the CRT scores for students mean Scores for the | 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 before 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, with
class and eight SPIRIT lessons) comparison group particular content increases in math.
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 control | Some improvement, but not
(Examined a full semester 9™ grade data from the time significant, on content and attitude
engineering class and eight lessons) series design. assessment instruments.

As the curriculum has continued to be refined, the project has been able to expand the
field-test efforts, and to undertake multiple sets of SPIRIT lessons with a particular group of
students in a more careful research design. This allows the individual lessons to be refined,

along with the curriculum itself.

SPIRIT Field Testing (Types of Student Data Collected in 2010-2012 Phases of the SPIRIT Project)

Type of Student Data Collected

N =

Comparison Group

Results (explained in results)

Summer 2010 Robotics Field Test
(Middle School Robotics Camp
compared content and interests
assessments in a three day camp)

N=29

Students were their
own comparison
(Time series)

Significant increases on a content

test, interest test, and survey about
future STEM coursework students
were interested in taking.
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Virtual Robotics Test 2010 (Middle) N=28 Students were their Significant increases on a content
(A Virtual CEENBoT 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
Showecase of the Nebraska Robotics participants in after- | solving attitudes, and a general
Expo were surveyed for STEM interests) school clubs assessment of workplace skills.
Holiday 2011 and 2012 Robotics Tests N =137 Students were their Significant increases on computer
(Middle School Robotics Camp N=25 own comparison programming concepts, workplace
compared content and interests (Time series) skills, and STEM interest
assessments in a three day camp) assessments, during both years.
Lewis & Clark Field Test 2011 & 2012 N=46 Students were own Significant increases on STEM “big
(Middle School Robotics lessons N =43 | 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 & 2012 N=21 Students were their | Small but significant increases on
Robotics Field Test N=28 own comparison computer programming and sensors

(Middle School Robotics Camp
compared content and interests
assessments in a three day camp)

(Time series)

concepts, attitudes toward STEM
and interest in STEM careers.

Further Data Collection with SPIRIT-DRK12 Students (Expanding data efforts):

Moving into 2013, the student data collection and analysis continues as the SPIRIT
curriculum development evolves and now expands into more refined pilot and field-testing.
Building upon what was learned early in the project, the SPIRIT 2.0 project is now undertaking
more extensive educational robotics lesson pilot testing and curriculum field-testing with
various sets of lessons. The SPIRIT Project is continuing under IRB approvals (IRB 443-09
EX) for these efforts to undertake more refined pilot and field-testing within the Metropolitan
Omaha Education Consortium (MOEC), which is a diverse set of 13 school districts within the
Omaha metropolitan area, representing more than 100,000 students. The pilot testing of
individual lessons lasts approximately 1-3 hours, while field-testing a group of individual
lessons may involve from 5 to 40 hours of instruction, in larger events such as in summer camps
or in regular classes within the academic year.

As the SPIRIT pilot testing and field-testing efforts are expanded in 2013’s no cost
extension period, we are building upon what we have learned in early efforts in the project. The
lessons that have been targeted for further pilot testing and field-testing will focus directly on
core STEM topics already being taught within the typical school curriculum. This pilot testing
process, expected to continue during the duration of the SPIRIT 2.0 project, will seek teacher
volunteers each semester, within MOEC to pilot test at least three educational robotics lessons
with students in their classes. The students will take a pretest and posttest on core robotics-
related STEM concepts, as well as an attitude assessment on science, technology, engineering,
and mathematics (STEM) interests. The educational robotics lessons will then be refined based
upon this feedback. The assessment instruments are from a partnership with the NSF ITEST
GEAR-Tech-21 (NSF #0833403) project and have been previously tested for reliability and
validity. We are also using released standardized test questions, as well as open form
questionnaires scored with rubrics. These assessments are described further in the results
section, and represent focused collaboration between the two NSF educational robotics projects.

In support of the initial student comparison group process, in 2009 and 2010 we
established a set of classrooms that took the assessment instruments as a pretest-posttest
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baseline, with no robotics activities to get foundational data for no intervention. This group
then took the assessment again after a short educational robotics intervention of about four
hours. These “control groups” took the assessments a total of three times, which included
taking the assessments one to two weeks apart, and then a third administration of the
assessment, after the four-hour mini-intervention, to reward the students and their schools for
their comparison group participation. The four-hour intervention essentially piloted SPIRIT
lesson components as well as introduced students to educational robotics in a fun, hands-on
setting, in which the whole school could participate. This “event” also allowed the project to
retrieve data on the effectiveness for the four-hour intervention to potentially impact the STEM
content and attitudes of the students. The results of these mini-intervention sessions are
described in the results section of this report. This successful control group strategy is being
continued for selected efforts of into SPIRIT curriculum testing and refinement process.

Beyond being a reward for the data retrieval process, the series of short-term three or
four hour mini-interventions were also conducted with the intent to briefly introduce youth to
robotics through the use of hands-on experimentation. While we did not expect such a short
duration post-control group session to have lasting conceptual learning, we did expect that this
introductory experience might provide some initial excitement for youth about robotics and
perhaps even increase their interest in robotics. It also functioned as a recruitment process for
further control group sessions and to encourage teachers to be trained in SPIRIT professional
development sessions. As the pilot and field-testing continues to expand in 2013, the content
and attitude assessments of these longer duration groups will be contrasted with this expanding
comparison group of students who do not receive any robotics instruction between the pretests
and posttest assessments.

Further SPIRIT Pilot Testing and Field Testing Procedures Plans:

As of December 2012, we have learned a lot in SPIRIT about working with teachers and
students, which have allowed us to strategically evolve from local teacher professional
development to national level curriculum development and refinement. As the SPIRIT 2.0
project undertakes further pilot testing of individual robotics lessons, we are refining our
procedures for pilot testing. In these efforts, teachers from the Metropolitan Omaha Education
Consortium who have previously attended a summer SPIRIT Educational Robotics Institute are
being asked to volunteer for the lesson pilot testing process, by use of an e-mail to the list of
these 420 trained teachers. If a teacher is interested, they send a return e-mail to the SPIRIT
project stating their interest, experiences, and general background, which is reviewed by the
research team, and if appropriate at teacher is invited to do a well-focused review of the lesson.
In this process, we then agree to support the teacher by sending a graduate student to help with
activities such as videotaping the lesson, administering some feedback forms, and loaning extra
CEENBOoTs if needed. This instructional support appears to be enough incentive for teacher
participation, since the teacher gets an extra “pair of hands” and some materials to help support
the lesson in the classroom.

If selected to participate by the research team for further pilot testing, the SPIRIT
teachers are also invited to various Saturday morning meetings, describing the lesson pilot
testing process and discussing the approval procedures. If they agree to participate after this
overview session, the teachers sign a consent form for pilot testing, along with participating
students (and parents). Teachers pilot educational robotics lessons of their choice, from the
database of educational robotics lessons (http://www.ceen.unomaha.edu/TekBots/SPIRIT2/).
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Teachers distribute consent forms to their students, to be signed by parents and returned to the
teacher, and then to the researcher. Teachers and students complete a short survey feedback
form after the pilot testing process to provide lesson refinement suggestions. If appropriate,
students may also be asked to take a pretest and posttest on their interests and content,
particularly if multiple lessons are pilot tested. If significant work is involved in the pilot
testing, the participating teachers may also receive a university voucher for $100 to sign, which
will initiate project payment for their participation in this lesson evaluation activity.

The consent form for pilot testing describes that the educational robotics lessons will be
relatively short in duration, interesting to students, and that the lessons will map to standard
educational content already within the students’ curriculum. The consent form also provides
background information on the possible assessments to be given to the students. These short
assessments represent at most, and another 60 minutes of student time. The student assessment
instruments that are now being used in the SPIRIT project are well-developed instruments, and
represent some significant improvements over earlier instruments used in the early phases of the
SPIRIT project. They have been developed in collaborative work with the GEAR-Tech-21 NSF
Project, under the direction of Dr. Bradley Barker (NSF #0833403) and have been previously
used and validated within a variety of educational settings, summer camps, and after-school
programs including previous work within the MOEC area schools (Barker, Nugent,
Grandgenett, Hampton, 2008).

In the further field-testing efforts planned the participating teachers remove any student
names, on all the assessments, before sending them to the SPIRIT project researchers. They use
a numeric ID for the names, such as Student 1, Student 2, etc. However, consent forms will
continue to retain the student names when they are sent to the researchers. Thus, consent will
be able to be verified by name, but student assessment data will not have any names attached to
this information. The pilot testing and field-testing results to date are described later in the
report in the various results related sections.
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Online Course Development:
As of December 2012, an ongoing effort of the SPIRIT project is also to initiate an
online approach to teacher professional development, as represented by online graduate courses
and online components of in person or blended graduate courses. The online course and course
components focus on teaching educational robotics to interested STEM teachers across the
nation and for the offering of graduate credit, as a way to extend and sustain the teacher
professional development initially conceptualized for the SPIRIT grant. The pilot offering of
the online course was done as a face-to-face offering during the summer of 2008 and since then,
modifications of the course or its various online module components have been offered through
December of 2012, with expectations for more extensive offerings in the summer of 2013.
Several offerings have used a blended course format (some instruction done in person and some
done online). The course is entitled “TED 8010 Seminar in Education: STEM Robotics” and is
a three credit hour graduate course designed for any level of elementary, middle, or high school
teacher. In addition, “TED 8410 Improvement of Instruction in STEM”, as well as “TED 8970
—IT and STEM Working Connections” have used various online components of the course.
Some courses and modules have included the building a CEENBoT from a kit as well helping
teachers to develop a set of educational lessons for their own classroom use. Other graduate
courses and modules have used the online SPIRIT cyperinfrastructure as a way to have a
focused online component for teacher training and curriculum development. Already, the
courses and modules, particularly in an online independent study format, are available
nationwide, to teachers interested in taking the course, as well as for supporting their learning
about the use of educational robotics. The CEENBoT is also being integrated into a new
“Seminar in K12 Engineering Education” that will be offered in a blended format in 2013.
During these graduate course experiences, students are expected to think about STEM
and educational robotics teaching, learning and curriculum writing in creative ways, focusing on
not only improving student learning, but also on sparking student interest. Another optional
activity in the course or course modules is for teacher participants to identify a compatible
selection of SPIRIT lessons and to use them with learners. These courses and course
components are a model for future course offerings within a national context, which also might
involve community colleges. For example, a community college instructor in another state
could teach several sessions locally (supporting CEENBoT construction) and a UNO College of
Education professor could teach the on-line sessions (supporting curriculum development). The
enrolled teacher could get graduate credit from UNO, and the community college instructor
could receive an instructional stipend for assisting with robot construction in the course. Finally,
this course model will strive to help educators to better understand what it takes to teach with
the robots, the advantages of such instruction, as well as the challenges faced for such STEM
learning environments.

Virtual CEENBoT Collaboration:

A team from the Global Challenge Project, led
by Dr. David Gibson, has created a virtual CEENBoT
simulation program that will soon be available and
particularly targeted at 4-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
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software program that has been developed within the context of an overall curriculum
development grant led by Dr. Brad Barker (University of Nebraska at Lincoln) and funded by
the National 4-H Organization, that targets providing students with a general introduction to
robotics in a virtual world. The application has been developed as an educational game in
which students work in a virtual laboratory to investigate the nature of robotics and then build
and test a virtual CEENBoT. The students are guided in this process by completing a series of
levels that get more challenging. Students must also record observations, their own designs and
experiment results in a notebook.

The hub of the
program experience takes
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 Whiteboard with a
“To Do” list for the current
module and to read
instructions for the different
activities you need to
complete. A Video Screen to
view movies of real-world
robots in a variety of
settings is available. A Table
is in the center of the room
where there are virtual books that provide background information in Science, Programming,
Engineering, and a Laptop Computer with a programming interface. Computer Kiosks along the
wall hold animations and small simulation experiments, and a Shelf along the wall holds robot
parts needed for assembling or redesigning a virtual robot.

After the CEENBoT has been built the students first learn to drive it in a manual mode
using the keyboard of the computer. Next they learn a basic programming language that allows
them to design and develop a specific a programmed course of action for the CEENBoT so that
it can operate autonomously. These skills are then used in real world situations in the next
level. Students undertake specific “simulated” jobs that robots can do such as fire control or
uses in agriculture. In these levels, student engineers build virtual features for the CEENBoT
that will complete a specific task. Then they develop a program for the CEENBoT that it will
execute. The students then test the CEENBOT to see that it performs properly. Once it performs
as they think it will they move into the game mode to operate the CEENBoT in a simulated real
world situation.

As of December 2012, the SPIRIT team is excited to continue to work with Dr. Barker
and Dr. Gibson to continue to help to refine the virtual CEENBoT program that will have
particular applications in 4-H programs across the country. Such virtual robotics experiences
may be very useful to teachers in both formal and nonformal learning environments, to help
support students with a richer educational robotics experience that blends online and “hands-on”
classroom learning activities. Field test results of this program are described later in the report.
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2. Describe the major findings resulting from these activities:

Robotics Platform Results to Date:

As described earlier, the work in the SPIRIT project has led us to successfully
develop a new educational platform called the CEENBoT that is still successfully in
operation today and continuing to evolve into expanded use in 2013. The initial teacher
professional efforts with Oregon State’s TekBot found that the platform was too fragile for
use by middle school and high school students, and that it had structural limitations in the
ability to add onto the platform. A prototype of the new CEENBoT educational platform
was used with teachers early during the SPIRIT 2.0 grant. Since then it has evolved to a
simple, durable, flexible and feature-rich learning platform. The CEENBoT is more
compatible and flexible for the inquiry-based use and rough handling of students. The
versatility of the platform also allows for a diversity of classroom and independent learning
environments including in-school, afterschool, at-home and university instruction. The
CEENBOT offers a modifiable platform with many non-proprietary off-the-shelf (OTS)
electronic hobbyist components for supporting a diversity of possible user-enhancement
activities ranging from hardware implementation, operational investigations, design
experimentation and software language development. We designed the CEENBoT with
features such as high-quality precision motors, an AC charger, interchangeable drive
wheels, wireless remote control capability, large prototyping board for enhancement and
experimentation, peripheral interfaces for communication, and various programming
options. CEENBoTs are packaged as kits, partially completed or fully completed robots.
Peripherals and software for the CEENBoT are in various stages of development, and
include add-on GPS, graphing calculator interfaces, alternate wireless controls, an on-board
video camera, robotic arms, and graphical programming interfaces.

In the SPIRIT project’s continued efforts at refining the CEENBoT platform into
2013, we are striving for the development of a reliable robotics educational platform that is
ready to be produced at a low cost, and that can be supported by a cyber infrastructure-
based curriculum. This is a challenging undertaking, but our progress has been steady, and
our foundational work in the SPIRIT project has served us well in refining the platform.
We have identified and resolved technical issues as the CEENBoT has been introduced into
the grade 5-12 classrooms. The CEENBoT has also been incorporated into Electronics and
Engineering coursework at the University of Nebraska’s Department of Computer and
Electronics Engineering, as well as partner institutions that include South Dakota State
University, the Rose-Hulman Institute of Technology, Tulsa University and Howard
University. Each school is working with us to enhance its educational efficiency and
classroom utility.

A number of improvements in software and hardware have been achieved during the
NSF funding to support the CEENBoT for national distribution. These CEENBoT platform
achievements and further plans include the following accomplishments.

1. As of December 2012, the SPIRIT project has worked with and supplied CEENBoT
robots to several institutes and universities, which are replicating the integration of the
CEENBOT into its own engineering program and partner school districts, including the
University of South Dakota, Rose Hulman Institute, and the University of Tulsa.
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2. As of December 2012, we have established new factory firmware features that include
“out of the box functionality” that will control of up to 5 servos with the wireless remote
control, setting starting position, limits and rate of movement; provides charging history
information; enhances the charging speed; and adds a default pause for bump bot mode
for better safety. In addition, the technical prototype is almost completed on a “boot
loader and firmware manager” that stores up to 15 firmware images to the serial flash
device, and enables boot-time selection of a firmware image. It also includes a version
of the firmware transfer system using an inexpensive USB to serial cable to load

firmware images. We expect to have this new feature available by mid-February of
2013.

3. Asof December 2012, CEENBoT Commander enhancements include: an added
Commander programming tool to read and write controller I/O ports to enable
connection to electronics projects; capabilities to allow Commander to run on locked
down Mac and PC computers as sometimes found in schools; improve servo control
with default starting position, adjustable limits and rate of change; improved
installation commander on Vista and Windows 7; added support for more
microcontrollers; better long program support; added support for educators to manage
programming features and setup; various small fixes to improve reliability and
programs.

4. Developed and refined in 2012, we now have a Wiki web site for educators to learn and
share ideas for projects, software, documentation, videos; to post sample programs for
students and teachers; to post projects for beginner electronics projects; to post links to
videos of robots used in classrooms and competitions; to post tips on how to run
CEENBoT Commander on Apple OSX 10.5.8; and to access strategies for setting up C
language CEENBoT programming on either PC or Mac computers. The Wiki site can
be accessed at: http://educationalrobotics.wikispaces.com/.

5. In 2013, we expect to have some
interesting new projects for using the
CEENBOT in the K12 classroom,
including directions for control features
that allow a robot to be controlled with a
flashlight for about $3 in parts;
instructional videos showing how various
CEENBoT modifications can be used to
turn the robot drive structure into a 2 and
3 wheel cycle format; some simple : '
directions on developing a voltage divider showing how the CEENBOT can measure
resistance with a few inexpensive parts.

6. We have improved the energy efficiency of the CEENBoT so that the robot will operate
for three or more hours of continuous use on a single charge and the charging cycle can
be completed overnight. Its long operating time supports many instructional uses in
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grades 5-12 and for university classrooms as well as for outdoor use, where some robot
activities, including GPS mapping, may take several hours to complete.

7. We have reduced manufacturing costs (currently
around $200 per robot) and are designing the
successor to the current platform to cost around
$100. Schools in SPIRIT’s educational arena are
very cost sensitive and reducing the product cost
while providing a quality product will help
leverage CEENBoOT production, distribution and
utility for educators. A thorough cost analysis is
undertaken quarterly, as we steadily evolve from
DRK12 curriculum efforts to national
dissemination. In 2013, we are also working with
a new “Notebook” format of the CEENBoT.

8. Continuing into 2013, we are improving the CEENBoT to make it as feature-filled
and economical as possible. The new chassis design is easier to assemble by
students, requiring fewer hand tools and time to complete. The design uses a
stamped and folded aluminum chassis, anodized to produce a bright, appealing
color, a harder finish and to prevent the rubbing off of aluminum. The chassis uses
new, custom designed wheels with a solid rubber tread for better traction on various
surfaces found in educational settings. The CEENBoT electronics have been
redesigned to reduce cost, update components, correct performance issues and add
new features such as the graphing calculator interface. Firmware has been
improved to add more user feedback during charging and use, and to improve
reliability.

9. We implemented hardware and firmware to
allow the CEENBOoT to be controlled by
graphing calculators. Our SPIRIT Teachers
have embraced this feature with the Texas
Instruments’ TI-8x family of graphing
calculators found frequently in schools and
STEM coursework. Graphing calculators
are also now allowed for use on the PSAT,
SAT, and ACT College entrance exams and
AP tests and are quite commonplace for use
in grades 6-12 and university coursework.
The project’s technical team has
documented the use of TI BASIC and the
communications features 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
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the CEENBOoT to a vast number of teachers and students, who are already using
graphing calculators in their STEM coursework.

Our next generation CEENBoT robot design includes
a feature to control robots with commercially available
smart phones. Several school districts have already
approached us about the use of smart phones with the
CEENBOoT and the Department of Homeland Security
has shown interest in funding some of our evolving
research. For the CEENBoT, utilizing an existing
platform like a smart phone, provides inexpensive
educational access to common smart phone features
such as GPS, mega-pixel cameras and custom
programmability, allowing the educators and students
to utilize a wireless off-the-shelf controller like a
cellular phone. The SPIRIT technical team is
developing prototypes of the interfaces, I/O controller
boards, and software.

Into 2013, we are working to continue to make the CEENBoT as environmentally
friendly as possible and we are very sensitive to the need for environmentally
friendly features. One of the rapidly changing technologies that we are addressing
is battery chemistry. The early CEENBoT platform, initially developed by
University of Nebraska students, used Nickel Cadmium (NiCad) batteries. NiCad
battery technology has drawbacks including memory effect due to crystal growth
from overcharging, and disposal considerations when the battery is no longer
useful. NiCad battery collection and recycling are required under US Federal Law
(Material Safety Data, 2007). Every bad CEENBoT NiCad battery-pack would
require the disposal of half a pound of toxic battery waste. Battery technologies
employed on the CEENBoT now include Nickel Metal Hydride to replace tge
NiCad packs on the current 324 CEENBoT and Lithium Iron for new generation
CEENBOoTs. These batteries are less toxic to the environment as they do not contain
the heavy metal Cadmium. We are proud of this new “green technology”
refinement of CEENBoT battery use.

The CEENBoT team has completed version one of a graphical programming
interface that allows students or educators to program the CEENBoT in a simple,
intuitive, visual development system. The first release of CEENBoT Commander
supports many programming features of variables, looping, conditional execution,
mathematical functions and reusable modules. It also enables access to the various
robotic sensors and inputs such as proximity sensors, switches, and wireless remote
controls, and control of robot features such as motors, servos, LCD display, LEDs,
and sound.
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The graphical programming environment runs on both Microsoft Windows and
Apple OS X operating systems. A new 2012 version of CEENBoT Commander
produces XML code for use with our next generation ARM-based microcontroller
robots. Future development of the graphical programming environment will add
features to improve classroom setup, add more complex programming capabilities,
have improved error handling, and allow more flexible installation options.

13. We offer partially completed kits or fully assembled robots to educators to meet
their curriculum needs. We produce and publish on-line and print documentation
for robot assembly and use. We offer programming tools and documentation, and
robot design white papers on-line. Our fundamental desire is to make the
CEENBOoT as flexible, engaging, useful, and efficient for educators as possible, in
support of an overall goal of enhancing student STEM education.

14. We are developing a number of accessories to the base CEENBoT. We have
written a proof of concept menu system that stores several firmware files on the
CEENBOT, and allows selection of a desired firmware file from a list. The
production release of this software will enable students to change the CEENBoT in
seconds, from a remote control device, to a graphing calculator robot, or to a robot
running their own program. In addition, this menu system will allow transfer of
new firmware versions into storage using an inexpensive USB to serial interface
cable, reducing the cost of programming a CEENBoT by 50%.

15. Several add-on sensors are in development in 2013 to extend the flexibility of the
CEENBOoT. For example, we have prototyped an ultrasonic module to sense objects
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at distances up to 20 feet, a color sensor module to follow lines and to determine
color of marks under the robot, and a GPS module to receive satellite position
information.

Continuing into 2013, and based on
what we have learned with the
CEENBOT robot and feedback from
users, we are developing a new
educational platform called USA
(Universal Standard Architecture).
The concept of USA is to provide a
number of small, interchangeable
processor boards containing one of
several different manufacturers’
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 engineering classes, with later use in the K12 environment
after refinement.
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Graphical and Other Programming Interface Results to Date:

SPIRIT continues into 2013 in expanding our software control mechanisms for the
CEENBoOT. The need for enhanced programming capabilities, as well as a Graphical
Programming Interface (GPI) capabilities for the CEENBoT was identified by the various
cohorts of SPIRIT teachers attending the many professional development workshops. These
programming enhancements were considered to be particularly helpful with middle school
student use, as well as the overall K16 utility across student levels. Work started on the
enhanced programming capabilities of the CEENBoT in the last two years, and will continue in
the 2012 SPIRIT efforts. As of 2011, a GPI has been developed and tested and is now in a
refinement mode. It is currently compatible with both Windows and Mac computers. It permits
the programming of the CEENBoT in starting from “drag and drop” along with C, Java and
Assembly. It also helps to facilitate the addition of new sensors and other hardware modules.
The GPI is unique in that it will simultaneously connect the various sensors and modules to the
base platform while also allowing for multiple programming languages to be used that are
appropriate to the level and language of interest of the schools. The CEENBoT now contains
relatively sophisticated programming capabilities, as discussed later in this section in various
subsections.

As of December of 2012, the CEENBoT programming development efforts essentially
address the goal of providing a seamless, user-friendly interface for programming the
CEENBOT robotics platform. The GPI project has realized several key milestones, including
the design and prototype of an in-house GPI software application called “The CEENBoT
Commander”. The CEENBoT Commander is the tool that can be used by students to create
programs for the CEENBoT. It features a graphical interface which students can use to create
flow-chart like programs that are capable of being compiled and uploaded onto the CEENBoT.
Special care has been taken to emphasize interface simplicity and to ensure that students cannot
destroy their program accidently.

The CEENBoT Commander is a Java-based Integrated
Development Environment using a customized and designed
graphical programming language developed by the technical team
and some University of Nebraska Computer and Electronics e '
Engineering students. It offers a way to graphically and textually = =
edit CEENBoT programs from a PC or Mac. The narrative that A DI
follows provides additional details related to the CEENBoT COMMANDER
Commander and other programming capabilities. The software
was designed to interface with ARM7-type and ARM9-type
microcontrollers, the centerpiece of the CEENBoT hardware updates. The example graphic
provided is the CEENBoT Commander

2 packages fount

Splash Screen. o

The CEENBoT Commander = 5% el
Integrated Development Environment = ﬁg
(IDE) allows users to drag and drop 50, =Y

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
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simple graphlcal block programming and the more formal C-language programming, an option
also exists to view textually, the behind-the-scenes s — e —
C-code generated by the graphical program. This
feature adds rich educational value to the platform
in that while it allows inexperienced programmers
to quickly create programs for the CEENBoT with
no prior programming experience, the C-code view
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 2012, the computer
interface innovations developed for the CEENBoT
include the following: the Graphical Programming Interface (GPI), the Application
Programming Interface (API), and the TI Graphing Calculator Interface. They are summarized
in the chart below, and detailed descriptions of the progress on each in the grant now follow.

CEENBoT™ 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 to
TI Graphing Calculator Interface program the CEENBoT™ K-12 (Middle School +)

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

The CEENBoT Application Programming Interface (API)

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

The CEENBoT API allows a user to write programs in C in a manner that simplifies
control of the CEENBOoT platform. The CEENBoT API forms the primary core and
foundational component that also enables other software technologies to write programs to the
CEENBoT, including, the GPI (The CEENBoT Commander) and the CEENBoT TI Interface.
This idea is conveyed in the Figure on the next page.
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CEENBoT Programming Platforms
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The CEENBoT API is a static library that is used in conjunction with the C compiler (AVR-
GCC) that targets the CEENBoT’s AVR microcontroller architecture. It is essentially a
collection of C functions pre-compiled into a single static library file.

The CEENBoT API exposes a rich set of functions that allows users to control and
manipulate the CEENBoT™ in a simplified manner via well-documented function calls. The
API functions allow various hardware resources available on the CEENBOoT to be easily
manipulated. Some of these resources include peripherals embedded on the microcontroller
unit itself, such as control of I2C (or TWI), SPI, or UART. Or, the CEENBoT’s on-board
peripherals can be controlled, such as writing to the graphical LCD display, flashing LEDs, and
driving stepper motors.

Users can take advantage of the API library’s extensive set of functions (over 220) to
write embedded programs that control the CEENBoT without the need for intimate knowledge
of the its electronics or firmware. This allows the user to focus on actions, while the API
handles the details.

A user’s program links with the API static library and uses the AVR-GCC compiler to
generate a HEX file that is uploaded (or flashed) into the CEENBoT's microcontroller’s
memory. This idea is illustrated in the next figure on the following page.
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CEENBOT-API Programming Paradigm
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\{Ioid CBOT_main( void )
LCD_open();
LCD_clear();
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while( 1);
}
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Presently as of December 2012, CEENBoT programming in C is done using the AVR
Studio IDE (Integrated Development Environment)which is made freely available by ATMEL.
The functions in the CEENBoT API library are grouped into functionally-related units called
modules. Each module is in charge or acquiring the necessary resources (such as memory, I/0
port pins, and peripherals) to achieve a task or control a particular peripheral device. The current
functional modules available through the CEENBoT API include those listed below, and more

are being developed:

ADC — Provides supporting functions for using the onboard Analog to
Digital Converter (ADC) peripheral.

ISR — Provides supporting functions for declaring interrupt service
routines (ISRs) which may also be used by other modules or user

defined.

LED — Provides supporting functions for writing to the on-board

LEDs.

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

PSXC — Provides supporting functions for communicating with a Sony
PlayStation2® (PS2) type controller using the on-board PS2 controller
connector.

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

STEPPER — Provides supporting functions for controlling the
CEENBOoT’s stepper motors.

SWATCH - Provides supporting functions for using the stopwatch
module, which can be used to measure time in units of 10us/tick.

TINY — Provides supporting functions for peripherals under direct
control of a secondary supporting microcontroller unit, which on the
CEENBOT is the ATtiny48. The TINY is used to acquire the state of
on-board push-button switches, attached RC servos, and acquire the
state of on-board Infrared sensors on the CEENBoT.

TMRSRVC — Provides supporting functions for millisecond accurate
timing services.

UART — Provides supporting functions for using the on-board UARTS
in asynchronous mode.

USONIC — Provides supporting functions for using the Ping
Ultrasonic sensor by Parallax, an optional peripheral used on the
CEENBOoT for Mobile Robotics courses.

The next figure on the following page illustrates the modular breakdown of the
CEENBoOT API and its subsystem modules. Note that while this figure illustrates the modular
organization of the API, the entire API itself is encapsulated into a single static library file.

The advantage leveraged by the CEENBoT API can be conveyed by considering that the
STEPPER subsystem module alone encompasses close to 2000 lines of code. A considerable
amount of work would be required if the user is expected to do this work alone by writing
similar code 'bare-metal' style to control the CEENBoTs motors. The CEENBoT API allows
users to program without having to directly manage all the intricate details of the CEENBoT’s
electronics.
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As of December 2012, the functions of the CEENBoT API have been well documented
to invite and entice users who would engage in C programming to explore the CEENBoT.
Available documentation includes a “Getting Started” guide, along with a more in-depth 158
page “Programmer’s Reference Manual” that contains descriptions of all available functions
and code examples. These resources allow ease of implementation in the classroom and
immediate exploration. In addition, the API serves as the foundation for the other CEENBoT
programming technologies including the CEENBoT Commander (GPI) and the TI Calculator
Interface, which provide additional means to entice K-12 users (as well as instructors) into the
world of STEM courses.

The CEENBoT Texas Instruments® (TI) Calculator Interface

A secondary software technology made possible by the CEENBoT API is the CEENBoT
TI Calculator Interface. The CEENBoT TI software interface consists of a thin software layer
that sits on top of the CEENBoT API. It allows a user to connect a number of Texas
Instruments graphing calculators to the CEENBoT with the appropriate interfacing hardware.
The TI interface allows users to write programs on their TI calculators using TI-BASIC (an
interpreted programming language used in nearly all Texas Instruments calculator models) in
order to control the CEENBoT and have it perform various tasks, just as they would if they
were writing programs with the CEENBoT API using the C programming language. The TI
interface provides, yet, another option that invites exploration of the CEENBoT robotics
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platform in an open-ended and intuitive manner for the K-12 audience.

Documentation for the TI Calculator Interface is available in the form of a User’s Guide
and Command Reference manual. Graphing calculator models supported include the TI-82, TI-
83, TI-84, TI-85, TI-86, and TI-89. The TI calculator of choice plugs into the TI/CEENBoT
Adapter Board via a TI-communication Link Cable that connects it to the CEENBoT, as shown
in the Figure below.

Calculator

W" MooE oeL “

TI'CEENBQT Adaph

™  MATRX  BROM  WARs

Link Cable

The CEENBoT™ Commander Graphical Programming Interface (GPI)

As mentioned earlier, as of December 2012, graphical programming languages are
gaining more interest in a variety of fields and industries, and particularly in K12 education.
The SPIRIT teachers really desired this capability for the middle school and high school
classroom. Graphical programming languages can lower the barriers for entry for those who are
not familiar with traditional text-based programming languages, such as C, and allow them to
develop programs more quickly and with less training. The high-level elements in a graphical
programming language are especially useful for abstracting complicated data transformations.
This abstraction encourages the programmer to focus on developing the end application rather
than getting mired in, for instance, hardware-level communication issues.
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Thus, a graphical programming interface, or GPI, seemed like an ideal tool to get
primary- and secondary-school students interested in math, science, technology and
engineering. In particular, the goal of the GPI developed was to empower this targeted audience
with the ability to program a robot with no background in either programming or robotics. It is a
tool designed by an educational institute for use in other educational institutes. As mentioned at
the beginning of this section, the Graphical Programming Interface (CEENBoT Commander) is
a GUI application program that runs on a PC or MAC which allows users to write programs for
the CEENBoT robotics platform using a graphically-oriented, intuitive user interface as an
alternative to writing programs in the C programming language. The GPI internally generates
code that is CEENBoT API compliant. This CEENBoT GPI code consists of a thin software
layer that sits on top of the CEENBoT API.

The GPI efforts essentially began in the Fall of 2008 as an objective of both the SPIRIT
project and the 4-H GEAR-TECH-21 project for which the CEENBoT would serve as the
robotics platform for K-12 teachers, 4-H volunteers, and students. The objective was to simply
create a simple graphical programming language interface for users with no programming
experience to write programs to control the CEENBoT. After several options, including
Arduino, were considered as platform for GPI development, Java was selected as the project
language with the intent that a single application could run with minimal changes on both
Windows and Macintosh operating systems.

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

Tool Description
== BumpLeft Reads the state of the left infrared bump sensor into
a variable.
= BumpRight Reads the state of the right infrared bump sensor

into a variable.

Switch Reads the state of a selected switch into a variable.
~ Delay Pauses program execution for a select amount of
B time.

Move Sets the desired distance and velocity for the left

and right wheels, as well as the run mode (e.g.
blocking vs. non-blocking)

/' LEDs Sets the state of selected LEDs.

L_;], Display Prints text or variables onto the onboard LCD.
@ Branch Allows decision-making based on some condition.
“~5 Loop 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.
J 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, the GPI allows users to develop a series
of independent modules or sub-programs that can then be loaded into the project. These
modules are stored on disk as XML, which is both human-readable and conducive to the nested
nature of program flow control methods. When it comes time to build the project, each onscreen
tool or component is translated into C code based upon its current configuration, and then this
code is compiled as normal against the CEENBoT API library. The final result is a HEX file
that can be flashed onto the target platform using the GPI itself or external software.
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An example program created using the GPI is shown in Figure 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 = leftIR SensorObstructed();
bool rbump = rightIRSensorObstructed();
if (rbump ){
if( Ibump ){ setGreenLED(); setRedLED(); }
else {setGreenLED(); clearRedLED(); } }
else {
if( rtbump ){ clearGreenLED(); setRedLED();}
else { clearGreenLED(); clearRedLED(); }

} }

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

RedLed = BumpLeft
GreenLed = BumpRight
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As mentioned at the start of this section of the December 2012 report, it is also possible
to preview the automatically generated C code inside the GPI. This was mainly included as a
debug mechanism for developers, but may later be expanded upon as a way to simultaneously
introduce users to traditional text-based languages, such as C. The C code for the previous
example is shown in the next Figure. This is just one example of how GPI developers need to
continue to work closely with students and educators to get a clear idea of how they hope to use
the software in school curricula. Looking forward, many other exciting tools and features are
being planned. One which will probably come up in the near future is scheduling and the
capability for multi-threaded programs, something that should be neatly facilitated by the
existing chainlike form of user programs.

File Edit Project View Help

Output —A| //global declarations here ﬂ
Delay :| int samplevar = 0;
| int lbump = 0;

Move

int rbump = 0;
LEDs

Disnlay E //funciion protoiypes here

void CBOT mwain [ wvoid } {
GPI_MODULES gpi mods;
GPI_CLEAR MODS_STRUCT( gpi mods );

gpi mods.GPI_led = TRUE;
gpi_mwods.GPI_led = TRUE;
gpi mods.GPI_step = TRUE; —
Nothing Selected GPI_open( &gpi mods |;
while({ TRUE } {
lbump = GPI_get IR() & Ox02Z;
rbuwp = GPI_get_ IR(}) & Ox01;
if ( rbump '= 0 ) {
if [ lbump !'= 0 ) {
GPI_led(GPI_LED OFF, OxEF);
GPI_led(GPI_LED ON, 0x60);
} v
Tool Yiew | Description < M

Field Tests of Programming Capabilities and Future Plans for Programming

The beta versions of the CEENBoT API, GPI and TI Calculator Interface were all
deployed into the hands of college and K-12 teacher and student users in the 2010-2012
semesters for feedback and continuous refinement purposes. They were received with very
positive results. At the University level, the CEENBoT API was used as a foundational element
for lab programming exercises in a new 4 credit hour Mobile Robotics course created and



Page 43

taught initially by Alisa N. Gilmore in the fall of 2010. The course was comprised of 13 senior
and 2 junior students and focused on the implementation of reactive and behavioral-based
robotics using the CEENBoT platform. API functions were used as building elements that
allowed students to write embedded programs and integrate and control a variety of sensors for
Al mobile robotics applications. The feedback from a detailed course survey was very positive.
Over 78% of the students in the course agreed or strongly agreed that the API was a means for
learning concepts on the syllabus, 71% felt it provided a source of motivation or increased their
interest level in the class, and, for 71%, the API provided a sense of personal engagement on the
assignments. Similar data was retrieved in 2011 and 2012 as further refinements were made.

The API was also introduced into the introductory CEEN 1030 course taught by Roger
Sash. In this course, all CEEN students build a CEENBoT and take it with them for
applications in follow-on courses. The CEENBoT API exposed these students to embedded
system concepts and basic C programming as students in this class had never taken a
programming course, or were concurrently taking their first programming course in Java. The
students were able to program the CEENBOoT in several lab exercises using CEENBoT API
functions with much ease, and were generally very excited to be able to program their robot
which they constructed earlier in this course.

The CEENBoT GPI and TI Programming Interface were also introduced to the sustained
SPIRIT project K-12 teacher Saturday workshops during the 2010 thru 2012. The reception for
the user group of approximately 80 K-12 teachers was extremely enthusiastic, even when
testing early versions of the software with some bugs present, for which they provided valuable
feedback. The teachers were presented with hands-on exercises and told the software wasn’t
perfect, but to comment on needed enhancements. As a result of the teachers’ overwhelmingly
positive response, both of these innovations were included as competition categories for their
student teams in the Annual Nebraska Robotics Expo, which includes the CEENBoT Showcase,
in its fourth year sustained from the SPIRIT project (2012), with K-12 student participants in a
number of events that involved the CEENBoT. Included was the Autonomous Maze event in
which student teams could choose to use the API, GPI or TI interface to program their robots to
navigate tasks in a given course. The Autonomous maze was a success with Elementary,
Middle school and High school teams competing and successfully completing the tasks, using
all three technologies (Elementary teams even chose to use C-programming with the API).

To help build the utility of programming the CEENBoT for its K16 audience, the
programming innovations will continue to be aligned in a progressive sequence of CEENBoT
hardware developments and sensor/port capabilities, and refined in CEEN University courses
(API), K-12 outreach and field tests (API, GPI and TI interface), and an upcoming roll-out of
the 4-H GEAR-TECH-21 project (GPI). The CEENBoT and API are also being tested at
collaborating ECE departments to
help to further refine it, and to permit
a strong “pathway tool” for STEM
education that crosses K16 barriers.
We are becoming ever more
confident that the CEENBoT can be
an open source robotics platform that
indeed crosses traditional boundaries.

Sony Playstation® remote ‘speaker
SPlports — — s | , a

128 x 32 programmable UART Serial port

Graphical LCD display . (S AE S Errcen
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Manufacturing Plans and Marketing Results to Date:

As of December 2012, providing enough CEENBoTSs and ongoing updates to meet
teacher demand continues to be a very significant concern for the project that surfaced initially
in the later two years of the first SPIRIT project. In various conversations with administrators
in the University of Nebraska system, it was identified that
the production of robots could be better supported by N ‘
establishing a University of Nebraska start-up company to C E E B O T
produce the educational robot platform, and was named ‘

CEENBOT Inc., and has been endorsed by the University of Nebraska. The university startup
company was established in 2009 and is now undertaking a sole source provider agreement with
the University of Nebraska to provide educational robots to the SPIRIT project at the University
of Nebraska. Additional personnel have been retained to provide engineering technical support
to meet existing project orders and to streamline procurement and manufacturing capability. A
NSF SBIR Phase I grant (NSF #0945280) was also awarded in November of 2009 that is
assisting CEENBoT INC. in these early formative stages, and to help the company produce the
first set of robots. A Phase II SBIR grant proposal is being written and is expected to be
submitted during 2013.

Mr. Dennis Deyen is the Chief Technology Officer of CEENBoT Inc. Mr. Deyen has 23
years of expertise in the management of embedded product design and switchgear design for the
transmission and distribution of power. He has provided consulting services for the
development and production of custom MRI antennas for GE magnetic resonance machines as
well as embedded RF solutions. He has a B.S. in Electronics Engineering Technology from the
University of Nebraska and has completed a 6-month Management Training course with Best
Care EAP and the Small Business Entrepreneur Program from the Kauffman Foundation. Mr.
Deyen provides management leadership in the areas of compliance engineering, reliability,
design for manufacturability, design for testability and ISO9001 procedures development,
providing cost-effective solutions in lean manufacturing.

As of December 2012, significant school district demand for the CEENBOoT is already
being experienced by the SPIRIT project within the local Nebraska area, and we are gearing up
to be able to meet 2013 demand on a national scale, which looks challenging but feasible.
Manufacturing efficiencies are products | Contac Us
being explored to reduce the time CEENB(‘ﬁjT y
to prepare both kits and N -
assembled robots. Construction nstructi s
tutorials and other construction Tutorials and Reference Documents

Construction and User Guides
Firmware Updates & Tools
Supp()rt materials are belng pl aced The following are construction tutorials for the 324 Board kit version of the CEENBoT: Erequently Asked Questions
. Community Area
o Assembling The CEENBoT Chassis v1.06 (PDF; Multimedia
On the CEENBOT WebSIte’ and are * Assembling the CEENBoT 324 Robotic Controller Board - v1.00 (PDF) DL e t Road,

: o Assembling the CEENBOT Bump Sensor Board - v1.01 (PDF) Led MO
available to anyone free of charge CeENpoT store
wishin g to build the robot The following are reference documents for the 324 Board version of the CEENBOT:

1 1  CEENBot 324 User Manual v1.00 (PDF) - for all users
Consultants are contlnulng to help « Controller Reference Guide v1.00 (PDF) - for users of the wireless Pl remote

to refine current practices and we
are undertaking improvements in
preparation for ramping up
production to meet the demand of various educational, university and private constituencies. In
the interim period, retired faculty and staff are being used to assist in producing the initial parts
during the transformation to greater levels of automation.

Copyright ©2010 CEENBoT, INC - Sitemap - About CEENBoT, INC - Privacy Policy
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As of Fall of 2012, a company with additional national potential for outreach and
support of distribution of the CEENBoT, is HobbyTown USA and we are continuing
discussions with this organization. They are already assisting our cost cutting efforts by finding
lower costs for various screws, bolts, nuts and other attachment items. Given our experience
with middle school students and school district involvement to date, HobbyTown USA is also
interested in perhaps distributing the CEENBoT in kit form to educators and other customers
across the nation. We continue to discuss further possibilities and to consider the viability of
this potential partnership and other similar ones.

Current demand and market research, including industry review, education conferences,
in-depth interviews and trade references have indicated that the CEENBoT market consists of
four segments: K12 schools, colleges and universities, after-school programs (for-profit and
not-for-profit) and the private hobbyist industry. The 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

AN

As of December 2012, potential future educational distribution possibilities beyond U.S.
K16 institutions include Department of Defense (DOD) schools (elementary, middle and high
schools), after-school organizations (Girl Scouts, Boy Scouts, Girls Inc.), corporate-backed
schools, robotic competitions and corporate education. These various groups particularly
include organizations interested in developing youth STEM skills and talents by offering hands-
on, educational robots for enhancing their students’ educational needs. Another distribution and
outreach possibility is ECE departments that wish to attract and retain high school students
interested in engineering fields and careers, and we continue to expand partnerships with ECE
departments across the country. Thus, the student profile being targeted for CEENBoT initially
incorporates grades 5-16 with a long-term goal of grades K-16. The SPIRIT project has also
formed a partnership with the 4-H Robotics and GIS/GPS Project (NSF ITEST #0833403) in
which the robots eventually to be used in that project for 4-H distribution will be CEENBoTs.

To meet teacher educational robotics needs, specific educational market responses with
benchmarking will be further developed. Middle school, high school and community college
success will be determined by engagement in integrated STEM learning as evidenced by pilot
testing and field-testing at all levels. Evidence at the university level will include student
interest in engineering disciplines and measuring increases in student retention and numbers of
graduates. After-school program success will be examined with student enrollment numbers,
student interest perceptions and ongoing participation in further programs. Finally, hobbyists
that might work with a young person at home will be interviewed, targeting a platform that is
customizable, competition-quality, and fun for building in that setting. Success in both after-
school and home settings will also be examined by youth focus groups and the numbers of kits
distributed, while targeting better youth STEM experiences in these settings. As of December
2012, estimations of the long-term distribution of the CEENBoT include the following.
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Estimated Educational Market Size and Yearly CEENBoT Sales Potential (as of December 2012)

U.S. Middle Schools' 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 students / College
Engineering Colleges

U.S. Community Colleges’ 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

'publicschoolreview.com; “nces.ed.gov/programs/coe/2008/analysis/sa04.asp
}ibisworld.com/industry/retail.aspx?indid=1080&chid=1

Estimated CEENBoT market penetration within 5 Years of Full Production in 2013/2014

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% 100 Units
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

As of December 2012, some significant barriers to educational market expansion of
course exist, and we are considering these barriers. These barriers include: minimal awareness
of the CEENBOT; strong competition (sales channels, existing orders, strategic relationships,
established distribution chains, use through sponsored competitions); limited school budgets
with small allowances for new products; and, complicated sales processes and long sales cycles.

In addition to the CEENBOT, the SPIRIT project’s efforts at market research as of
December 2012 has indicated that there are currently five other major common educational
robotic platforms which are already available and which are currently available for comparison
purposes: TekBot, VEX, Scribbler, LEGO and Boe-Bot. Three of these platforms are suitable
for a younger middle school audience, but do not provide a high level of programming
capability (VEX, LEGO and Scribbler). These platforms instead provide a very limited icon
driven programming environment. They also do not provide electronics design experiences or
software design within the educational setting of typical school environments. The TekBot and
Boe-Bot provide some programming capabilities in terms of relevant hardware and software
experiences. However, the Boe-Bot comes already preassembled in some form with no
soldering or electronics work. The TekBot comes closest to the CEENBoT in its capabilities of
C programming, sensor additions, soldering and construction, and platform modifications, but is
relatively fragile for middle school and high school students.
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Market Research Identified Key Competitors to the CEENBoOT in Educational Robotics

Also, extending the TekBot platform beyond introductory courses would be very
challenging to schools due to a small prototyping area for electronics circuits, a less than precise
drive motor system, the lack of a quick connect battery system and in general, the somewhat
flimsy superstructure.

A poor superstructure (as found in our initial SPIRIT use) is particularly problematic for
educators, since robotics in elementary, middle school, and high school classrooms get bounced
around and roughly handled by students quite frequently. A comparison of these educational
robotic platforms with the CEENBoT is shown on the next page in a comparison chart.
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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 sequences Yes No (limited) No No No
including upper division?

Microprocessor Design Limited

and Programming? Yes No Yes Yes (K-8 only) No
Graphical programming No No No
interface (multiple Yes (GUI Yes No

— only) (GUI only) | (GUI only)
Capacity for additional

sensors (e.g., GPS, video, Yes No (li;:ftsé d) (li;iietse d) No (li;gietse d)
Wi-Fi)?

Parts from readily

available sources? (e.g., Yes No Yes Yes No Yes
RadioShack)

Low cost for basic unit? Yes No Yes Yes Yes Yes
(<$250) (3175) (<$120) (<$160)

Outdoor robustness? Yes No No No (ZiiZietSe d) No
Soldering skills, circuit

design, and electronics Yes No Yes No No No
design?

Capacity for middle-high Yes

school classrooms / clubs Yes (limited) Yes Yes No Yes
/ after school?

Maps to K-12 STEM No No

Disciplines with Yes (K-8 No No (K-8 only) No
cyberinfrastructure? only) J

Thus, our educational market research as of 2012 has shown that for the successful
distribution of the CEENBoOT to schools, we must be able to satisfy five key attributes: 1) to
efficiently manufacture, market, and distribute CEENBoT robots, 2) to build and strengthen
relationships with strategic customers and educational partners, 3) to cut costs and strengthen
financial positions, 4) to build and strengthen distribution channels with schools, and 5) to
improve and adapt the CEENBoT and the SPIRIT cyberinfrastructure to meet educator needs.

SPIRIT Lesson Results to Date:
The SPIRIT 2.0 effort has continued efforts where trained teachers develop lessons for
their classrooms. These developed lessons are then further refined for possible use in the
curriculum. As of December 2012, a total of more than 300 fully completed AEIOU Lessons,
representing all four STEM areas have been developed, edited, and posted to the SPIRIT
website. Nearly 50 other lessons are in various stages of lesson development, editing, and
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refinement. The posted lessons are interdisciplinary and involve interrelated STEM concepts,
as consistent with educational robotics. The lesson writers have diligently went through many
rough and previously drafted lesson ideas and found “the best of the best”. Additional writing
efforts have also concentrated on the instructional component (I) of the modular lessons to be
sure the concept instructional base has been well developed. Along side of the full curriculum
lessons, 20 games to explore CEENBoT movements have also been created, edited and posted.
The percent of the 260 lessons currently available to teachers piloting or field-testing the lessons
include: Science — 43.7%, Technology — 12.4%, Engineering — 9.2%, and Mathematics —
34.6%. The writing of mathematics lessons has been particularly emphasized, with a special
focus on introductory algebra. All lessons can be viewed 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, Wiki,
videoclips and pictures, project reports, presentations, project articles, robot cartoons, and
important links. These sections of the website will all be further populated as the SPIRIT
curriculum continues to grow and evolve through 2013.

Cyberinfrastructure Results to Date

As of December 2012, the SPIRIT lesson delivery system continues to evolve in ways
that support the teacher lesson development and usage. To date, the cyberinfrastructure model
includes a working database structure, lesson query methods, and lesson uploading and tagging
tools. The increased number of lessons and lesson tags has motivated a few enhancements to the
user interface as well as ways to clear all tag selections, search all tags, and view search results
by pages. The cyberinfrastructure prototype is now able to handle thousands of lessons with tag
counts that are typically two orders of magnitude higher in ways that are efficient and intuitive,
making for a more effective educator experience in locating SPIRIT lessons.
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As of December 2012, and described previously, SPIRIT lessons are divided into five

categories: Asking, Exploring,

Instructing, Organizing, and

Select

Lesson

1 to 7 of

AEIOU

7

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 s
information that is displayed
under the "Select" tab. The
teacher first opens a tag
category under the "Select"
tab such as Robot Capability,
Grade Level, or Science,
Technology, Engineering, or

*

= One Revolution for Robot

Header

Asking

= | Exploring

¥heel Data Sheet
Instructing
Organizing
Understanding
It Came Out of Nowhere!
The UPS Experiment
Robot Takes a Dive

= Robo-Ruler

Header
Asking
Exploring
Instructing

= | Organizing

Worksheet
Understanding

= Friction This!

Header
Asking
Exploring

A

g PoF |
Chidy

Exploring Concepts (Need For SPEED!)

AskKing
One Revolution fo

Exploring
Robo-Ruler

Grade Level: 6-8
Standards: SB, SF, TD, EA, EB, MB, MD, ME
Mathematics Concepts: Distance = Rate * Time

Organizing
Robo-Ruler
Worksheet

Understanding
Friction This!

Mathematics (STEM)

Concepts or Standards, and makes selections within the tag categories. The teacher can then
view component information based upon the originating "Lesson" or based upon the "AEIOU"
component type using the associated tabs.

Under the Lesson tab, folder icons are displayed for each originating lesson grouping.
The lesson folders can be opened to show the lesson components and resources. The large
center window displays the associated page when the user clicks on a lesson component or
resource. The text area below the center pane displays the standards-based tag information for
the component. The teacher user can then drag and drop the displayed item from the center
window to the far right window to mix-and-match lesson components and resources, and thus
create a customized lesson grouping which can be printed as output in a Portable Document
Format (PDF) file by clicking the lesson group PDF icon at the top of the far right pane.

Recent developments in the SPIRIT project have also implemented more efficient
protocols for managing the expanding number of lessons in 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 manipulation and renaming commands. The
spreadsheet tool also provides for the entry of tag information and creates the database
commands for lesson grouping and tagging. The spreadsheet tool has been an efficient way to

prototype the process of lesson entry into the server file system and database.
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A navigation bar was also created under the
"Select" tab to help teachers locate and choose among the
increased number of tag categories and tags. Teachers can WA [] M 'p
open or close all tag categories, clear all selections and can | "o "~ &.5: Middle >"i
do contextual searching for lesson tags. A navigation bar a—
was also added to the "Lesson" and "AEIOU" tabs which 7 0.2 pri Plane Mirrars
displays the lessons in pages showing the first and last 0 3 5: 1 Concave Mirrors
lesson number on the page and the total number of lessons oo EE—— :
based on the chosen tag selection. 6-8: i ComPuer Programmi

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

Select Lesson AEIOU

Astronomical Measu

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

The educators that have started using the cyberinfrastructure [——==q5
prototype have made some initial comments on database feedback [ —
forms and in person, indicating a need for a tutorial on basic usage »
and operation. In response, a help button was also added that links
to an animated demonstration of how to search and view lesson
components and build custom lessons. The SPIRIT project is continuing to routinely get
feedback from users to refine the cyberinfrastructure operations.

Extensions to the cyberinfrastructure database being addressed include grouping lessons
by word frequency analysis, usage statistics, and user evaluation. All extensions could be used
in developing alternative lesson search methods that could use software suggestions to teachers
rather than topic selection. Word frequency analysis involves pre-scanning the lessons and
recording in the database all words with a relatively low frequency and which lessons contain
those words. The word list could be used as an alternative or extended set of tags for lesson
selection. Usage statistics could involve recording the clicks and drags of how the
cyberinfrastructure is being used and which tags and lessons are being selected and what
components are being included in custom lessons. User lesson evaluation could also collect user
ratings for each lesson component through an evaluation form. The usage statistics and educator
evaluations could be used to rank the lessons by instructional popularity which could be added
to the lesson search options so that the most popular lessons could be located for educator use
and less popular lessons could be reviewed, edited, or perhaps eventually removed. Our
cyberinfrastructure team is now considering these potential enhancements.

A further refinement area for 2013 development of the SPIRIT cyberinfrastructure
centers on the teacher evaluation and implementation of lessons in the database. While
searching, reading, and selecting lessons, a teacher will be able to post an evaluation or
comment on the entire lesson or an individual lesson component. When a teacher uses a lesson
in their classroom they can also return to the cyberinfrastructure interface to rate or comment on
the lesson. The lesson author or editor can review the ratings and comments and make changes
and updates to the lesson or the database.

by




Page 52

When first viewing a
lesson or component, only & Click here to rate or comment  Responses: 1 Current Rating: Sy
the top line of the rating
form is visible which shows
the number of responses Summary: A , i o ) _

. . The concept of what is a solution and the concept of how many solutions are possible for a lincar
and the average rating in system will be explored.
filled stars. Clicking on the
comment icon (plus sign) will then reveal the entire form along with the lesson that allows the
teacher to rate the lesson.

The data collected on the form includes an overall rating of the lesson, a comment about
the lesson, and the number of students that have worked with the lesson by grade level. The
rating information is added to the overall average rating and appropriate comments may be
added to the lesson display after

ASKING Questions (Solutions, Solutions, Could it Be?)

. = Click here to rate or comment Responses: 1 Current Rating: ﬁf{ﬁﬁ'?ﬁf{f{
the lesson author or editor has
. Rating How would you rate this lesson? Teaching To whom have you taught this lesson?
reviewed the comments. The R, Grade  Numberof Lesson
- Lavel Students Totals
numbers of students that have Responding 1iou you ke o send  comment? s 0
interacted with the lesson can as 0
.« [:X:3 0
also serve as additional lesson oz 0
evaluation information. A Otner 0

"CAPTCHA" word and an e-

Sending Type the word shown below and enter your e-mail address, then click the Send button

mall address must be entered tO Your e-mail address will only used to determine uniqueness and for statistical analysis.
send the form. The 7 e
"CAPTCHA" word will help =t
secure the form from automated | sea |
attacks and the e-mail address
will help define the uniqueness ASKING Questions (Solutions, Solutions, Could it Be?)
of the respondent and give . ,
X ; R Summary:
some lndlcatlon about the The concept of what is a solution and the concept of how many solutions are possible for a lincar

system will be explored.

number of respondents.

The cyberinfrastructure stores the form data in the database along with the other lesson
search criteria allowing the collected data to assist in lesson display and selection. Database
search results can be modified based on the evaluation data so that the most popular lessons are
displayed first, for example. Other types of lesson suggestions will include all lessons highly
rated by an individual respondent or other lessons in the same subject or content category used
by an individual teacher respondent. The appropriate comments that are included with the
lesson display will also support the refinement and further development of the lessons and
concepts in the classroom environment.

During Year 3 of the SPIRIT 2.0 efforts, the cyberinfrastructure development focused on
the educator experience beyond lesson search and retrieval. Features that have been added or are
in the development stages include an enhanced help video, enhanced lesson ratings and
comments, improved context tags, and more secure user login using Google, Facebook, Yahoo,
or OpenID. The AEIOU lesson format has also been adopted by the NSF ATE Project SHINE
Project (NSF# 0903157) who decided to also share their lessons through our SPIRIT database
system, creating the need to add category tags that allow educators to search for lessons based
on a wider project context, that includes robotics, mechantronics, industrial robotics, and
energy-related tags. Project SHINE lessons provide some nice extensions of robotics into the
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workplace that are seamlessly integrated with the robotics lessons from SPIRIT in the overall
SPIRIT database. Lesson ratings and comments integrated into the SPIRIT database provides a
way for educators using the overall set of SPIRIT (and SHINE) database of lessons to evaluate
and share their experiences with the lessons. Also, incorporating a login method that uses
existing social network or cloud computing accounts will make using the lesson rating and
evaluation process easier for the educator.

As described earlier, the cyberinfrastructure database stores category and tagging
information that is displayed under the "Select" tab. The educator first opens a tag category
under the "Select" tab and makes selections, then views component information by selecting the
"Lesson" or "AEIOU" tabs. Under the Lesson tab, folder icons are displayed for each
originating lesson grouping. The lesson folders can be opened to show the lesson components
and resources. The large center window displays the associated page when the user clicks on a
lesson component or resource. The text area below the center pane displays the standards-based
tag information for the component. The educator can then drag and drop the displayed item
from the center window to the far right window to mix-and-match lesson components and
resources, and thus create a customized lesson grouping which can be printed as output in a
Portable Document Format (PDF) file by clicking the lesson group PDF icon at the top of the
far right pane.

As diverse robotics-related STEM lessons are added to the cyberinfrastructure from
SPIRIT and other National Science Foundation projects (such as SHINE), new context tags will
allow educators to select educational robotics consistent lessons based on slightly wider topics
such as energy, and industry applications. Educators in regional workshops and industry
mentored workshops have developed lessons using the AEIOU format that are typically framed
in a STEM context, and use the instructional components (the I in AEIOU) developed for the
SPIRIT robotics lessons. Expanding the lesson context demonstrates the flexibility of the lesson
database design and the AEIOU lesson format. The robotics curriculum touch points contained
in the instructing components also serve as the touch points for the STEM areas such as energy,
electronics, industrial robotics and mechatronics in the industry mentored lessons.

Using the SPIRIT cyberinfrastructure to select lessons is in essence, similar to an online
shopping experience as educators search for lessons and lesson components. Educators have
become accustomed to ratings and comments being attached to products and content that they
view online. To enhance the social interaction with the SPIRIT cyberinfrastructure, the rating
and comment form mentioned earlier follows this typical format, as seen on commericial
websites.

The ratings and evaluation form includes options to rate the lesson component on a five
point scale with the results being displayed using the five stars in the heading line. Educators
can also respond with comments and post the number of students that have experienced the
lesson component. Other even simpler methods of rating are being considered such as a "I Like
This" or "Thumbs Up" button where the educator would just click a button to indicate they
prefer this type of lesson. When preferences toward lessons are collected over many different
educators, the better lessons emerge as the ones with more selections.

The enhanced authentication method will allow the cyberinfrastructure to keep track of
the lessons that the educator has viewed, which lessons they prefer, and predict which lesson
they might prefer based on the preferences of others. Educators will be able to return to lessons
they have viewed to rate and comment on the lessons. The authentication component of the
cyberinfrastructure is still in the testing and development stages.
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To make the lesson evaluation experience simpler and more efficient for the educator,
different login methods have also been explored and undertaken. Many new technologies have
been developed in recent years that allow users to authenticate using their existing social
networking accounts rather than having to create and remember yet another website account.
The authentication method being
tested this last year in SPIRIT uses Sign into SPIRIT Lessons
the OpenlD standard that redirects
the educator to their selected Sign in using your account with

account provider.
Facebook Goc )816

As mentioned, the SPIRIT
cyberinfrastructure prototype can

be viewed at: YAHOO' OpenID

http://spirit.unomaha.edu

Cyberinfrastructure Mobile Computing Revisions

Further Cyberinfrastructure development work during 2011 and 2012 on the existing
SPIRIT 2.0 cyberinfrastructure has evolved to focus more on enhancing existing features and
content updates than on expanding features. Moving the focus way from adding features is due
in part to changes in the user access platforms. With more content being delivered to mobile,

tablet, and pad devices, the

current static layout and s | o | a0 | (@) (3) ) E e/
scripting methods needed L ]els Ju[ 3 1D 1
. = Function Junction SOIN: Flectric Currest
updating. To address these Header RS
mobﬂg computing issues, future D g e sl el
cyberinfrastructure L - 4 =1 &k .
development will begin to ) orgenzng S—— '
. #| Understanding wihich Cirout e both bl 17
explore new techniques that = icredtie Bread O Crout o Sl
. cader TR b
provide support for all types of Vo =
devices, legacy and emerging, S
. . ==l Instructing
while also supporting the same Evauson Guestions
. . . Organizi
interactive experience as the s
current lesson delivery system. Tencionet —
. . Standards: SB
Updatlng and expandlng Science Concepts: Blectric Curent

content within the SPIRIT
cyberinfrastructure has involved

editing and updating the science
instruction components, adding standardized assessments to the mathematics and science
instruction components, and adding additional lessons for robotics and industry applications.
The science instruction components were reviewed by a master science teacher, more detailed
explanations were provided, and pictures and diagrams were attached. The updated instruction
components were added to the lesson files and included in the lesson database. In addition to
instructional component updates, publicly available standardized test questions from many
different national sources were reviewed and questions were selected that were specific to the
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mathematics and science instruction components in the cyberinfrastructure. Sample
standardized question files were prepared for various instruction components and added to the
database as attachments to the instructional components. The standardized question attachments
are included in the lesson display anytime a lesson with the associated instructional component
is selected from the database. As is the case each year, new lessons and instructional
components were added to the database in the contexts of robotics and industry applications.
The current lesson counts sorted by the selection tag categories are shown at the end of this
section. Many of the lessons are tagged with multiple categories so the category count subtotals
will not add up to the lesson count total, except for the Context tags of Energy, Industry, and
Solar where that tagging has been disjoint.

Changes to the database structure and to the methods used to edit and track lessons have
attempted to improve the efficiency of lesson delivery and development. The lesson file names
in the file system structure were changed to make the names more standardized and readable.
This was done to so that static browse-able pages could be generated and delivered from the
database and so that files that are downloaded from the database have standardized names.
Some of the methods and functions that would be needed to deliver static pages from the
database were explored, but currently the delivery of static pages from the database has not been

implemented. — —
Spirit lesson pipeline m
One other area of
File Edit View Inset Format Data Tools Help
development and
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website and

database team post the lessons, this work has continued to be tracked in a shared spreadsheet
within Google Documents. This is a simple and direct approach that has worked very well, but
recently Google Documents introduced scripting that could be used to further automate lesson
document tracking. The lesson tracking spreadsheet was reviewed and improved, but scripting
seemed to make things more complicated than needed, so the automation idea was not
developed further. The methods and ideas developed and explored related to the static web
pages and the lesson tracking spreadsheet, although not used in the current version of the
cyberinfrastructure, will be applied in the next version designed to support mobile, tablet, and
pad devices, which is discussed next.



One of the most
significant changes in electronic
content delivery over the last
few years involves the
explosion of mobile, tablet, and
pad devices. Even during just
2012 and the last couple years,
the need to develop a mobile
friendly version of the
cyberinfrastructure has become
more apparent. The current
mobile platforms use different
development environments
which would seem to require
individual applications to
support each device. Another
approach however uses new
features currently implemented
in the new browsers found on
current mobile and pad devices.

SPIRIT Lessons
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About | -~Selee-=- Lessons

Tag Categories

€>) Grade Level
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This approach uses the web browser to view webpages that are scripted to provide the look and
feel of a native application. With this approach one scripted website can provide native
application type access to the current lesson database. Using this scripted website approach will
be the basis for further development of the cyberinfrastructure since it uses open source
standards, provides access for multiple devices, and will provide support for additional devices
that currently do not have access to the lesson database. The original cyberinfrastructure is
located at spirit.unomaha.edu and the new mobile version under development is located at
spirit.unomaha.edu/m.

SPIRIT 2.0 Cyberinfrastructure Lesson Tags

As of December 2012, lessons in the SPIRIT 2.0
cyberinfrastructure are tagged in the database by the context, grade
level, STEM standards, and main STEM instructional component. The
context is the only tag group that is currently disjoint, so it is the only
grouping that will add up to the total number of lessons. Other tags
where applied as needed to the lessons. The lesson tags are listed below
along with the number of lessons that are associated with that lesson tag.

SPIRIT 2.0 Cyberinfrastructure Lessons
All lessons 300
Context Lessons
Energy 17
Industry 158
Robotics 125




Grade Level Lessons
0-2: Primary 5
3-5: Elementary 42
6-8: Middle 184
9-12: Secondary 153

STEM Number of Number

Category Concepts Lessons

Science 60 115

Technology 16 67

Engineering 12 29

Mathematics 34 93
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
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Newton's 1st

Newton's 2nd

Newton's 3rd

Ohm's Law

Osmosis and Tonicity

Photovoltaic Cells

Physical and Chemical Properties

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
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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

Data Analysis

—_

Economics

Information Literacy

Positional Number Systems

Problem Solving

—_

Scientific Inquiry

Team Building

Technical Writing
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Engineering Standards

Lessons

EA: Design

72

EB: Connections

122

EC: Nature of Engineering

26

ED: Communication

64

EE: Society

24

Engineering Instruction Components

Lessons

Applied Physics

Engineering Design

Error Analysis

Intellectual Property

Invention vs Innovation

Laser Engraving

Scale Drawings

Shop Safety

Simple Machines

Technological Systems

Welding
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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

Distance = Rate * Time

Distance Optimization

Exponential Functions

First Fundamental Theorem of Calculus

Functions

Geometry Vocabulary

Inverse Variation

Linear Functions

Linear Systems

Negative Exponents
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Perimeter

Probability

Proportions

Pythagorean Theorem

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
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Construction Tutorial Development Results:

As of December of 2012, there continues to be significant and consistent progress on
robot construction tutorials throughout the SPIRIT project to support the use of the CEENBoT
in the classroom. These tutorials continue to be updated frequently, and are found on the
general website by clicking on the prominent CEENBoT tutorial banner
(http://www.ceen.unomaha.edu/TekBots/SPIRIT2/Tutorials/) where materials are accessible.

CEENBGT Construction Tulorials

Lotest construction tutorals for the CEENSST,

The construction tutorials are divided into modules corresponding to the different circuit
boards in the robot and the assembly of all the pieces into the CEENBoT. Each module takes
about one to four hours to complete depending on the experience of the student.

The instructions have evolved from a narrative description of how to assemble the parts
to an interactive Flash presentation where each step is described on an individual slide.
Narrative is kept to a minimum and embedded video clips and clickable assistance is provided.
Parts for each board are identified separately. The first step of each module is to place the parts
onto a “parts map.” This helps ensure that the components are placed correctly.

The interactive instructions guide the educator or student through the placement of each
component. The steps are listed in a table on the left side of the screen. This ensures that none
of the steps are omitted and that the correct sequence is used. The main part of the instruction
shows the part as it is seen on the parts map with a short description of what needs to be done.
Many of the steps include a link to a video-clip to help with specific constructions.

CEENBoT ™

Tutorial: 324 Circuit Board (324 board only)

Navigation 324 Board >> [ I Populated (top) ]

Top View - Populated

ii. Populated (bottom)

iii. Preloaded parts

iv. ** Read before constructing
1. SPST Switches S1, 83, 54, S5
2. Red LED D2

3. Green LEDs D3, D5

4. 3-pin male header

5. 3-pin male headers (5)

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

8. Speaker

9. DB9 male connector

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 the component is located, he or she can
click the “Where am I located” link button to see a magnified photo of the location of the
component on the board. The step-by-step instructions have resulted in significant
improvements in the CEENBoT assembly process. Much less educator time is needed to
explain how to perform the construction process and the individual steps have eliminated
most of the problems of placing components in the wrong location.

Navigation Intertace Circuit Board (v. 2008-03-10)

Intraduetion

2. Resistors R1 8 12

L Resistos R
4 Capacitor €1

5w,

6. U1 Socket
1. OIOFF switch

o I———— . , :’/' 'B
1. Power LED E 1:D1 H ) §
9. R Speed adfusst pol. g 1N4148 Diode § . 1 Orlen

. i Match diode stripe with : o En
11, Soldering J4 - 5 .

2. Soldering 56 i stripe on board : < Speed Adjist(* "
13.10.pin female header J5 - H A 4 03 Bump Bot

.
14 Connecteas S8, 51, P1, 6 e L L LR
15 Capackor C2

wonn :‘\Mlelemnlfxued?

Graduate Course Results to Date:

As mentioned, as of December 2012, to help with teacher training, the SPIRIT
project is also striving to develop graduate courses and graduate course modules for
educational robotics, where teachers will eventually be able to enroll online for graduate
credit nationwide. This initial class effort focuses on the critical integration, articulation, and
differentiation aspects of Science, Technology, Engineering, and Mathematics (STEM).

The purpose of this graduate course strategy is to prepare graduate students to incorporate
the research and practices of STEM education, especially within the context of educational
robotics, at the elementary, middle and secondary levels. The dynamic nature of
advancements in the core areas of STEM and educational robotics require that teachers be
able to share current developments in a rapidly advancing technological environment, and
thus, the course is striving to prepare teachers of STEM coursework to meet the challenges
of their educational profession in a changing world. Four overarching course themes
include: Understanding the importance of STEM education, the use of robotics in the
curriculum, designing and implementing immersive learning environments, and encouraging
curiosity and problem solving. The prototype graduate class meets currently in a hybrid
fashion including a traditional classroom environment with a mix of online collaboration
and learning. Eventually, it will be offered fully online to interested teachers around the
country. The course has been offered in smaller prototype formats to date (N=83 students)
and received some encouraging evaluations from the participating teachers. Using a 5-point
scale, ranging from a score of 1 (which represented strongly agree) to a score of 5 (which
represented strongly disagree) the course participants responded that they were “satisfied
with the amount I learned in the course” (mean of 1.69); “this course was well organized”
(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, that project has helped to establish the
Office of STEM Education in the College of Education at UNO. This will allow online
courses in educational robotics and STEM to be continued for far into the future. The
Office of STEM Education is already establishing a reputation as a national leader in STEM
education. The office is focused on many aspects of STEM education (with a focused
educational robotics effort in SPIRIT) including improving teacher training, increasing the
number and diversity of STEM teachers, providing innovative STEM curriculum, and
researching STEM education interventions. The core leadership of the office includes five
UNO science, technology, and mathematics education professors, a multi-cultural professor,
and two UNO educational technologists. There are also 11 professors from other colleges
who participate on a campus wide committee for STEM that work routinely with the Office
of STEM Education. The STEM Office faculty members have won several awards in the
past few years, including named professorships, the UNO 2012 Strategic Planning Award,
Alumni Outstanding Teaching Award, the UNO Research and Creative Activities Award,
the Chancellor’s Medal, and the NASA Mission Home Award.

The UNO Office of STEM Education is committed to improving science, technology,
engineering, and mathematics education. The SPIRIT project is perfectly aligned with this
commitment. It is a strong belief of the Office that the two key elements for change should be
1) viewing these four areas of STEM as an instructional opportunity, with teaching being done
in context and always taking advantage of the interconnections of the STEM areas. Itis a
further belief that the common “silo” teaching of STEM concepts (where disciplines are not
connected in anyway), has not given students the necessary experiences to see the value of
learning STEM concepts, as well as not giving them the needed “habits of mind” related to
STEM literacy that our current and future society needs, and 2) all students should experience
relevant and vibrant STEM education. In the recent National Science Board report “Preparing
the Next Generation of STEM Innovators,” recommendation #2 states a need to “to nurture
potential in all demographics of students.” We have observed that too often, the focus of STEM
education has often been on only the “top” students. The SPIRIT project, with the ongoing
support of the Office of STEM Education, is committed to helping innovations in STEM
Education serve all students, as represented by the powerful context of educational robotics.

Teacher Training Results to Date:

In pursuit of its curriculum development effort and as of December 2012, a total 420
teachers have now been trained in extended summer workshops, graduate courses and credit-
based independent study options. Many of these teachers have also developed lessons and
curriculum materials for their own classroom, which became some of the raw material for
further SPIRIT lesson development and for related educational materials that have been
indexed within the SPIRIT database and website (such as an engineering notebook), after
significant refinement and editing by the SPIRIT team.

To date, a total of 53% of the trained teachers have been female and 8% have been
minority teachers. The female participation has been encouraging, since the SPIRIT project
has been especially interested in getting the participation of women teachers. An extensive
teacher survey was given at the beginning of the training experiences (particularly summer
institutes) and then again at the end. The beginning survey asked for basic biographical
information, professional qualifications, teaching experience, and professional development.
A series of questions also measured perceptions about project-based learning (PBL) and
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science, technology, engineering and mathematics (STEM). Another set of questions was
designed to measure participants’ evolving experiences and expectations with the SPIRIT
project. The ending survey repeated the PBL and STEM questions and asked three specific
open-ended questions about the teachers’ experiences of the professional development
experience that they had just completed. Responses to the open-ended questions were
reviewed and coded into categories. Reliability of the subscale for perceptions about PBL
was measured using ten items. Cronbach’s Alpha for the PBL scale was .75, which is a
moderate level of reliability. Reliability of the subscale for perceptions about STEM was
measured using only 10 of the 13 items administered, as three items did not perform well and
were adversely affecting reliability of the scale. Using just the 10 acceptable items,
Cronbach’s Alpha was .75, which is an acceptable level of reliability.

Formal SPIRIT Summer Institutes have now been undertaken in a total of five
summers. Three summers were related to the initial SPIRIT-ITEST Project that focused on
teacher professional development, and involved a total of 97 teachers, and one summer
replicating the SPIRIT model with a small state funded grant, involving 22 teachers.
Training in the first three years (2006-2008) took place at the Peter Kiewit Institute in
Omaha, Nebraska and the training was in 2009, and conducted at Central Community
College in Columbus, Nebraska. The Columbus training was also trying to see if the training
could be replicated at a community college, if given some relatively basic help from the
SPIRIT education and technical teams. This training effort was paid for by a small grant
from the Nebraska Department of Education (requiring no NSF funding), and closely
followed the model established with NSF funds, and was an attempt at working toward
sustainability of the summer training institutes. The fifth summer of training this last
summer (2010) involved 23 lead teachers from the Dream It Do It (DIDI) organization,
representing 11 rural districts from Nebraska. This training was split across the summer and
in Saturday sessions during the regular year. Training during the summer of 2011 and 2012
was done with single day training sessions in various locations.

For the 97 teachers trained in the first three summers (2006-2008) the results of the
teacher survey were relatively encouraging from year to year. The questions that evaluated
participants’ perceptions of PBL and STEM education asked teachers to rate their
agreement to a variety of statements using a five-point scale ranging from “strongly
disagree” to “strongly agree.” For analysis purposes, and to reflect the ordinal level of data
within the assessment instrument, the scale presentation was transformed to a numeric scale
of 1 to 4. Dr. Mike Timms, formerly, the managing director of the NSF Center for the
Assessment and Evaluation of Student Learning (CAESL) suggested this modified analysis
approach. Stronger agreement (higher scores) on the scale indicated that teachers had
greater familiarity with PBL and STEM, and that they valued them as beneficial to their
students. There were distinct changes in how experienced teachers felt on a number of
aspects of the content and teaching covered.

The following summarizes the perceptions of the teachers from the five years of
data that have been collected to date in the SPIRIT project, three funded by the initial
ITEST project (2006-2008) in Omaha, Nebraska, and the fourth funded by the Nebraska
Department of Education (2009) at the community college in Columbus, Nebraska, and the
fifth (2010) in various locations in Nebraska, as funded by Dream It Do It. Data from the
summers of 2011 and 2012 was only general feedback data on perceived effectiveness due
to the short duration of the teacher training activities. Later workshops represent a



Page 65

replication process and a step toward sustainability of the teacher training, where the
community colleges and other organizations (such as Dream It Do It) might sponsor or
undertake the educational robotics teacher training with guidance from the SPIRIT team. It
was felt that community colleges and other educational organizations would be a good
source for host professional development sites with the potential expansion of educational
robotics support across the U.S. We have been pleased about collaborative efforts to date.

The initial teacher training results from the first three Omaha workshops now
follow, which used a more focused design over a period of 2 weeks. The first cohort of
teachers’ ratings on five of the seven factors that were components of the workshops
increased one category on the four-category scale. In engineering, electronics, and robotics,
teachers moved from expressing, on average, no experience to feeling that they have a low
amount of experience as a result of the workshops. On their average ratings for computers
and project based learning, they moved up from low to medium. In the 2nd cohort,
participating teachers’ perceptions of their experience also increased, but only on two
topics. The changes occurred in engineering and robotics, two of the major themes of the
workshop. In the 3rd cohort, teachers’ perceptions of their experience changed the most,
which was likely attributable to the fact that there was a greater proportion of beginning
teachers in the group (i.e., teachers with 2 years or less experience), so their room for
growth was greater. In all cohorts, teachers’ perceptions changed the most in the specific
topics that were a particular focus of the workshop trainings, which primarily included
engineering, electronics and robotics.

Changes in Teacher Perceptions from SPIRIT Trainings (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 | 2 | 2 2 0 | 3 2
Robotics 1 2 | | 3 2 | 3 2
Programming 2 2 0 2 2 0 1 2 1
Computers 2 3 | 3 3 0 2 3 1
Cooperative 3 3 0 3 3 0 2 3 1
Learning
PBL 2 3 | 3 3 0 2 3 1

The teachers in the sustainability replication trained at Central Community College
were also asked to rate their level of experience in the seven topics that were covered in the
workshop training. In three of the seven categories, (Engineering, Robotics and
Cooperative Learning) teachers” most common rating (mode) increased one category. These
results were similar to those observed in the second year of the previous SPIRIT project, but
not as high as those seen in the first and third years.
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Changes in teacher perceptions (Replication Cohort 4)
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 replication site, the mean scale score for
teachers on the PBL scale rose from 2.7 at the start of the workshop to 3.1 at the end, which
was a statistically significant increase (p<.001, t=4.23, df=17) although it was not a full
category increase. Similarly, the mean scale score for teachers on the STEM scale rose from
3.0 at the start of the workshop to 3.4 at the end, which was also statistically significant
increase (p<.001, t=4.04, df=17), even though it was also not a full category increase.

Teacher training assessment that occurred for the fifth cohort, the Dream It Do It
organization was undertaken with less extensive teacher survey work than previous years,
due to a more flexible group setting, where teachers could come and go at various training
sessions, and bring colleagues for various events through out the year. Surveys instead
focused on providing feedback from individual sessions and teacher requests for particular
information on various topics. Feedback surveys varied for particular sessions, but surveys
were overall very positive, and typically between 4 and 5 on the Likert Scales, representing
between agree and strongly agree that the professional development sessions were beneficial
to teachers. In these sessions new capabilities of the CEENBoT were also introduced to
teachers, including the Graphical Programming Interface and the Graphing Calculator
Interface. Both these new innovations were particularly well received by teachers with some
of the highest rankings of any training sessions. Further teacher training feedback will be
more systematic, and more compatible with this new flexible professional development
format provided in various sessions over the duration of a year, rather than in a single
summer. Teacher training undertaken in the Summers of 2011 and 2012 used single day
feedback forms. Likert scaled items again scored typically between 4 and 5 for all items,
representing agreement and strong agreement by teachers that the sessions were effective.

In all of the teacher professional development institutes, teachers made many
positive comments in open-ended survey questions about how they had been impressed by
and learned from the hands-on laboratory sessions in the workshop. More than a quarter of
the comments were about the building of the robots. .
Participants in all years felt that the workshop in
general, as well as the session on developing lesson
plan ideas and sharing them, would be very helpful
with planning instruction for their students. Teachers
also commented that they had gained a better
appreciation of engineering in general and the course
and career opportunities that could be open to their
students. Teachers also commented favorably about
the diversity of experience of the workshop presenters
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and the enthusiasm that they brought to the topics they facilitated. Also, they liked the
opportunity to work with other teachers and felt that the sessions gave them “concrete
examples for applying in the classroom.”

In all cohorts, the comments about potential improvements to the workshops
primarily related to spending more time on various topics, in particular on the construction
of the robot and the associated electrical theory and electronics. Approximately one-half of
improvement suggestions were about improving the content of sessions, the time devoted
to particular sessions, and the presentation strategy. Teachers found the content of the
workshop challenging both in learning about electronics and engineering, and in
developing some of the skill subsets needed like soldering.

Student Criterion Referenced Test (CRT) results:

As an initial preparation for more formal pilot and field-testing of the SPIRIT
activities, the project leadership worked closely with the Omaha Public Schools early in the
project to investigate possible patterns within the student criterion-referenced test scores of
the students taught by the SPIRIT trained teachers. A total of 29 groupings of these
mathematics and science test scores (representing N=1058 students) have been examined
and have been compared with school and district averages. Some groupings at the 7th and
8th grade levels represented multiple classes of a teacher. Of the 29 groupings of students
examined, represented by their teacher's participation in a SPIRIT workshop, a total of 21
groupings (72.4%) scored above their school averages on the related criterion referenced
tests in mathematics and science, and a total of 23 groups (79.3%) scored above their
district averages. The limitations of using district developed criterion referenced test scores
were quickly apparent within this analysis, and a significant limitation was identified, in
that these assessments might be taken, or even retaken, at various times in the school year.
Thus, although this very
limited evidence cannot
directly support any
possible cause and effect
conclusions, it was still
encouraging, since many
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 Comparisons (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: Sth, 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 Tests and Assessments Efforts:

In our initial investigations of student criterion-referenced test data, and in
curriculum-related pilot tests and field tests, we have found that the use of existing criterion-
referenced test scores available from districts are substantially limited in their ability to
measure student achievement within this project’s context. From our data analysis, it is
apparent to us that district criterion-referenced test score limitations include the following:

a) Limitations Related to CRT Teacher Administration: Because teachers can have

their students retake the CRTs as desired, there is a significant testing difference
in how teachers complete this retake process, and thus the scores don’t compare
reliably across classes, even within a specific school or district.

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

CRTs vary widely across districts, and thus, it is difficult to use these instruments
across districts for effective pilot testing and field-testing efforts that mix schools
or districts.
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c) Limitations Related to District CRT Timing: The timing of the CRTs also vary
widely from teacher to teacher, and district to district, making the variable
timeline of a pre-test to post-test schedule a significant limitation.

Thus, for the further pilot and field-testing of the evolving SPIRIT curriculum, we
decided to use a different strategy for looking at academic performance that is more reliable
across districts and teachers. Conveniently, a sister project that we are closely collaborating
with, the 4-H Robotics and GIS/GPS Scale-Up Project (NSF #0833403) has developed
instruments that we help to refine, use and modify (and have started to use in limited ways
already) that include a STEM content test, a STEM attitudes/interests test, a 21 century
skills reflection, and a longitudinal coursework instrument. The content and attitude tests
have already been refined, and the 21* Century Workplace and Longitudinal Instruments are
currently being refined. We are also working closely with the 4-H Robotics Project in the
sharing of data collection strategies and assessments, which essentially map nicely to both
projects, since some districts are integrating educational robotics both during the school day
(the focus of SPIRIT) and in after school programs and summer camps (the focus of 4-H
Robotics). This cooperation between our two NSF projects is permitting a much better
comparison across interventions and is more promising for curriculum pilot and field-testing.
A more detailed description of the instruments now follows:

1) STEM Concepts Test: This content focused instrument is a 37-item, paper-and-
pencil, multiple-choice assessment, covering a variety of STEM topics including computer
programming, mathematics, geospatial concepts and engineering/robotics. The assessment
is based on a previous 24-item robotics assessment instrument that demonstrated a
Cronbach’s alpha reliability coefficient of 0.86 (Barker & Ansorge, 2007). Two experts from
Carnegie Mellon University’s Robotics Academy and two engineers from the University of
Nebraska at Lincoln Department of Biological Systems Engineering Department validated
the assessment instrument’s content. The overall Cronbach’s alpha reliability coefficient of
0.798 is currently reported for this instrument. New versions of the test are also being
conceptualized and created.

2) Student Attitudes/Interests Test: This instrument was modeled after the Motivated
Strategies for Learning Questionnaire (Pintrich, et al., 1991). The questionnaire focuses on
the following eight constructs: task values/attitudes for science, mathematics, robotics and
GPS/GIS, problem solving/critical thinking, teamwork cooperative learning/teamwork, self-
efficacy in robotics and self-efficacy in GPS/GIS. The task value for science includes
questions like “It is important to me to learn how to conduct a scientific investigation.” The
mathematics task value construct includes questions like “It is important for me to learn how
to make accurate measurements to help solve mathematical problems.” The robotics
construct asks questions like “It is important for me to learn about robotics.” The GPS/GIS
construct includes questions like “It is important for me to learn about GPS.” In addition,
problem solving skills (i.e. “I try new methods to solve a problem when one does not work)
and teamwork constructs (i.e. “I like being part of a team that is trying to solve a problem™)
are also included. Finally the instrument examined self-efficacy in robotics and GPS/GIS
concepts. The overall Cronbach’s alpha reliability coefficient of 0.94 was reported as an
average for previous administrations of the post attitudinal instrument. The SPIRIT project
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will also soon be adding GPS activities, so these additions make this new instrument
particularly relevant.

3) 21" Century Workplace Skills Reflection: This instrument, which is currently
undergoing further validation and refinement, includes 21 questions that ask students about
common workplace skills such as speaking, writing, and listening, within a STEM context.
The instrument is based on the Secretary’s Commission on Achieving Necessary Skills
(SCANS) report. The 21* Century Workplace Skills Reflection instrument has been
increasingly requested by educators involved in both the SPIRIT and 4-H Robotics projects.

4) Longitudinal Instrument: This instrument has been designed to ask students about
their interests in high school STEM coursework, and why they are interested in such
coursework, within a set of questions in each of seven short reflection sections. The
instrument has been designed so that it can also be used to track students within a particular
school or district, to see if students take more STEM coursework, after experiencing a
course, club, or summer camp with educational robotics.

5) Big Ideas Open Ended Questions Instrument: This instrument has been designed
to ask students about seven “Big Conceptual Ideas” that are targeted in the SPIRIT Project,
including: What is a robot?; What is a variable?; What is the engineering design process?;
What is a computer program?; What is science?; What is mathematics?; and How are robots
used in real life? These questions are then consensus scored between pretests and posttests
by a group of three or more teachers external to the classroom setting.

In addition to the key instruments described above, two short lesson feedback surveys
are also being used in the SPIRIT curriculum refinement process, to receive formative
feedback from teachers and students who pilot particular SPIRIT lessons and activities, and
then provide revision suggestions to potentially improve the lessons. These feedback forms
ask teachers and students how they liked the lessons, what they believe they learned in the
lessons, and how the lessons might be improved.

Finally, the State of Nebraska has also developed an online career planning
assessment for middle school and high school students that is being used in selected pilot
testing and field-testing efforts for the evolving SPIRIT curriculum, as a way to include
student career interest in some of the evolving analyses.

Status of Initial Pilot Testing, Field Testing and Test Site Agreements:

In 2012 and 2013, as our SPIRIT efforts are now moving into more extensive pilot
testing of lessons and field-testing of lesson sets (with various curriculum components) we
plan to continue to steadily expand and refine the curriculum. We have initiated further
work with area school districts to assist in the pilot and field-testing process, as well as to
provide control groups of students (who will not be using educational robotics) to permit
comparisons. We are also working on larger field-testing efforts, where large groups of
lessons are being tested over a longer duration (such as a summer session or full semester)
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and involve larger numbers of sequenced lessons. These pilot testing and field-testing
agreements have evolved steadily, and include the following progress:

1) We have continued updating our Institutional Review Board approvals from the
University of Nebraska Medical Center for permission to undertake pilot testing and
field-testing with 12 different area school districts within the Metropolitan Omaha
Education Consortium (MOEC). This includes an excellent diversity of students
and educational settings. The IRB approval number is: 443-09 EX.

2) We have already successfully conducted small short duration pilot test sessions of
three-hour durations, with 141 students, at Educational Service Unit #3, an
educational support facility serving the MOEC schools. These results have been
encouraging, particularly related to student STEM attitudes (described in next
section). We are continuing short duration pilot testing as we undertake longer
duration testing.

3) We have worked with Lewis and Clark Middle School (Omaha Public Schools) to
undertake a longitudinal SPIRIT robotics field test effort. We did some pilot
activities and field tests with students during 2010, 2011, and 2012 and will
undertake further field-testing in 2013. This has involved more than 200 students to
date in science and technology innovation classes and will continue to expand. In
2013, they will undertake a well-sequenced set of educational robotics lessons that
also includes the building and testing of CEENBoT robots.

4) We are arranging other 2013 summer and holiday robotics camps to be held at
Daniel J. Gross High School in Omaha. These SPIRIT educational robotics camp
will build upon the successful 2010, 2011 and 2013 summer camp efforts, and
involve both middle school and high school students.

5) We have trained 12 STEM teachers at Lincoln Northeast High School, and an
outside funder contributed 70 CEENboTs to the school. We are continuing to work
with the Lincoln Northeast faculty and administrators to plan curriculum-based uses
of the CEENBoTs and the integration of the SPIRIT curriculum and lessons. This
high school is very engaged, and evolving to be an excellent partner in the SPIRIT
2.0 project.

6) We are organizing additional camps and interventions of two to five days duration
each that will also undertake smaller field-tests of various sets of SPIRIT lessons,
and that will be held at several locations in Nebraska. The efforts build on the
2010, 2011 and 2012 efforts and 2013 efforts will field-test a set of sequenced
lessons and activities from the curriculum.

7) We are now working with 13 school districts in the Dream It Do It organization of
Nebraska for field-testing efforts. Each of these school districts, with both rural and
urban settings, have had several teachers trained in the SPIRIT Robotics
curriculum, and received from 7 to 10 CEENBoTs. The schools have agreed to try
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8) We are successfully arranging further control group sessions for this 2013. Asa
reward for district participation in the control group process, we are also scheduling
a three-hour robotics event for students and teachers at each school district control
group site, which would involve a set of robotics exploration stations that would be
staffed by our team members (SPIRIT educators and engineers). This event would
be conducted after the control group data is received. At a designated time period
before the participation session, the teachers have the involved students take the
STEM content and STEM attitude instruments. The teachers then bring those
completed pretest instruments to the session, and take another set of tests before the
event begins, to capture control group comparison information.

9) In 2012, we entered into an extensive agreement with
the Nebraska Association of the Gifted (NAG) and held
three training sessions, involving 120 teachers. These
teachers are now being invited to become part of the
pilot testing and field-testing process. The project is
also helping NAG arrange mini-grants for teachers of -
additional CEENBoTs for schools willing to participate W
in field-testing efforts.

In summary, we have already had initiated agreements with the following
organizations to assist in pilot testing and field-testing. Some efforts were conducted in
2010 and 2011 and more refined pilot testing and field-testing will be undertaken in 2012.
Other districts and organizations are now also expressing an interest in contributing to this
process. The willingness for educational organizations to collaborate in the pilot testing
and field-testing process is in itself encouraging, as this demonstrates the educational value
and reputation that they already see in the SPIRIT curriculum. A full list of the pilot
testing and field-testing partnerships are now provided.

a) The Metropolitan Omaha Education Consortium (11 public school districts)
b) Daniel J. Gross High School (private school - Catholic)

c) The Omaha Public Schools (large urban public school district / high minority)
d) Lincoln Northeast High School (large urban high school)

e) Educational Service Unit #5 (representing 17 small rural school districts)

f) The Papillion-LaVista Schools (moderate sized urban district)

g) The Gretna Public Schools (moderate sized urban district)

h) The Westside Community Schools (moderate sized urban district)

1) Lewis and Clark Middle School (urban middle school / high minority)

j) Educational Service Unit #3 (representing 15 small/moderate sized districts)
k) Dream It Do It (representing 13 rural districts)

1) Nebraska Association of the Gifted (120 teachers invited to field test in 2013)
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Pilot Test Results to Date:

Pilot testing during SPIRIT project to date encompassed two types of pilot testing
formats, which included a short-term intervention of roughly three hours in duration as
well as longer interventions that lasted for several days over a period of time. The short-
term interventions undertook samples of up to three short lessons, while the longer pilot
test interventions undertook four or more well-sequenced lessons. Each intervention was
facilitated by a well-trained SPIRIT teacher.

Short-Duration Pilot Test:

A total of 141 students participated in the short-term pilot testing process for
SPIRIT. These students were involved in three tests of individual SPIRIT lessons, lesson
components, or robotics related activities. The lessons focused on: 1) algebraic slope,
using robots to move up ramps, 2) the chemistry of batteries, moving a robot that was
connected to different battery types, and 3) the physics of movement, by examining the
movement of different robots. This short intervention activity was also collaborated
closely with the Nebraska 4-H Robotics team who participated in some of the pilot
activities. That partner grant project will soon be transitioning to the CEENBoT robot as
their operational robotics platform.

The short-term intervention (pilot test) data was retrieved in a time series design
process that included a first set of pretests (given about a week before the pilot activities),
a second set of pretests (given right before the pilot activities), and a final set of posttests
(given right after the pilot activities). The pilot activities lasted about 3 hours with
students. The participating students were recruited through the Nebraska’s Educational
Service Units (ESU), a set of 19 state-funded educational support organizations. The
ESUs sent e-mails to schools and curriculum leaders in the Omaha area inviting their
participation in the research. Schools were asked to try to target a mix of student abilities,
interests, gender, and ethnicities to reflect the school’s general population of students.
They were asked to avoid having only interested or high ability students participate. The
resulting group of 141 students was 74% male, 20% minority, and had a mean age of
11.39 years.

The content learning instrument used in the pilot testing process was from the 4-H
Robotics Project and was a 37-item, paper-and-pencil, multiple-choice assessment,
covering mathematics (including fractions and ratios), geospatial concepts (coordinate
estimation based on location), engineering (such as gears and sensors), and computer
programming (such as looping and multi-tasking). Two experts from Carnegie Mellon
University’s Robotics Academy and two engineers from the University of Nebraska at
Lincoln Biological Systems Engineering Department had previously helped to validate the
assessment instrument’s content. The same instrument was used as the pre- and post-test,
and a Cronbach’s alpha reliability coefficient of .80 was reported for the administration of
the posttest.

The attitude instrument given to the participating students, consisted of 33 Likert
scale items, and was also from the 4-H Robotics Project. It was modeled after the
Motivated Strategies for Learning Questionnaire (Pintrich, Smith, Garcia, & McKeachie,
1991) and included two subsections focusing on motivation and the use of learning
strategies. The overall Cronbach alpha reliability of this instrument computed earlier by
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the 4-H Robotics team was .95, with individual scale alphas running from .64 to .88.

Pre-post learning results. Data was analyzed by Dr. Gwen Nugent, of the
University of Nebraska Center for Research on Children, Youth, Families, and Schools. A
dependent t-test showed that although there was a slight increase in content test scores
(Pre M =16.57, post M = 16.81), the increase was not significant (t (131) = .91, p = .36).
Thus, these results indicated that the short-term pilot testing intervention focusing on
relatively short duration lessons and lesson components did not significantly impact
learning on the content instrument.

Pre-post attitudinal results. The attitudinal data sets from the short-term
intervention were also analyzed by Dr. Nugent. A dependent t-test comparing overall
attitude scores showed that there was a significant increase in attitudes for the youth
experiencing the short-term intervention (t (123) = 6.92, p <.0001, d = .62). The mean
attitude score increased from 4.09 (pre) to 4.34 (post). To provide more insight into these
increases additional dependent t-tests were run for each of the attitude scale scores. All of
the scales showed a significant increase. The time series non-intervention phase (acting as
a control group process) indicated no significant increases.

Although the short-term pilot test intervention had no impact on student learning, we
really did not expect this result for such short duration interventions, particularly since these
shorter interventions were mainly about curriculum improvement, as well as building
student awareness and interest. It would appear that three hours of robotics activities, no
matter how interesting, engaging, and well facilitated, will probably not provide enough
time to cover topics with sufficient depth and structure to promote student understanding as
identified on this instrument. Students are of course introduced to certain educational
robotics and STEM topics during these short duration events, as integrated into the
activities, but the time constraints would not seem to allow for a full exploration of concepts
and processes necessary to promote learning.

While the short-term pilot testing intervention did not have a direct impact on
student learning as measured by the content assessment, it did impact student attitudes, as
measured by that assessment. Students’ attitudes towards science, mathematics, and
technology all increased from pre to post, as well as their self-efficacy with robotics. This
attitude improvement result is likely also due to the fact that the activities in the short-term
pilot testing interventions were specifically selected and designed to be highly engaging and
motivating, with limited cognitive load. As previously discussed, the short-term nature of
the pilot interventions also meant that the individual activities for this instructional setting
could not contain extensive mathematics and science background material and the needed
calculations to perform the tasks on this short intervention timeline. Similarly, the short
duration activities could not illustrate the complete scientific inquiry or engineering design
processes, which may have led to a relatively superficial content focus for these shorter pilot
tests. This emphasis on the affective, as opposed to cognitive, domain appeared to
contribute to the more positive views of youth in the short-term pilot intervention.

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

Shorter duration pilot tests also help to provide a nice reward strategy for the schools
and districts that are willing to act as control group settings for us, since we can then offer
them a short duration robotics event in return for piloting shorter duration lessons, that
would be provided after the control group data is collected. This later robotics event may
also perhaps serve a motivational role to encourage both youth and educators to seek out
additional opportunities to explore educational robotics in greater detail.

Longer Duration Pilot Tests:

Three SPIRIT teachers were asked to undertake longer duration pilot tests with
selected lessons of the SPIRIT curriculum over a full semester. In this process, the teachers
selected eight or more lessons that would be most aligned with their curriculum. Lessons
were piloted approximately every two weeks or so, and aligned with the current content
responsibilities of the course. The pilot classes were generally small, due to requests from
the participating school districts. Three teachers and three different classes were involved,
including a middle school mathematics class (N=12), a middle school innovations science
class (N=18), and a high school special engineering topics seminar (N=7). Lessons were all
carefully selected, sequenced and aligned with the curriculum. Control groups were very
difficult to establish in this field-testing effort. Since the same age student had participated
in the short duration pilot tests (N=141), and those pilot tests had used a time series design
(pre-pre-post) with a no intervention phase, that data was used as a very limited comparison
group. The same content and attitude instruments (as described earlier) were also used in all
the groups being examined.

The middle school mathematics teacher selected eight lessons that aligned generally
with topics in introductory algebra, and undertook a one to two hour educational robotics
lesson about every two weeks. The 12 participating students took the content and attitude
instruments at the beginning and at the end of the semester. A total of seven males and five
females participated. Using a dependent t-test, the students’ scores were examined for both
the content and attitude instruments. For the content instrument, a dependent t-test showed
that there was a slight but significant increase in content test scores, and particularly
mathematics questions (Pre M=13.25, S=3.98; Post M=15.00, S=3.02), which was
significant (t (11) =2.83, p=.016). For the attitude assessment, another dependent t-test
was also used. The attitude scores also showed a significant increase (Pre M=127.5,
S=23.6; Post M=140.3, S=17.61), which was significant (t (10) = 3.23, p =.010).

The middle school innovations science teacher selected eight lessons that aligned
generally with topics in engineering and technology invention, and also piloted a one to two
hour educational robotics lesson about every two weeks. The 18 participating students took
the content and attitude instruments at the beginning and at the end of the semester. A total
of ten males and eight females participated. Using a dependent t-test, the students’ scores
were examined for both the content and attitude instruments. For the content instrument, a
dependent t-test showed that there was only a small increase in content test scores (Pre
M=14.0, S=3.43; Post M=14.5, S=3.36), and was not significant (t (17) = 0.67, p = .509).
For the attitude assessment, another dependent t-test was also used. The attitude scores also
showed only a small increase (Pre M=130.0, S=13.9; Post M=132.1, S=9.96), and was again
not significant (t (16) =0.73, p = .471).
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The high school engineering seminar teacher selected eight lessons that aligned
generally with topics in engineering design, and also piloted a one to two hour educational
robotics lesson about every two weeks. The 7 participating students also took the content
and attitude instruments at the beginning and at the end of the semester. These students
were ninth graders and represented a total of seven males participated in the all male
seminar class. Using a dependent t-test, the students’ scores were examined for both the
content and attitude instruments. For the content instrument, a dependent t-test also showed
that there was only a small increase in content test scores (Pre M=18.8, S=3.23; Post
M=19.1, S=3.71), and was not significant (t (6) = 0.31, p =.766). For the attitude
assessment, another dependent t-test was also used. The attitude scores also showed only a
small increase (Pre M=130.3, S=8.9; Post M=136.6, S=12.7), and was again, not significant
(t (6)=1.04, p=.338).

Some Pilot Test Interpretations and Strategy Modifications for Field Tests:

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

One study limitation that became obvious in the longer duration pilot-testing process
was that the content testing process needed to be better aligned with the specific content
being taught. The SPIRIT team better planned the field-testing process for later 2010 and
2011 to help teachers focus on content, as well as undertook revisions to the content testing
instrumentation, to include more specialized questions focused on particular coursework
threads, such as introductory algebra. In addition, the teachers for later field-testing on
content were asked to carefully study the chosen curriculum activities ahead of time, and to
see how these activities might directly emphasize the targeted content. If desired, a SPIRIT
team member was available to discuss how on how a particular lesson might be used to
emphasize instructional content.

2010 Field Test Study of the SPIRIT Lessons in Middle School Robotics Camp

A set of more focused field tests of the CEENBoT robotics platform using lessons
and activities from the SPIRIT website were undertaken in 2010 and 2011. Each of these
carefully controlled tests was conducted at Gross High School, 7700 S 43rd St, Bellevue,
Nebraska. The tests were conducted with full permission of the school, district, and parents.

The first set of field tests in 2010 consisted of two three day sessions, June 23, 24, 25,
2010 and July 14, 15, 16, 2010, starting at 9:00 AM and lasting until Noon on each day. The
field test was facilitated by Mr. Steve Hamersky who teaches science and computer
technology at Gross High School. The activities used during the field test were selected to
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test new features of the CEENBOT robotics platform such as the data display as well as the
durability and usability of the platform.

The 2010 field test was organized as a robotics summer camp where the students paid
$40 to attend. Flyers were sent to area elementary and middle schools both public and
private. The summer camp was intended to be a fun experience with more hands-on activities
with the robots and less formal teaching. The summer camp format showed a wide appeal in
that the first three day camp session filled and an additional three day camp session was
added. The additional session lead to some confusion about which session to attend as some
students had signed up for the second session, but attended the first which created an
imbalance in the number of attendees in each field test. The first session had 22 participants
and the second session had only 7 participants. There were also 2 to 4 secondary school
students who helped facilitate the sessions. The secondary school students helped the
participants with robot operations and troubleshooting and helped setup the robot game
activities that would conclude each day.

The learning materials used in the field test activities were selected from the cyber
infrastructure with topics chosen to provide exciting and engaging hands-on work with the
robot. An engineering notebook was also selected from the CEENBoT educational materials
which contained an introduction to the engineering notebook and blank graph paper pages for
drawing diagrams and recording data. Participants could use the engineering notebook to
plan " -
strategies or
write
reflections on
activities.
Ten = I o
CEENBoTS , — -
were used during the field test which allowed most students to work in groups of two. The
first session required two groups of three participants due to participants attending the wrong
session. During the second session participants could each 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 activities
start by asking questions (A) to create interest and
excitement that is followed by an open-ended
exploration (E) of the concepts and skills related to
the lesson topic. Once participants have had some
experiences with the content they are ready for
instruction (I) on the lesson topic. After
instruction, an indepth study and data collection is
completed and organized (O), and then the lesson
is concluded with an activity that checks for
participant understanding (U). Since this field test was part of a summer camp, the selected
activities generally included the asking and exploring activities, with some instructing and
organizing activities depending on the lesson. For some lessons, the organizing activity was
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substituted for the exploring activity, and the post-test on the last day of the camp was used
to test for understanding. The instructors of the summer camp were pleased with the
flexibility of the SPIRIT lesson activities.

The 2010 field test activities on the first day started with the content pre test and
attitude surveys. Participants were introduced to working in the laboratory area safely and
using the robots properly through an activity called Meet the Bot. Career opportunities in
the STEM areas were discussed during the Asking portion as well as the basic operation of
the CEENBoT robotics platform. Participants explored the circuit board and remote controls
and practiced their robot driving skills. Computer programming opportunities and details
were explored next in an activity called Reverse the Bump. The CEENBoT robotics
platform can operate in a bump mode where they will avoid collisions using infrared
sensors. Participants explored how the robot would react to collisions when in the bump
mode and then they were to develop the bump mode pseudo-code algorithm. The first day
concluded with a game activity called the Bump Bot Derby where participants operated
their robot in the bump mode and were required to move the robot from a starting point to a
finish bulls-eye by bumping off two cardboard boxes. The participant placed the cardboard
boxes first before starting their robot that required the 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 electrical
concepts such as current, energy and
battery capacity. The latest CEENBoT
robotics platform has a data display panel
that shows numeric values such as
revolutions, speed, current, and energy.
The first activity called Go the Distance
had participants explore distance,
circumference, and speed culminating in
a group graphing activity where the
robots are used to plot a distance verses
speed graph. The second activity used electrical circuit kits (Snap Kits) to explore electrical
current and voltage by building various circuits. Then the participants went back to the
robots in the third activity called Juice the Bot and investigated the LCD data display of
electrical current and energy, and collected data to plot an energy verses speed graph. The
second day concluded with a challenge called Short Distance Run Around in which
participants used their robot to knock down a random array of blocks trying to minimize the
energy and revolutions.

The field test concluded on the third day with a challenge to modify the robot to play
soccer. Participants were given some metal strips, bolts, tape, and a file folder and were
asked to create an extension on the robot that could catch and pass a small soccer ball. After
the modifications were complete the participants completed the post-test and surveys. Once
the tests and surveys were complete, the participants used the robots to play a match of two-
on-two soccer. The designs were quite diverse and effective as students were able to utilize
the extra holes drilled into the CEENBoT chassis. The robot modification activity served as
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an illustration of many engineering concepts such as the engineering design process, problem
solving, communication, and applied science.

The field test was evaluated with pre and post-tests and surveys consisting of three
tools: a knowledge test, an interest survey, and longitudinal study survey (as detailed earlier).
The knowledge test covered many topics that are typically part of a robot workshop with a
longer time frame. The activities for this field test were not necessarily selected to cover all
topics contained on the knowledge test. The surveys were designed to capture changes in the
participant attitudes toward Science, Technology, Engineering, and Mathematics (STEM)
content and whether participants might enroll in STEM courses in the future.

Survey and test analysis was done only for students that had turned in the parent
consent form and that took both the pre and post-tests and surveys. For each test or survey
item, an increase in score was a positive change, a decrease was a negative change, and the
averages used included both positive and negative changes. The pre and posttest and survey
data for both sessions, June and July, were put together for analysis. For the June session
there were 16 student tests included, for the July session there were 4 student tests included
(81%, 19%). The ethnic and grade level distributions for the included tests and surveys were
18 white, 2 hispanic, and 1 black (85%, 10% 5%) and 3 grade six, 8 grade seven, 8 grade
eight, and 2 grade nine (14%, 38%, 38%, 10%). The age and gender distributions were 4 at
11 years, 8 at 12 years, 7 at 13 years, 1 at 14 years, 1 at 15 years (19%, 38%, 33%, 5%, 5%),
with 20 male and 1 female (95%, 5%). A series of paired t-tests were undertaken on the
knowledge, interests, and expected high school coursework.

On the knowledge test there was an overall average increase of 9 correct answers
from pre-test to post-test on the 33 questions test (p <.05). The questions with individual
significant increases (of p <.05) involved questions related to the formula for distance,
speed, and time (Q28, Q32), and the formula for circumference (Q36, Q37), which were
topics included in activities done with the robot. The pre and post interest survey questions
also showed an overall significant increase of a score of 129 to 132 (p <.05), and with
stronger agreement of interest (p <.05) between pretest to posttest, with individually
significant increases in questions related to using the scientific method (Q13), mathematical
formulas (Q14), the engineering design process (Q20), and collaborative team work (Q29,
Q30).

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

The 2010 field test demonstrated a number
of positive aspects involving the use of robotics in
the educational environment including student
motivation, lesson activity format, and robotics
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platform features. Using robots in the summer camp field test doubled the normal
enrollment over the other summer camps that utilized computer based activities and required
that a second session be opened for the additional robotics camp participants. The AEIOU
lesson activity format proved to be very useful and adaptable to different uses and
situations. The instructors felt that the cyberinfrastructure provided an efficient means to
search and select lessons and the AEIOU format provided a structure that facilitated the
adaptation of lessons to this specific camp offering. The summer camp environment tends to
be less academic than class work done during a regular school session. The summer camp
activities were developed mainly from the asking, exploring, and instructing portions of the
lessons with some organizing added as well. Students responded well, seemed to be
motivated by asking questions, enjoyed exploring science and mathematics concepts with
the robot, and were interested in learning more about robot operations through instruction.
The CEENBOoT robotics platform supported the activities and through the exposed structure,
circuit boards, and motors, motivated the students to learn more about related science and
engineering concepts. Students showed an immediate interest in modifying the robot
through reprogramming or structural changes and seemed to really enjoy modifying the
robot for use in the soccer activity.

2011 Field Test Study of SPIRIT Lessons in Middle School Robotics Camp

Two 2011 field tests of the CEENBoT robotics platform using lessons and activities
from the SPIRIT website were conducted at Gross High School, 7700 S 43rd St, Bellevue,
Nebraska. The first 2011 field test was offered during the winter break on Tuesday December
28 and 29, 2010 from 9:00 AM to 2:00 PM. The second 2011 field test was offered during
summer break on Monday July 18 and Tuesday July 19, 2011, and again on Wednesday July 20
and Thursday July 21, 2011 from 9:00 AM to 2:00 PM. The field tests were again facilitated by
Mr. Steve Hamersky who teaches science and computer technology at Gross High School. The
activities used during the field tests were selected to test
new features of the robotics platform such as the data
display and graphical programming as well as the
durability and usability of the platform.

The 2011 field tests were organized as a robotics
winter break camp and two sessions of a summer break
camp. Students paid $40 for the winter break camp and
$50 for the summer break camp. For the winter break
camp special flyers were mailed directly to the home of
students using a middle school student information ES (S8
database maintained by Gross High School. The flyer was designed to strongly market the camp
and included an incentive to attract more female participants. A female participant could bring
along another female friend and the second female friend would pay half price. The marketing
information for the summer break camp was included in a flyer along with other Gross High
School summer camps such as sports and art camps and again mailed directly to the homes of
students and sent in batches to area middle schools for distribution to potential participants. The
summer camp flyer did not strongly market the camp and the discount for female students could
not be included.

The winter break camp had 37 participants of which 24 were male and 13 were female
(65%, 34%). The summer break camps had 21 participants attend both sessions of which 20




Page 81

were male and 1 was female (95%, 5%). The winter break camp had more participants than the
two summer break camps combined and more than twice the percentage of the participants were
female in the winter camp compared with the summer camps. The stronger marketing seems to
have attracted more students into the winter break camp and the female incentive in the
marketing flyer appears to have attracted more female students. There are fewer options for
camp opportunities during the winter break, so that may have contributed to the larger
registration numbers as well.

The larger number of students in the winter break camp required that the camp activities
be offered as multiple class sessions and two additional teacher assistants from Gross High
School helped facilitate the classes. In addition, Gross High School students volunteered to help
at the camp and as it turned out the high school students did much of the teaching with the high
school teacher assistants handling classroom control and maintaining the daily schedule. The
teacher assistants were Mrs. Barbara Anderson-
Rogers a physical science and life sciences teacher,
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 to
observe how educational robots can be used with
students as both the teacher assistants are interested
in integrating the robotics platform into their classes.

Each day of the winter break camp was
divided into two class periods of 1 hour each in the morning, a half hour lunch break, another
class period of 1 hour in the afternoon, and a concluding half hour of an Engineering Expo.
During the Engineering Expo the participants would demonstrate their last class activity to their
family members before leaving the camp for the day. The three classes at the winter break camp
were (1) CEENBoT programming using the new graphical programming interface CEENBoT
Commander, (2) Basic electricity using Snap Kits and other robots including the iSOBOT, and
(3) engineering design where participants built a prototype robot arm from balsa wood and other
materials. Smaller groups of about 12 participants would rotate between the classes. Each
participant was paired with another participant to make smaller teams within each group.
Participants were provided an Engineering Notebook and were encouraged to document their
work in the notebook. The notebooks were evaluated by the teacher assistants and the ratings
were compiled along with the results of the challenges and the student teams were ranked.
Participants were instructed that team rankings would be used to award prizes at the end of the
field test.

The CEENBoT programming class used the CEENBoT robotics platform and the new
CEENBoT Commander graphical programming interface. The participants were introduced to
the programming methods which they applied to a challenge of using the CEENBoT to "plow
snow" from a "driveway". The snow consisted of wads of paper and the driveway was a
rectangular area taped on the floor. Participants practiced simple programming during the first
day and programmed their solution to the challenge on the second day. The programming
methods were demonstrated by the high school students and the challenge results, how many
wads of paper were removed from the driveway area for each team, were recorded by the
teacher assistants.
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The basic electricity and other robots class was more exploratory. A high school student
demonstrated the use of the Snap Kits and how the iSOBOT can be programmed. Participants
seemed to enjoy both activities and the open exploration the activities provided. Both the Snap
Kits and the ISOBOT come with instructions and activities that were introduced to the students,
and then the participants were allowed to explore on their own. Participants were encouraged to
document their activities in their Engineering Notebook and their team effectiveness and
documentation was rated by the teacher assistants.

The engineering design class involved a challenge to lift a given amount of weight with
a robot arm prototype to be built from balsa wood and other materials. The teacher and students
discussed the engineering design process and the goal of the challenge, and then the participants
spent some time planning their design. Participants were encouraged to document their plan in
their Engineering Notebook. Participants built and tested their designs and the teams were rated
based on the effectiveness of their design and how well they documented their work.

The team rankings were used to award prizes during the Engineering Expo on the
second day with the highest ranked teams able to select prizes first from a prize table before the
lower ranked teams. The students were reminded during the classes to participate fully and to
document their work and that the teams would be ranked for the prize awards. There were prizes
for all student teams but some prizes were of higher quality and interest to the students. As it
turned out, all the top prizes were won by student teams that included or were entirely made up
of female students. It seemed during the activities the female teams would focus more on the
goal of the activity where as male teams would do more self directed exploration that may or
may not contribute to the activity goal.

The winter break camp was evaluated with the same pre and posttests that were used for
the Robotics Expo 2011 that included some demographics information, robotics knowledge,
workplace skills, attitudes toward STEM, and interest in future careers. The activities for this
field test were not necessarily selected to cover all the topics contained on the knowledge test.
The surveys were designed to capture changes in the attitudes and interests of the participants.
Survey and test analysis was done only for students that turned in the parent consent form and
that took both the pre and post tests. There were 37 participant results included of which 24
were male and 13 were female (65%, 34%). The ethnic and age distributions for the included
pre and post tests were 2 Hispanic/Latino, 34 white, 1 multi-racial (5%, 92%, 3%) and 8 at 10
years, 16 at 11 years, 7 at 12 years, 4 at 13 years, and 2 at 14 years (22%, 43%, 19%, 11%, 5%).

On the knowledge test there was a significant increase (P < .05) for the number of
correct answers from 9.4 to 9.8 points from pretest to post-test on the 18 question test. Test
questions relating to computer programming (Q1, Q3, Q15) contributed most to the net average
increase (0.24, 0.22, 0.11). The net average increase in ratings describes how much the rating
increased averaged over all survey participants. A net average increase of 0.50 means the net
average rating increased by 0.50 for the 1 to 5 on the survey, such as from 3.2 to 3.7. Survey
items on workplace skills, attitudes toward STEM, and interest in future careers were stated in a
positive way so that an increase in score would indicate an improved attitude toward the skill.
Each statement was rated on a 5 point scale with 5 indicating strong agreement and 1 indicating
strong disagreement. The workplace skills survey questions had average scores that
significantly increased (P<.05) from 87.7 to 91.8 with questions about using step by step
problem solving and working with different people (Q2, Q11) with the highest average net
increase (0.51, 0.43) with ability to brainstorm, team contribution, planning, and presentation
skills (Q1, Q21, Q3, Q6) also having higher positive average net increase in ratings (0.38, 0.35,
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0.32, 0.32). The attitudes towards STEM survey questions had average pretest and post-test
scores that did not significantly change (66.9, 66.9), with confidence in programming (Q13,
Q15) having the highest average net increase in ratings (0.46, 0.30). The career interest survey
questions also had average pretest and post-test scores that did not change (13.4, 13.4).

The summer break camps were split into two sessions and had 12 participants in the first
session and 9 participants in the second session. These sessions were small enough so that the
students could stay together in a single group. The participants were placed in teams of two
participants and each team had one robot to use. Two to three driver controlled activities were
done each morning in a science classroom, then after a 30 minute lunch break the participants
met in a computer lab to do programming activities with CEENBoT Commander the graphical
programming interface. The summer 2011 field test was facilitated by Mr. Steve Hamersky who
did all the teaching and was assisted by 4 to 5 high school students who helped participants
work with robots and computers (for programming) and they judged the contests and
engineering notebooks.

Activities followed the SPIRIT lesson format with asking, exploring, instructing,
organizing, and understanding (AEIOU) components. The activity started with the facilitator
asking questions and participants exploring the lesson concepts for a few minutes. Additional
instruction was given and participants would organize their thinking and plan for an activity
challenge to be completed and used to evaluate the participant understanding. All activities
involved a challenge or prepared for a challenge. Participants were aware of the challenges and
were aware that the challenge results would be used to rank the teams and that there were prizes
for the higher ranked teams. Participants were also encouraged throughout the field test to
document their work in their engineering notebook and were told that the notebooks evaluation
scores would be included in the team ranking scores.

It had been noticed in other field tests with = |
middle and high school level participants that the current \
version of the CEENBoT had components that can
become damaged. The infrared sensors on the front and
the wireless receiver that plugs into the printed circuit
board are particularly at risk for damage. In preparation
for the summer field test the instructor and the high
school student helpers designed and installed shields
made from polycarbonate plastic on the front of the
CEENBOoTs. The shields worked very effectively
providing the needed protection yet allowing access to the printed circuit board. There were no
CEENBoTs damaged during the summer field test due in large part to the protection provided
by the polycarbonate plastic shields.

Participants started with an introductory activity about the robot and how to work in lab
areas safely. To practice mathematics and driving skills the participants completed a component
challenge activity that involved calculating ratios and setting speeds on the robot. A group
graphing activity was completed where a group of robots created a linear graph by using
different speed settings. Participants then worked on an activity to determine the wheel
revolutions required for forward movement and 90 degree turns. This information was used in
the next activity where the participants started programming the robots and were challenged to
follow a prescribed path. The path involved the forward movement and 90 degree turns that the
participants had studied earlier. The morning of the second day participants completed a
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CEENBoT bump mode challenge activity were they would score points if they could bump off
other robots in real time. They had to understand how the bump mode was programmed, how
the Infrared sensors worked, and the bump mode program algorithm built into the robot.
Participants completed the programming challenge in the afternoon of the second day applying
programming ideas such as sequential statements, algorithms, and modular program design.

The summer 2011 field test sessions were evaluated with the same pre and post tests that
were used for the Robotics Expo 2011 and the winter 2010 field test. The activities for this field
test were not necessarily selected to cover all the topics contained on the knowledge test. Survey
and test analysis was done only for participants that turned in the parent consent form and that
took both the pre and post tests for which there were 28 participant results included of which 20
were male and 1 were female (95%, 5%). The ethnic and age distributions for the included pre
and post tests were 1 Hispanic/Latino, 19 white, 1 multi-racial (5%, 90%, 5%) and 4 at 11 years,
9 at 12 years, 1 at 13 years, and 7 at 14 years (19%, 43%, 5%, 33%).

On the knowledge test there was a significant (P <.05) average increase for the number
of correct answers from 10.9 to 11.5 points from pretest to post-test on the 18 question test. Test
questions relating to computer programming and robot sensors (Q3, Q4) contributed most to the
net average increase (0.39, 0.13). The net average increase in ratings describes how much the
rating increased averaged over all survey participants. A net average increase of 0.50 means the
net average rating increased by 0.50 for the 1 to 5 on the survey, such as from 3.2 to 3.7. Survey
items on workplace skills, attitudes toward STEM, and interest in future careers were again
stated in a positive way so that an increase in score would indicate an improved attitude toward
the skill. Each statement was rated on a 5 point scale with 5 indicating strong agreement and 1
indicating strong disagreement. The workplace skills survey questions had a significant (P <
.05) average score increase from 88.4 to 92.9 points with questions about brainstorming,
presentation skills, and problem analysis (Q1, Q6, Q19) with the highest average net increased
rating (0.50, 0.45, 0.45) with planning, communication, and problem analysis (Q3, QS5, Q9) also
having a positive average net increase in ratings (0.41, 0.41, 0.41). The attitudes towards STEM
survey questions had a small (not significant) increase in scores (65.2, 65.8), with confidence in
programming (Q13, Q15) having the highest net average increase in ratings (0.45, 0.45).
Questions about communication and problem analysis (Q6, Q7, Q9) showed a significant (p <
.05) positive average net increase in ratings (0.23, 0.23, 0.27). The career interest survey
questions had a slight but significant (p < .05) increase 13.6 to 14.3 in average ratings with
scientist (Q1) receiving the highest net average rating (0.41) with engineer (Q2) also having a
higher net average rating (0.18).

The 2011 winter and summer field tests held at Gross High School provided valuable
insights into the implementation of the AEIOU teaching model, the use of educational robots
with middle school level participants, and the use of the CEENBoT robotics platform. The
AEIOU teaching model was used as the basis for the development of the field test activities.
Each field test seemed to improve in terms of participant involvement and interest, and with the
addition of the robot shield and the use of the CEENBoT Commander programming
environment the robotics platform proved to be very usable with middle school level
participants.

The first step in the AEIOU teaching model is asking questions (A) and instructors in
the field test found that asking questions does generate interest in the activity and participants
seemed to enjoy sharing ideas. Participants also enjoyed exploring ideas and skills (E) and the
individualized one-to-one instruction (I) helped participants begin to apply the ideas and skills



Page 85

to the activity. Participants would organize (O) results as they prepared for the activity
challenges. Success in the challenges provided the evaluation of participant understanding (U).
The AEIOU teaching model was an effective way to organize the field test activities. Providing
many opportunities for participants to communicate may have been the reason pre-test and post-
test questions related to communications and teamwork particularly increased in importance to
the participants.

Many of the activities used in the 2011 field tests
would culminate in a challenge such as setting the proper
speed on the robot using proportional thinking, or
programming the robot to follow a prescribed path. The
challenges were very motivating to the participants and
provided a vehicle for critical and creative thinking and
unlimited application of concepts. In activities that 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 on computer
programming algorithms, or the programming challenge that encouraged the use of modular
programming methods, participants were engaged in improving their understanding up until
their challenge time occurred. Student participants seemed to enjoy the challenges and were
much more focused on the challenges than they were when exploring ideas or concepts to
further their knowledge. The summer field test with smaller group sizes made it easier to
effectively implement the challenges that were more motivating to students than exploration
activities. This may have contributed to an increase in attitudes toward science and engineering
during the summer field test as compared with the winter field test.

The CEENBoT Commander integrated development environment for programming the
CEENBOoT robotics platform proved to be very effective at the middle school level. Participants
in the field test were very quickly able to learn how to create programming projects and how to
use the drag-and-drop methods to build specific programs. Downloading the programs into the
robotics platform was also easily mastered as the students would modify and update their
programs many times in preparation for the programming challenge. The pre-test and post-test
results showed students improved their understanding and attitudes toward programming and
their ability to program and troubleshoot robotic programs, which may be due to the participant
success with the CEENBoT Commander integrated development environment.

In summary, the 2011 field tests provided many useful results and insights, but in future
there may need to be more mathematics activities included that illustrate what mathematicians
do in their careers and how theories from mathematicians are used by scientists and engineers
specifically applied to robotics. Improving attitudes toward 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 encourage 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 the robotics platform are
accessible, participants can explore all aspects of the robot design and operation.
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2012 Example of One Model School in Action

As part of the 2012 efforts to fully pilot the
integration of the CEENBoTSs into STEM learning within a
wider school environment, several schools have stepped
forward as integration models for other interested districts.
Westside Middle School (WMS), in Omaha, Nebraska
particularly continues to develop their overall robotics
curriculum model and robotics team using CEENBoTs. The
curriculum is infused in a Design Brief where students learn 787" & At
the CEENBoTs movements, how to calculate deci-revs and | e
use the CEENBoT Commander Programming software.

The robotics team goals this year include the addition of TI programming and learning how to
incorporate servo-motors and grippers into their problem solving strategies. The school had 40
robots purchased for it by an alumni who had been interested in the SPIRIT program.

The culture of CEENBOoT integration has really gone full speed at
Westside Middle School. In addition to
the curriculum, t-shirts were printed for
students using the cartoons provided for
teacher use on the webpage. The
robotics team at the school wears these at
events, competitions, and to school. )

The participating students at WESTSIDE WARRIOR
WMS continue to work with the RUBUTIGS
CEENBOT chassis, and trying to enhance
its design. Some things are just easier for the teacher when over 125 students are working with
the CEENBoTs. Taking advantage of the predrilled hole, the AVR can be a semi-permanent
fixture and the batteries will stay snug as students transport it.

WMS teachers are very organized when working with the CEENBoTs. They use quick
visual references to distribute and maintain the equipment. All
receivers are numbered to match controllers. Controller and AVR
cords are placed on an inventory mat with instructions under the
controller. A painted 2x4 keeps the CEENBoT from accidental take
off by elevating the wheels off the surface.

The teachers at WMS also get students interested in the art
components of the Robotics Expo, which reaches out to another
population of the school, the art students. These students are proud of

see a place for their child’s talents in the field of engineering. R

To further support the efforts of the University of Nebraska for —-4
the 2013 Expo, WMS teachers have also worked on prototypes for
this year’s Robotics Showcase. Matching the theme of Agriculture:
Past—Present-Future; feed sacks, hay bales and bale feeders have
allowed us to use or creativity. Games were also developed for the
- River City Round-Up by WMS and both the teachers and students
had a great time brainstorming and making “Cow Tipping” and
- “Calf Lassoing” events.
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Virtual CEENBoT Collaboration with 4-H Roboetics:

As 0f 2012, and as mentioned in the activitics s
section, the 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 application is a multi-
platform software program that has been developed :
to give students a general introduction to robotics. The application was developed as an
educational game in which students work in a virtual laboratory to investigate the nature of
robotics and then build and test a virtual CEENBoT. The students are guided in this process
by completing a series of levels that get more challenging. Students must also record
observations, their own designs and experiment results in a notebook.

The virtual robotics application was field
tested during the Summer of 2010, and the results
were encouraging. This field test used an open-
ended content questionnaire that youth
participating in the field test took before and after
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 CEENBOoT activities. The questions
examined selected “big ideas” within the context

wy
of STEM learning and educational robotics, since that was the focus of the virtual robotics
program. Questions were purposively structured to be direct and simple, to help to elicit a

variety of responses from students. In particular, the 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 typed up for each individual youth and
analyzed by a research team from the University of Nebraska at Omaha College of
Education. Responses were typed such that they had a student’s pretest and posttest
response shown side by side within a word document. Responses were then scored on
whether they illustrated a deeper understanding from the pretest to posttest.



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
process?”’, “What is Science?”” and “How
are robots used in real life?”. For these
questions in particular, students provided
more detailed and meaningful responses on
the posttest instrument. An example
response to each of the seven questions,

illustrative of a deeper understanding for that topic now follows.

1) What is a robot?
Pretest Example: “Not sure.”
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Posttest Example: “A robot is a machine that can operate without people.”

2) What is a variable?
Pretest Example: “I don’t know.”

Posttest Example: “The part of an experiment that can be changed.”

3) What is the engineering design process?
Pretest Example: “I have no clue.”

Posttest Example: “The engineering design process is the process of
designing something, revising the design, and testing it.”

4) What is a computer program?

Pretest Example: “A computer program is a program on a computer”.
Posttest Example: “A program written that helps the 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 different things, such as robotics,

nature, space, rocks, etc.”

6) What is mathematics?

Pretest Example: “Problems, addition, subtraction, multiplication, division”.
Posttest Example: “A math science used to find answers”

7) How are robots used in real life?

Pretest Example: “Machines are robots.”
Posttest Example: “In the real life, robots are used to help people do things.
Robots can rescue people, put out fires, and help out at home.”

Pilot test data for the evolution of the
Virtual CEENBoT program has been relatively
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 as
they were taught within a draft version. Both the
youth and facilitators alike provided reflective
feedback about the instructional aspects of the
applications. Both groups also answered Likert

Learned Science Concepts

B strongly disagree

.

disagree ®neutral Wagree " strongly agree

adults

youth I

0 10 20 30 40 50 60 70 80 90 100

scale questions related to the complete instructional environment represented by the virtual
modules. The Likert scaled items were then summarized for each individual module, and

for the draft curriculum as a whole. Here we report
on several of the summary findings.

Four questions asked of both adults and
students were whether the activity helped them learn
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 good thing
to do. That last question was modified for the adult
to ask if they thought students found the experience
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engaging, which is a key consideration in any online environment. The results were similar
across three of the four STEM concept areas (STM), and those results contrasted with the

results for the fourth area, engineering (E), possibly
indicating that students have less ability to recognize
when they are learning engineering in this context.
Similar to the findings for learning
engineering concepts, a large majority of adults
(over 90%) and less, but still a strong majority of
students (over 70%) differed in whether youth would
find it interesting; adults somewhat overestimating
the potential interest level compared to the students.
However, with 74% of students finding it interesting,
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the design teams were encouraged.

Comparing results across all feedback measures shows that student results were
consistent on across all questions, with between 12% and 26% disagreeing with each
proposition (e.g. that STEM learning had occurred) and between 14% and 23% remaining
neutral. The range of agreement and strong agreement in the students ran from a low of 45%
on learning mathematics to a high of 74% finding the program interesting. In the adult data,
the range of agreement and strong agreement had a low 64% on whether mathematics
concepts were learned to a high of 98% agreeing that engineering concepts had been learned.

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

* Changed how participating youth navigate through activities, requiring that they
begin each activity before they are able to go to the virtual test area, as
recommended by the expert reviewers.

* QGraphical changes were introduced to make the environment seem more
sophisticated and to better appeal to middle-school age youth

* Created “books” within the program with interesting graphical designs to engage
youth with the background information needed in the program

* Supporting collaborative inquiry within the activities and working with youth in
small groups and teams

¢ Supporting youth-adult partnerships as adults mentor youth in leading the
curriculum

* Support and suggestions for leaders in using the curriculum in different contexts
and across different age groups

Students using the Virtual CEENBoT program were also given an attitude
questionnaire. As described more fully in other parts of this report, the attitude instrument
was a short 33 question Likert-scaled instrument that asked youth their attitudes about
mathematics, science, and learning. This assessment has been previously used and
validated within a variety of educational settings, summer camps, and after-school
programs including previous work within 4-H (Barker, Nugent, Grandgenett, Hampton,
2008). In general, although the students generally scored high in their attitudes as
measured by this instrument, there was not a statistically significant improvement in
attitude by youth as measured by the overall instrument. This is somewhat explainable by
the fact that most of the participating youth who enrolled in the summer field test started
out relatively high on the attitude instrument, and then also scored as generally high on the
instrument posttest.

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

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

Field Test Study of the CEENBoT in Undergraduate Coursework

As of December 2012, SPIRIT Project is primarily focused on middle school, however,
it is also striving to connect the use of the CEENBoT platform, and curriculum strategies, so
that it is a seamless environment between middle school, high school, and undergraduate STEM
education. Since the CEENBot platform, as developed in SPIRIT, is striving to be a true
computer and electronics engineering platform, it was thought that it would be important to also
confirm its utility at the undergraduate engineering level. Toward this end, Alisa Gilmore and
Herb Detloff, senior personnel in SPIRIT and instructors in the undergraduate CEEN program
(Computers and Electronic Engineering), did a study during 2011 with undergraduates using the
CEENBOT in a Senior class, who had used the CEENBoT within their program, to retrieve their
reflections on its utility for their undergraduate engineering program.

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

The pre and post survey results revealed an increase in the students’ perceived technical
abilities and measures of self-efficacy in the overall group of seniors at the end of the semester.
Several of the questions had encouraging results, and represented 27 seniors. These included:
How do you rate your confidence to program an autonomous robot? (Pre: 42.8% Post:
55.50%); How do you rate your confidence to diagnose a problem with a programmable
electronics or computer device? (Pre: 57.1% Post: 85.2%); How do you rate your confidence
to trouble-shoot a programmable electronics or computer device? (Pre: 57.1% Post: 85.2%);
How would you rate your confidence to resolve and repair a diagnosed problem with
programmable electronics or computer device. (Pre: 71.4% Post: 85.2%).

Comments from the focus group observation summary prepared by Dr. Grandgenett
revealed the pros of using the CEENBoOT voiced by students. Their comments included the
following, using the stem of The CEENBOoT is: “Perhaps the only avenue for the current CEEN
student to truly put what they learn into practice; “Easier to get behind a project that is so easy
to show students results”; “Has the ability to add on more features”; “Is an interesting and
realistic connection to robotics”; “Has the ability to 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 recently modified for the course, and felt that
the newness of the CEENBoT made it a challenge for this iteration of the course. Even with
these challenges, students felt that “the CEENBoT was still a very useful platform for CEEN
learning, and was superior in potential use to the TekBot, and worthy of continued use and
refinement for CEEN instruction.”

Student feedback from the focus group session provided many constructive insights for
the further integration of the CEENBoOT. These included suggestions for instructional
refinements for achieving a cohesive integration of the platform across the CEEN program.
Students suggested the need for a dedicated laboratory structure for this class, the need to
expand upon and refine laboratory instruction, the need to achieve a steady-state in platform
development, and the need to separate the course into two separate courses to allow for a
dedicated course in mobile robotics. They also recommended that the integration of the
CEENBOT into the 4-year CEEN sequence continue to be developed and coordinated between
instructors.

The CEEN study provided important data from student feedback that will be applied to
further refinements of assessment tools of student learning, and ultimately to an informed and
effective integration of the CEENBOT in the 4-year ECE sequence. In the context of the
SPIRIT program, it also provided a confirmation that a platform
that is being used and modified for K12 education, can continue
to be useful in undergraduate STEM education.

Artwork Added to the Curriculum:

As of December 2012, clever artistic illustrations
continued to be a part of the SPIRIT lessons. Feedback results
from teachers and students in the initial pilot testing process had
also suggested that we add more “fun and engaging” visuals to
the lessons and curriculum activities. The project thus found a
professional graphics design artist from a local television station
that was very interested in working (inexpensively) to add some
interesting “cartoons illustrations” to various lessons. As part of
the lesson writing process, the SPIRIT lesson writers now include an idea for a cartoon that
illustrates a STEM concept in their lesson. This illustration idea 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 at a local television
station, then creates the cartoons needed. His work is both creative and impressive with some
excellent and thoughtful illustrations of STEM concepts, in a kind of “editorial cartoon style.

The cartoons include a personable CEENBOT that is '

; sometimes illustrated as a
female robot, and
sometimes illustrated as a
male robot. The cartoons
are also designed to give
the reader a clever and
engaging visual “hint”
about the STEM concept
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for the lesson. Humor is also provided and integrated into the cartoon visuals. Teachers and
students replying to lesson feedback forms, as well as in anecdotal comments, have really
embraced the cartoon illustrations, and the initial feedback in the pilot sessions has been very
positive about this element when it is included. In addition to creating the cartoons for the
lessons, Mr. Wondra has also created the designs for the t-shirts as part of the CEENBoT
Showcase events, making his contributions truly an integral part of the SPIRIT project and its
evolving curriculum components. More than 110 different cartoons are available to teachers as
of December 2012, each with an instructional context. A selection of these cartoons are
available free at: http://www.ceen.unl.edu/TekBots/SPIRIT2/Multimedia/.

SPIRIT 2009, 2010, 2011 and 2012 CEENBoT Showcase Events:

In support of further partnerships with area school districts,
businesses, and other partners that are so critical to helping us to refine
the SPIRIT curriculum and the CEENBoT platform, the project held a
showcase event on March 28" of 2009 and a second showcase event on
January 30", 2010, a third on February 19", 2011, and a fourth on
February 18", 2012. A total of 113 students from grades K-12 attended
the first event along with teachers and many parents. A total of 26
schools (and 34 teachers) were represented in this inaugural event. The
second event had more than 400 students participate and was held at the
Strategic Air and Space Museum in Ashland, Nebraska. The had more
than 500 students participate and the fourth event had nearly 700. The

. . Nebraska Governor
Governor of Nebraska gave the opening welcome speech during 2010, Dave Holnsmian
2011, and 2012. Students in all three showcase events participated in gives the opening
various robot challenges and made presentations related to robotics, and
provided ideas on how they could extend or use the CEENBoT. Teachers also presented on
how educational robotics overlapped with their current currlculum goals and where such
activities might further assist with student ‘ ‘
STEM achievement. There was news
coverage by television stations and state
newspapers at each of the 2009, 2010, 2011
and 2012 events. Some sponsors from
business also contributed prizes to students at
each showcase event. Business partners
included Lockheed Martin, Union Pacific,
Omaha Public Power District, and Cox
Communications. College students from both
the University of Nebraska at Lincoln
engineering programs and the University of 5 : .
Nebraska at Omaha College of Education Studcuts take rns thl'lSOI‘l'H'll:pt‘t"S “blars Volta™ n‘motl'
programs helped to run the two events. All
student participants in the Expo received t-shirts and a robotic bug donated by the Nebraska
NASA Space Grant, and many schools received a CEENBoT kit and an Electronic Snap Circuit
Kit that was also donated.

The 2011 and 2012 Robotics Expos were particularly well attended. These two most
recent showcases were truly a statewide event, and we again partnered with the 4-H Robotics
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Project on both of them. The event has been now called the “Nebraska Robotics Expo” and will
is becoming a regional, and then eventually, a national event. We have developed strong
collaborative partnerships in support of this large-scale and now annual effort, that includes the
Boys and Girls Clubs Inc., the University of Nebraska
System, the Peter Kiewit Institute, the Strategic Air
and Space Museum, the Nebraska 4-H, and the NASA
Nebraska Space Grant. The further events will feature
a CEENBoT showcase program on the SPIRIT side as
well as a FIRST LEGO League qualifying competition
on the 4-H Robotics Project side. Working closely
with the 4-H Robotics Project on the Robotics Expo, Joir s & the SUategic AN aid Spincs Mdseumon
we also examined student STEM concepts, attitudes Swtliay, Februiacy 25, 2012 from 8:30um {o tpml
and workplace skills using surveys described earlier.
Samples of these surveys are also available in the
appendix.

As measured by dependent “t” tests,
CEENBOT participants in the Robotics Expo have
shown significant increases in the engineering scale of
the cognitive test, although the overall test statistic was
not significant. For the attitude measure, participants
had significantly increased ratings for the task value of
science and problem approach scales. There were also some limited increases (not significant)
in overall attitude, task value of math, and robotics self-efficacy.

The workplace measure tapped 21st Century Skills. The overall increase in this measure
was significant, as well as the problem approach. The table below shows the 2010 pre- and post
mean scores as an example for the overall cognitive test scores and its subscales, as well as the
attitude and workplace measures and their subscales.

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

Cognitive 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 4.21 .83 74 21
Task Val Sci* 4.21 431 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 4.41 2.97 59 .002
Problem*** 4.03 4.30 4.24 59 .001
Team 4.40 4.39 31 59 38
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Overall, we fully expect to continue to
utilize these sorts of showcase events, and to
steadily expand them, as a way for teachers to
share their classroom strategies and materials
related to SPIRIT, and as a way for their students
to get further excited about educational robotics.
The next events in 2013, also to be held at the
Nebraska Strategic Air and Space Museum, will
include events that involve the TI Graphing
Calculators and a functional Graphing
Programming Interface. Additional partner
organizations and exhibitors will be sought, such
as the University of Nebraska Medical Center,
who contributed a robotics surgery simulation for
the each of the events. These showcase events also provide a nice catalyst to further
partnerships, and a provide a convenient way to engage with industry partners to enhance their
collaboration, as well as to increase their understanding of what teachers and schools are trying
to accomplish within the SPIRIT project and STEM education. We hope to eventually make
this annual showcase event a truly national event. We believe that it can enrich both our
partnerships, and our SPIRIT curriculum, by bringing even more teachers, schools, partners and
creative energy into the SPIRIT project.

UNMC Surgical Robotics Demonstration
fascinates students

Student Participation in Robotics Construction:

As of December 2012, and since one of the goals of the project related to the newer
CEENBOT platform is to develop a more compatible robot for student construction, students
have been regularly invited to build the CEENBOoT at either their schools, or at summer and
Saturday sessions at the Peter Kiewit Institute. In many ways, these student-constructions have
been technical "dry runs" to see if middle and high school students can successfully construct
the robot, and if they needed additional assistance within that process. The CEENBoT and its
various versions have now had more than 200 students build the robot in these various settings.
The students sometimes build the robot right along with the teachers. In fact, anecdotal
observations have indicated that students were even a bit faster with the robot construction than
teachers. This was an encouraging observation, as well as a useful editing contribution, since
the students also found several edits to the construction directions that the teachers and
consultants had missed.

Several schools have already embraced CEENBoT construction and have integrated into
the curriculum. For example, at Westside High School, the introduction of robotics into the
curriculum begins with students observing the robot’s motion as it is in bump-bot mode. Then
questions are asked, such as, “How does the robot know to make the decisions it does?” This
leads us into a discussion about programming. After the introduction, students study the
engineering design process as they build the robots and program them to solve a problem. For
efficiency, the Westside robots are stored in a “parking garage” and fueled at “charging
stations.”
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To further study the design process, as well as to protect the wires and components, Westside
also designed a cover to go over the circuit board. Not wanting to discourage curiosity or block
the view of the digital display, the cover will be made for the school with clear acrylic,
approximately 1/8” thick. The cover is removable, allowing for future expansion of end-of-
arm-tooling, repair, and upgrades. Openings also allow for charging, turning on and off,
resetting, and access to ports. Currently, Westside students are testing their design with
cardstock prototypes. After feedback from observation and students, the covers will be
manufactured at a local plastic fabricator for the school’s use, illustrating the utility of an open
source CEENBoT in supporting student creativity and engagement with the CEENBoT.

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

Continuing into 2013 and over the duration of funding to date, the SPIRIT project team
has had a great opportunity to engage in very collaborative teacher professional development on
educational robotics. The engineering experts have worked closely with education and
curriculum experts in their technical instruction, and in turn, the educational experts have
coordinated closely with engineers in their pedagogical instruction. The result has been an
excellent group synergy and set of teacher training activities, where the exchange of ideas,
suggestions, and formative review has systematically continued on both the technical and
educational objectives. This has resulted in a natural and ongoing professional development
process for both the engineering/technical team members and the education team members that
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have directly supported the SPIRIT curriculum development process, as well as the further
development of the CEENBoT platform itself.

As of December 2012, the SPIRIT project has also continued to refine the professional
development efforts for area middle school teachers and a total of 420 teachers have now
participated in extended training of multiple day workshops, from 3 to 10 days (or more). We
have also engaged in shorter duration sessions (of several hours or a day), at the request of
various school districts as well as provided one-half day awareness workshops for teachers and
students related to how educational robotics can help to teach STEM concepts. Most of the
recent teacher training workshops, were completed at no cost to NSF, with the school districts
or other organizations, such as Dream It Do It, raising the money for the needed teacher training
activities. More than 900 teachers have also participated in shorter duration training events,
again, at little or no cost to NSF. These participating teachers are now providing an excellent
source of the pilot testing of individual SPIRIT lessons (already underway), and may contribute
to more extensive field-testing to be undertaken in 2013.

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

4. Describe the outreach activities your project has undertaken:

As we continue into our no cost extension period of 2013 with the SPIRIT project and
its curriculum development efforts, as well as the teacher professional development, the
outreach and teacher engagement has been critical to the our overall project success as we have
worked systematically to integrate teacher training, curriculum development, pilot testing, field
testing, and curriculum refinement activities. Faculty and staff from the College of Education
have frequently observed and videotaped SPIRIT lessons in action, and have worked closely
with teachers who are piloting and field-testing testing lessons, and who have agreed to work
with us in a variety of curriculum development endeavors. Engineering students and faculty
from Peter Kiewit Institute have also been routinely invited to come to the schools to observe
and participate in the CEENBoT construction activities. Outreach activities have also included
local science and engineering fairs and as well as the now annual SPIRIT Showcase, in which
SPIRIT teachers and their students participate in various collaborative and competitive
activities, and give presentations on their efforts (see the SPIRIT website for examples).

The Omaha Public Schools and the Metropolitan Omaha Education Consortium (13 area
school districts) have indicated that the SPIRIT efforts dovetail very well with the existing
science and mathematics curriculum in these schools. Special attention has been paid by this
initiative to aligning with the national science, mathematics, and technology standards, since
these standards have been of particular interest to STEM educators, and form a foundation to
the evolving SPIRIT curriculum. Many area teachers and administrators have sent thank-you
notes that praise that the design and format of the teacher training efforts and outreach, as well
as the SPIRIT lessons and its evolving cyberinfrastructure. SPIRIT teachers are also continuing
to write STEM lessons and to contribute STEM lesson ideas based upon educational robotics,
which integrate various skills and knowledge gained from their previous SPIRIT training
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activities, and that align with their own district's vision for innovative and engaging STEM
learning for all students. We have also included various other lessons that look at the context of
STEM education within energy, mechatronics, industrial automation, and other similar topics
that overlap nicely with educational robotics.

The SPIRIT project is also undertaking national level workshops at professional
conferences, including the High Impact Technology Exchange Conference and the International
Technology and Engineering Educators Association Conference, as well as conducting
presentation sessions at conferences such as the Society for Information Technology and
Teacher Education, the National Science Teachers Association Conference, and the National
Council of Teachers of Mathematics conference. These workshops and conference
presentations have undertaken during the duration of the grant, but have significantly expanded
in 2011 and 2012 and are planned to expand even further in 2013.

The SPIRIT project has also begun a systematic outreach to various educational service
units in the area, which are support consortiums for area school districts. Four educational
service units (located in Kearney, Beatrice, Omaha, and Millard) have already requested to host
awareness and exploration sessions for their teachers, to participate in pilot testing efforts, and
have also agreed to provide control group data from some of their students in the area, as well
as to help to retrieve perceptions data from students participating in the awareness sessions.
Potential field test collaborations are also developing well. Other educational service units in
Nebraska, as well as several Area Education Agencies in lowa have also indicated an interest to
work with us in the future, particularly within the context of pilot testing and field-testing. In
addition, four community colleges: Central Community College in Columbus, Nebraska;
Western Nebraska Community College in Scottsbluff, Nebraska; lowa Western Community
College in Council Bluffs Iowa; and Northeast Nebraska Community College in Norfolk,
Nebraska have all worked initially with the SPIRIT project to host a SPIRIT training or
awareness session. This evolving link to community colleges is a new and exciting outreach
partnership that we see as having significant potential to help with systematic SPIRIT growth
and sustainability.

There is also a growing interest by university Electrical and Computer Engineering
(ECE) departments in the use of the CEENBoT as an educational platform that promises to
invigorate our existing programs and to again help to support SPIRIT sustainability. This will
eventually help to form partnerships around the country where university ECE departments and
local K12 schools work together to use and extend the SPIRIT robotics curriculum. Several
university partnerships are already underway. For example, Tulsa University's ECE department
has had positive experiences with robots in the past and is now very interested in the possible
adoption of the CEENBOT to fit the needs of their university-level ECE department. Rose-
Hulman Institute of Technology (one of the most progressive ECE departments in the United
States) is another example and is interested in reviewing the attributes of the CEENBoT in
comparison to other platforms currently used in their program. The Missouri School of Science
and Technology's ECE department (formerly the University of Missouri-Rolla) also has an
interest in providing the educational robotics platform to their entering freshman class in a
manner similar to what the University of Nebraska is doing here in Omaha at the Peter Kiewit
Institute. Finally, Howard University's ECE chairperson sees the CEENBoT as a means to
reach out to their minority students by penetrating the local K-12 environment surrounding
Howard University in Washington D.C. In further support of extended university
collaborations, the national ECE chairs group has also suggested that the SPIRIT project
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promote the CEENBoT and its applications at the annual meeting gatherings. Dr. Chen
(SPIRIT Project PI) was recently elected as the president of the Electrical and Computer
Engineering Department Heads Association (ECEDHA) for 2012. Two of his projected themes
are to increase student diversity by an all out national penetration into the K-12 environment
and an increasing voice within education and working with the political leaders of the U.S. to
support K-16 STEM education in a focused manner. This leadership position provides a great
opportunity to further extend the SPIRIT project into a truly national presence.

Finally, in 2012, the SPIRIT project continued to participate in various invited
educational robotics events, such as the Midwestern River City Rodeo (RCR), a multi-state
event based in Omaha, Nebraska. Participants who wished to compete in various agricultural
robotics themed events could do so, and nearly 50 schools participated in the CEENBoT events.
Our participation in RCR 2012, and similar regional events often receive strong press coverage.
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Robotics competition takes the stage

By Dassy Hurzeri-Ropman
WORLD-HERALD STAFF WRITER

River City Rodeo is going high-tech with a new com-
petition called River City Robotics:

The competition, scheduled for next Sunday at 2 p.m.,
will include teams of three to six students divided into
two groups — middle school (grades 6 to 8) and high

é school (grades 9 to 12),
NCVV th]S year One of the goals is to bring ur-
t t_l F ban and rural students together.
0 the lOde(),
the event will

Organizers have promoted the
competition to more than 40

be held next

Sunday.

metro Omaha and western lowa
high schools and to 4-H extension
programs in Nebraska, lowa,
Missouri, Kansas, Colorado,
Wyoming, South Dakota, North
Dakota, Minnesota and Illinois.

The competition involves us-
ing robots to pick up and/or put objects in an assigned
arder within a five-minute timeframe. Teams will not
know the specific mission until 11:30 a.m. Sunday, but
received a basic idea of the task upon registration.

“The mission is to work on a situation dealing with
a beef animal,” said Matt Gunderson, exccutive vice
president of the Knights of Ak-Sar-Ben Foundation.

Once the teams know the mission, they will have
two hours to design and build their robots. Teams can
provide up to three robots with attachments. The robots
must fit through a 14-inch opening and be controlled
remotely.

Beyond the basic outline, the students have complete
control when creating their robots.

“The kids can not only choose how they approach the
problem, they can choose how they solve the problem,”
said Neal Grandgenett, the Dr. George and Sally Had-
dix Community Chair of STEM (Science, Technology,
Education and Mathematics) Education at the Univer-
sity of Nebraska at Omaha.

The coordinators are equally excited to bring a new
type of robotics competition to the area.

“That's part of the attractiveness to this,” Gunderson
said. “This is a unique competition.”

The uniqueness comes from the fact that different
types of robots are being built. The robots will be either
computer and electronics engineering robots (CEEN-
BoTs), or LEGO NXT Mindstorm robots. The LEGO
robots are produced using LEGO blocks. Each LEGO
robot includes a “smart brick” with a microcomputer
in it

“In the past, these competitions have been limited to
LEGO platform or CEEN platform,” said Brad Barker,
the 4-H science and technology specialist in the exten-
sion division at the University of Nebraska-Lincoln.
“I'm excited to have a universal challenge that anyone

with any sort of robotic platform can participate in."

The CEENBoTSs are typically made in schools, while
the LEGO robots are often made in 4-H groups and
after-school programs.

Robotics is important to 4-H, according to Barker,
because the organization is working to engage 1 million
new young people in science programs by 2013.

Barker and Grandgenett are also very interested in
introducing STEM research to youth and River City
Rodeo.

“I think it's very important for, not just the youth of
our country, but the country itself, to focus on STEM re-
search,” Grandgenett said. “In order for our country to

UNTVE

TTY OF NEBRASKA AT OMANA

Barker said the robotics program can be related back
to precision agriculture. “For example, we can use ro-
botics to reduce the amount of fertilizer we need to use
in the fields,” he said.

“Robotics could be used to save a beef cow,” Gun-
derson said. “By saving a beef cow, she will be able
to produce calves and feed the world. This shows the
potential for using robotics to feed the hungry world.”

The coordinators said the competition includes an
element of surprise, even for them.,

“We really don't know what's going to happen. We
are looking forward to seeing what the youth will do,”
Grand, said.

stay competitive and i in STEM ed ion, we
need to get kids interested in these disciplines early.”

“We (scientists) are concerned that a lot of engineers
and scientists will be retiring in a few years, and there
are not a lot of people to take their places,” Barker said.
“Perhaps the people watching the contest will become
interested in robotics."

Winners will receive trophies this year, but Gunder-
son sald the eventual goal is to provide scholarships.

The public will also be able to try their hands at us-
ing robotics on Sunday. Grandgenett said there will be
mini-challenges such as using & robot to play foosball or
make a hockey goal.
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Publications and Products

1. Journal manuscripts and other publications

The following publications have been related to activities associated with the SPIRIT
project, or are derived from foundational research efforts. Some publications were undertaken
in collaboration with the 4-H Robotics and GIS/GPS (GearTech 21) project or with researchers
working on teacher education related Technological Pedagogical Content Knowledge, at the
College of William and Mary. Additional publications are in the planning process, and will be
submitted soon.

Barker B., Nugent, G., Grandgenett, N., Adamchuk S. (2012) Educational Robotics in K-12
Education. Book publication by IGI Global: Hershey, PA. Description is at
http://www.igi-global.com/book/robots-education-new-technology-learning/58277.
ISBN13: 9781466601826.

Grandgenett, N., Ostler, E., Topp, N., Goeman, R. (2012). Robotics and Problem-Based
Learning in STEM Formal Educational Environments. In Barker B., Nugent, G.,
Grandgenett, N., Adamchuk S. (Editors) Educational Robotics in K-12 Education. 1GI
Global: Hershey, PA.

Hofer, M., Grandgenett, N. (2012). TPACK development in teacher education: A longitudinal
study of preservice teachers in a secondary M.A.Ed. program, Journal of Research on
Technology in Education, Volume 45, Number 1, pp. 83-106.

Harris, J., Hofer, M., Grandgenett, N. (2012). Testing an instrument using structured
interviews to assess experienced teachers TPACK. Published in Research Highlights in
Technology and Teacher Education, Society for Technology and Teacher Education.
http://site.aace.org/cont/categories.htm#FullPapersBook.

Adamchuk, V., Barker, B., Nugent, G., Grandgenett, N, Patent-Nygren, M., Lutz, C., Morgan,
K. (2012). Learning Geospatial Concepts as Part of a Non-Formal Education Robotics
Experience. In Barker B., Nugent, G., Grandgenett, N., Adamchuk S. (Editors)
Educational Robotics in K-12 Education, pages 284-300. IGI Global: Hershey, PA.

Nugent, G., Barker, B., Grandgenett, N, (2012). The Impact of Educational Robotics on
Student STEM Learning, Attitudes, and Workplace Skills. In Barker B., Nugent, G.,
Grandgenett, N., Adamchuk S. (Editors) Educational Robotics in K-12 Education, pages
186-203. IGI Global: Hershey, PA.

Harris, M, Grandgenett, N., Hofer, M., (2012). Using Structured Interviews to Assess
Experienced Teachers' TPACK. Published in the Proceedings of the 2012 Society for
Information Technology in Education, Austin, Texas, March 5-9, 2012.

Hofer, M., Grandgenett, N., Harris, J., Swan, K., (2011). Testing a TPACK-based technology
integration observation instrument, Proceedings of the 2011 Society for Information
Technology in Education, Nashvile, Tennessee, March 8-11, 2011.
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Grandgenett, N.F., Harris, J., Hofer, M. (2011). An Activity-Based Approach to Technology
Integration in the Mathematics Classroom. Journal of Mathematics Education
Leadership, Fall/Winter 2010-11, which is a journal of the National Council of
Supervisors of Mathematics.

Topp, N., Ostler, E. O., Grandgenett, N.F., (2011). Contributing to the Cyberinfrastructure: An
interactive STEM Lesson Development Model for Educational Robotics. Published in
the Proceedings of the 2011 Society for Information Technology in Education, Nashvile,
Tennessee, March 8-11, 2011.

Davidchik, D., Grandgenett, N., Pauley, D. (2011). Business collaboration and blended
learning to develop student critical thinking skills. Published in the proceedings of New
Learning Technologies 2011 SALT Conference, February 23-25, Orlando, Florida.

Rech, J., Matthews, M., Grandgenett, N. (2010). The impact of content courses on pre-service
elementary teachers’ mathematical content knowledge. Issues in Undergraduate
Mathematics Preparation of School Teachers: The Journal (Content), Volume 1,
December 2010. Available online at: www.k-12prep.math.ttu.edu.

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

Barker, B., Grandgenett, N., Nugent, G., Adamchuk, V. (2010). Pairing educational robotics
with geospatial technologies in informal learning environments. Journal of Youth
Development, 5(2), 37-42.

Nugent, G., Barker, B., Grandgenett, N., Adamchuk, V. (2010). Impact of robotics and
geospatial technology interventions on youth STEM learning and attitudes. Journal of
Research on Technology Education, 42, 391-408.

Barker, B., Grandgenett, N., Nugent, G., Adamchuk, V. (2010). The short-term benefits of
educational robotics when paired with geospatial technologies in informal learning

environments. In: Proceedings of the 2010 2nd Annual Computer Supported Education
(CSEDU), 2, 391-404.

Barker, B., Grandgenett, N., Nugent, N., Adamchuk, V. (2010). Robots, GPS/GIS, and
Programming Technologies: The Power of "Digital Manipulatives" in Youth Extension
Experiences. Journal of Extension [On-line], 45(5) Article IFEA7. Available at:
http://www.joe.org/joe/2010february/a7.php.

Nugent, G., Grandgenett, N., Barker, B., Adamchuk, V. (2010). The Impact of Robotics and
Geospatial Instruction on Student STEM attitudes. Paper presented at the 2010 AERA
Annual Meeting. Denver, CO. May 3"
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Harris, J.B., Hofer M., Grandgenett, N.F, Blanchard, M., Schmidt, D., Young, C. (2010).
Instructional Planning Using Curriculum-Based Activity Type Taxonomies. Journal of
Technology and Teacher Education, Spring, 2010.

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

Grandgenett, N. F., Harris, J., Hofer, M. (2009). Grounded technology integration in
mathematics. Learning and Leading with Technology, 37(3), pp. 24-26, November, 2009.

Gilmore, A., Sash, R., Grandgenett, N., Chen, B. (2009). Using robotics to equip K12 teachers:
The Silicon Prairie Initiative for Robotics in Information Technology (SPIRIT). Published
in the Proceedings of the 2009 American Society of Engineering Education Annual
Conference, Austin, Texas, June, 2009.

Adamchuk, V.G., Nugent, B. Barker, and N. Grandgenett (2009). The use of robotics, GPS and
GIS technologies to encourage STEM-oriented learning in youth. Proceedings of the 2009

Midwest Section Conference of the American Society for Engineering Education, in Lincoln,
Nebraska, 16-18 September 2009, D. Schulte, ed. Washington, DC: ASEE.

Barker, B., Grandgenett, N., Nugent, G., Adamchuk, V.G. (2009). Scaling-up an educational
robotics intervention for informal learning environments. Published in the Proceedings of

The World Conference on Educational Multimedia, Hypermedia & Telecommunications
2009, pp. 3231-3236, Chesapeake, VA: AACE.

Barker, B., Nugent, G., Grandgenett, N., Adamchuk, V.G. (2009). Synchronous educational
robotics intervention for informal learning environments. Published in the proceedings of

The World Conference on Educational Multimedia, Hypermedia & Telecommunications
2009, pp. 3237-3242, Chesapeake, VA: AACE.

Nugent, G., Barker, B., Toland, M., Grandgenett, N., Hampton, A. & Adamchuk V. (2009).
Measuring the impact of robotics and geospatial technologies on youth science, technology,
engineering, and mathematics attitudes. Published in the Proceedings of the World
Conference on Educational Multimedia, Hypermedia, and Telecommunications (pp. 3331-
3340). Chesapeake, VA: Association for the Advancement of Computing in Education

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

Nugent, G., Barker, B., Grandgenett, N. & Adamchuk, V. (2009). The use of digital
manipulatives in K-12: Robotics, GPS/GIS and programming. In the Proceedings of
Frontiers in Education’s 39" Annual Conference, 2009, FIE ’09.
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Ostler, E., Goeman, B., Grandgenett, N., Wolfe, J.B. (2009). From robotics to semiotics: Using
robots and graphing calculators to provide context for traditional algebra skills. Published
in the proceedings of The Society for Information Technology and Teacher Education
(SITE) annual conference, March 2-6, Charleston, South Carolina.

Grandgenett, N.F. (2008). Perhaps a matter of imagination: TPACK in mathematics
education. Published as Chapter 6 in The Handbook of Technological Pedagogical Content
Knowledge for Teaching for Educators, Matt Koehler & Punya Mishra, Editors. An American
Association of Colleges for Teacher Education (AACTE) publication, New York, New
York: Routledge Publishing.

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

Barker, B.S., Nugent, G., Grandgenett, N.F. (2008). Examining 4-H Robotics and Geospatial
Technologies in the Learning of Science, Technology, Engineering, and Mathematics
Topics. Publication in the Journal of Extension, Volume 46, Number 3, online at
http://www.joe.org/joe/2008june/rb7.shtml.

Nugent, G., Barker, B., & Grandgenett, N. (2008). The effect of 4-H robotics and geospatial
technologies on science, technology, engineering, and mathematics learning and attitudes. In
Proceedings of World Conference on Educational Multimedia, Hypermedia, and
Telecommunications, 2008, (pp. 447-452). Chesapeake, VA: AACE.
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2. Products of the SPIRIT grant

As of December 2012, the products related to the SPIRIT project are directly related to the
foundational curriculum elements developed by the project that will support a middle school
curriculum strategy for educational robotics. These evolving products can be examined at the
general SPIRIT Education website (http://www.ceen.unomaha.edu/TekBots/SPIRIT2/) and
include the following components of the curriculum and its support efforts:

Teacher Lessons and Lesson Ideas: A large number of edited, refined, and tested
teacher lessons (300 as of December, 2012) have been posted to the SPIRIT website and
the related cyberinfrastructure database. A total of nearly 50 other lessons are in various
states of development for eventual postings and further refinement. Teachers also use
the website as a place to share ideas and exchange evolving lesson prototypes.

Technical Tutorials and Video clips: The project is generating an extensive number of
technical tutorials (print and video) that help teachers to build and test their CEENBoT.
These tutorials are both interactive on the web, as well as available by downloadable
PDF and some have video step by step components for various directions.

Lesson and Teacher Resources: A variety of lesson resources such as an "Engineering
Notebook", “Robot Games”, and other resources, such as a list of “Misconceptions in
Science” have been posted by SPIRIT teachers as possible prototypes for use by other
teachers and classrooms.

Evaluation Instruments: A growing set of evaluation instruments have been created to
look at teacher and student change as related to their STEM knowledge, skills, and
attitudes. Student assessment development has been undertaken collaboratively with the
4-H Robotics and GIS/GPS project, as mentioned earlier.

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

Book Published: Robotics in K-12 Education. The SPIRIT

project staff have also worked on a book due that was published in

early 2012 related to robotics in K-12 education. The book was [——
edited by Drs. Bradley Barker, Gwen Nugent, Neal Grandgenett, | -1

and Viacheslav 1. Adamchuk, and is a joint effort between the 4-H [ | *{!?

ol
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Robotics / GearTech 21 team and the SPIRIT team. Robotics in K- ‘
12 Education: A New Technology for Learning focuses on the use

of educational robotics to stimulate science, technology,

engineering and mathematics (STEM) learning in K-12 formal and informal educational
environments. The book provides a synthesis of existing educational robotics research
including: a) theoretical base for using educational robotics for STEM education, b)
effectiveness in STEM education and promoting positive attitudes towards STEM, and
c¢) promoting a research agenda to move the field forward. The innovative programs
discussed target both formal and informal learning environments, as well as robotic
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competitions. The book was published by IGI Global (www.igi-global.com). The
description of the book is at http://www.igi-global.com/book/robots-education-new-
technology-learning/58277. ISBN13: 9781466601826.

3. Internet Site(s):

As mentioned in other report sections, the SPIRIT project has generated a system of
websites with a great number of archival documents, lessons, instruments, and movie clips.
Here are a few of the key website URLSs:

Curriculum Information

SPIRIT Education Components of the
Website:
http://www.ceen.unl.edu/TekBots/SPIRIT2/

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

Cyberinfrastructure Information
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/Video/jumbotron07/

Teacher Interaction
SPIRIT Wiki Website for Teachers:
http://educationalrobotics.wikispaces.com/

Contributions

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

As of December, 2012, the SPIRIT project continues to aggressively pursue
sustainability and expansion, and is dedicated to providing a solid contribution to the
discipline(s) of STEM Education. The contributions of the project to date are essentially
the following.

Contribution 1: The project has conceptualized the structure of an educational

robotics “touch point” curriculum for middle schools that will enhance the student
learning of STEM concepts using a flexible CEENBoT robotics platform. A total
of more than 300 lessons have been developed, edited, and posted, and are now in
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final form. A total of 50 more lessons are in various stages of development.
Some of these lessons can also be modified further for use in an elementary or
high school classroom as well.

Contribution 2: The project has continued an educational research agenda to help
determine the instructional effectiveness of the lessons in an extended
development process, using peer editing, expert review, pilot testing, and field-
testing strategies. The individual lesson pilot testing process is fully underway,
and some initial field-testing is also being undertaken. Pilot testing and field
testing efforts will be expanded during 2013, with selected schools. Pilot testing
and field-testing of the evolving SPIRIT curriculum received IRB approval in
2009, and is continuing in compliance with that approval process. The project has
also collaborated on a book published in 2012, entitled “Robotics in K-12
Education: A New Technology for Learning” as published by IGI Global.

Contribution 3: The project has collaborated with another NSF project (4-H
Robotics and GPS/GIS / GearTech 21) to contribute to a series of interactive and
focused assessments to help teachers determine what STEM concepts students are
learning and their resultant attitudes. The various versions of several of these
instruments have already been developed and validated. New instruments
continue to be worked on and refined, with more efforts in 2013 planned.

Contribution 4: The project has extended the original TekBot learning platform
into a newly developed and much more powerful and flexible CEENBoT
educational robotics platform for use with the curriculum, including detailed
technical enhancements, hardware tutorials, software guidelines, a GPI interface,
a graphical calculator interface, an application programming interface, and a
flexible hardware and software system that permits creative enhancements by a
student or teacher.

Contribution 5: As of December 2012, the project has created an innovative
cyberinfrastructure support environment that includes a flexible sequencing of
lessons, student and teacher support materials, assessments, technical information,
and technical tutorials. Progress has continued in the development of this
technically challenging interface, and the cyberinfrastructure continues to be
expanded and refined. Recent innovations in the cyberinfrastructure include the
use of released standardized test questions, that are being mapped to each of the
STEM content topics.

Contribution 6: The project has conceptualized and implemented a teacher
training strategy that can be scaled nationally, where local community colleges,
local educational service units, and university computer electronics and
engineering departments, might assist with technical aspects of robotics
construction, while the corresponding educational training is offered via distance
education, or in local colleges of education. An online graduate course has been
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designed and is continuing to be refined to help teachers to more efficiently learn
to use educational robotics in the instruction of their STEM disciplines.

Contribution 7: As of December 2012, the SPIRIT project has continued to
produce and publish articles related to the use of robotics and educational
technology in the systematic instruction of science, technology, engineering and
mathematics. A mix of more than 30 articles have been published that involve
both the theoretical base, results of the project itself, and implications for
teachers, as well as educators in other environments, such as after-school
programs and summer camps. Some articles have been published in collaboration
with the 4-H Robotics and GIS/GPS Project, as well as other theoretical
researchers, such as at the College of William and Mary. As mentioned earlier,
an educational robotics book was also published thru IGI Global in early 2012.

Contribution 8: The project has successfully initiated a non-profit, university
start-up business to produce and service the CEENBoT that is called CEENBoT
INC. This commercial element of the SPIRIT effort was needed in order to
supply teachers and schools with the needed robots for their classroom on a
continual basis, and to service the robots as needed. This university startup
company, CEENBoT INC., successfully competed for NSF SBIR Phase I
funding, and was awarded $150,000 of startup funds during 2010. This new
production company effort (as a funded university start-up company) also
represents a new model of blending university and business approaches, to better
support teachers and schools in their use of educational robots.

The project is continuing to routinely undertake national conference presentations
and papers. Professional engineering conferences are also being included in the
dissemination of the SPIRIT curriculum strategies and project results. The SPIRIT
project has already made presentations at meetings of the International Technology and
Engineering Educators Association (ITEEA), the American Evaluation Association
(AEA), the Advanced Technologies in Education (ATE) conference, the Association of
Mathematics Teacher Educator’s (AMTE) conference, Society for Information
Technology and Teacher Education (SITE) conference, American Educational Research
Association (AERA) conference, and the Association for the Advancement of Computing
in Education Educational Media conference (Ed-Media), and the High Impact
Technology Exchange Conference (HI-TEC), and STEMTech.

As of December 2012, the SPIRIT project has also successfully established a
systematic teacher professional development model for middle school teachers. Middle
schools, high schools and community colleges in nearby states are also now showing an
interest in further collaborations for extending the model. In particular, educational
institutions within the three additional states of Iowa, North Dakota, and South Dakota
have began to participate in the program and a special session is planned for a four-state
Working Connections Conference. This interest and participation may eventually result
in having more states host educational robotics workshops for teachers, particularly at a
community college in the area. The SPIRIT project leadership has also been in close
contact with the Midwest Center for Information Technology (funded by the NSF
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Advanced Technologies in Education program), which includes ten leading community
colleges in a four-state region (Nebraska, lowa, South Dakota and North Dakota). These
discussions are continuing, and we are excited about expanding steadily into other states,
and other levels of formal education, such as the community college level. In addition,
several community colleges are also becoming interested in working closely with our
SPIRIT project for undertaking their own educational robotics initiatives. We even
assisted Central Community College in Nebraska in writing a NSF Advanced
Technology in Education (ATE) proposal that was successfully funded, and that now
includes educational robotics and lesson development activities on site at that community
college, and that uses our lesson cyberinfrastructure.

2. Contributions to other disciplines of science and engineering:

Continuing in 2013, the information technology related activities of the SPIRIT
Project have the potential to further initiate new strategies for the use of the
cyberinfrastructure in the delivery of discipline related content information via the
Internet. This would include fields such as English, History and Literature. The SPIRIT
project is striving for a high quality, inexpensive, flexible, and cyberinfrastructure-
supported educational robotics curriculum that can in turn help scaffold student thinking
and promote the curiosity needed for sustained inquiry, as described in How People
Learn by the National Research Council (1999). We are proud of our progress toward
this challenging goal, and that the many demonstrations of our cyberinfrastructure at
national conferences and at teacher presentations have been generally well received.

The educational robotics curriculum will permit teachers to choose their level of
classroom engagement in the construction of the CEENBoT, with options ranging from a
bag of parts to fully completed robots. By the end of 2013, we anticipate a fully
developed series of curriculum lessons and units, which will include various instructional
components, such as assessments and student support sheets. The lessons are being
steadily completed and indexed, building an Internet-accessible database system in which
teachers can tailor and personalize their own curriculum enhancements. Teachers can
choose from a set of web forms that ask for relevant parameters, such as grade levels,
content topics, or desired mathematics and science standards, to assist the database in
generating the tailored curriculum sequence. The curriculum generated can then be
printed or stored by a teacher for later use. In addition to the curriculum, a software-based
“On-Call Technician” is in development, and will eventually provide classrooms with an
interactive method for diagnosing potential problems with their robots.

In further support of the SPIRIT project and the sustainability of this educational
robotics initiative, the Computer and Electronics Engineering faculty are establishing a
new research program in educational robotics within the department that could eventually
establish it as a national center for educational robotics research and development.
Designing advanced uses of graphing calculators and smart phones as a robot control
device is just a couple of examples of a very specific SPIRIT application that is already
being undertaken by such a new research and development effort. Another example
might be the creation of the CEENBoT avatar for computers to teach programming
concepts or gaming/logic to solve maze and resource problems (like finding a lost
astronaut within a battery resource limit. This research will use a K-20 context that
would involve Ph.D. students looking at optimal control and gaming theory. Connections
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to artificial intelligence, stereoscopic vision, proximity sensors, on board sonar and high-
level digital signal processing, would all be topics that would be potentially considered
by the researchers, as well as other topics not yet identified.

The SPIRIT effort has led to some excellent university-level engineering
contributions, as well as our K12 education efforts mentioned previously. The
CEENBOT is currently being used in university level engineering coursework at the Peter
Kiewit institute, providing a nice synergy between university and K12 education. For
example, the CEENBOoT is used in a Computer and Electronics Engineering
Fundamentals course (CEEN 1030). This is the first undergraduate engineering course
taken by students in the first semester of their freshman year. As a part of a lab
component, students receive the CEENBoT in kit form: bare circuit boards, electronic
components, mechanical components, nuts, bolts, screws, motors, etc. Students solder
components onto the four circuit boards and assemble the mechanical parts to produce a
working robot. They also further use the CEENBoT in the Microprocessor Applications
course (CEEN 1060). This further course studies assembly language, microprocessor
system architecture, and C programming. As an example of an embedded system, the
CEENBOT is used to introduce system level C programming. Students also use their
assembly skills to construct a microcontroller PCB with an LCD display. The
microcontroller is then programmed using the C language for motor control and sensor
inputs. Other programming assignments introduce port access and peripheral
initialization. In the Electrical Circuits I course (CEEN 2130), students are challenged to
design the circuitry required to disable CEENBoT operation when the lights in the lab are
extinguished. A second task is assigned to design the circuitry necessary for the control
of DC servo-motors. Finally, in CEEN 2220 Electronic Circuits I, university students
undertake a CEENBoT challenge of taking a design modification to the prototype stage,
and examining device bias and switching characteristic and modeling, project
management topics, and fundamental control theory.

Some contributions are also being made to community college STEM instruction
in the context of the SPIRIT project. At Metropolitan Community College (MCC) in
Omaha, Nebraska, the CEENBoT is being used in basic algebra instruction. For
example, in a lesson focusing on graphing on the Cartesian coordinate system in MCC’s
developmental Algebra course, the CEENBOT is used to increase the engagement of the
students and to connect algebra to real life applications in robot navigation. Using a
remote controlled CEENBoT as an instructional platform, students drive on a rectangular
floor grid and discover various introductory concepts, such as slope, that are covered in
the textbook and that are illustrated in robot movement. Topics covered in the algebra
and robot activity include: ordered (x,y) pairs, x-intercept and y-intercept, quadrant
designations (I, II, III, & IV), algebraic slope, and symmetry with respect to the axes and
origin. The community college instructors involved in these robotics lessons have found
that the classroom treatment of straight lines and slope is generally much more successful
when it follows the use of an introductory educational robotics exercise using the mobile
robot in this manner. Furthermore, the student conversation in the course frequently
turns to the CEENBOT itself, how it was constructed, how it operates, and the underlying
principles and concepts embodied in robotics in general.

On the College of Education side of the SPIRIT efforts, the project educators have
initiated further work for 2013 to establish an online journal called The Journal for
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Science, Technology, Engineering, and Mathematics for Classroom Teachers. It will be a
resource designed primarily for classroom teachers with a goal of creating awareness,
discussion, and the sharing of innovative ideas for STEM Education. This online journal
will eventually provide a nice educational and peer-reviewed venue for teachers to
contribute their educational robotics ideas to the professional literature.

In further support of the SPIRIT educational research needed for the sustainability
of the SPIRIT project, the University of Nebraska at Omaha College of Education has
established the Office of STEM Education, which will further support SPIRIT as one of
its key initiatives. The Office of STEM Education was designed to facilitate a unified
and long-range effort on improving STEM education, in projects such as SPIRIT. The
STEM Office and its members are focused on many aspects of STEM education that
relate closely to SPIRIT, including improving teacher training for STEM teachers,
increasing the number and diversity of STEM teachers, providing innovative STEM
curriculum, and researching STEM interventions. The philosophy of this office is to
particularly concentrate on supporting the educational research needed to assist in
innovative STEM instruction and in supporting STEM teachers. The SPIRIT project is an
excellent example of combining science, technology, engineering, and mathematics in the
school curriculum, and the UNO Office of STEM Education is excited about supporting
and sustaining the SPIRIT project on a long-term basis.

As the SPIRIT project expands its educational robotics efforts during 2013, there
are expected to be significant long-range contributions to science, technology,
engineering and mathematics education. Several examples are becoming apparent at this
time for our potential long-range contributions. First, our new evolving robotics platform
(the CEENBOoT) will be a flexible, programmable (in various ways), inexpensive and
engaging teaching and learning platform. Second, we are developing the foundation of
an excellent “touch point” cyberinfrastructure-based curriculum to be used with this
platform, including prototype lessons, teacher resources and technical tutorials. Finally,
we are creating a professional development model for helping teachers to learn about
educational robotics and its potential use in STEM teaching and learning.

3. Contributions to the development of human resources:

As of December 2012, the SPIRIT project has been continually striving to
contribute to the need for encouraging more women and underrepresented minority
groups to consider engineering as a profession. Several training sessions in each teacher
training institute has been dedicated to this topic, and we have initiated discussions with
teachers related to this important national issue and the resultant poor U.S. engineering
enrollments, to help our teachers become more aware of the gathering national “storm” in
engineering education and global competition.

We are also continuing to address minor human resource challenges in our
curriculum writing process, as we carefully undertake collaborative lesson writing within
the SPIRIT project. As described earlier in the report, we employ current classroom
teachers to help write lesson drafts that support the SPIRIT curriculum. These practicing
teachers are a valuable human resource and we have been impressed with both their
creativity and energy. However, they are generally inexperienced writers of a
professional level curriculum, and we are carefully editing and refining teacher lessons
and resources. Our lesson development and editing process, representing a relatively
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dynamic human resource model, is illustrated in the report appendix. To assist with
achieving as strong as lessons as possible for the SPIRIT curriculum, the writing team
produces lessons around instructional (I’s) components in STEM categories that have
been previously developed and checked by a content team. The practicing teachers then
work from these core components, assisted by expert curriculum writers. The SPIRIT
curriculum team continues to strive for educational excellence in all products produced,
and only the most refined and promising lessons are edited, illustrated, and posted to the
system. Lessons are also posted to the SPIRIT curriculum in two different ways. The first
way is the “complete lesson” format where teachers can come and download AEIOU
lessons as they are originally. The second way is in the “interactive database” format. In
this way, teachers can mix and match what components they feel would best meet their
individual curriculum needs.

To keep this extensive human resource effort of writing SPIRIT lessons as
organized as possible we have established a lesson development and tracking system
online so that the SPIRIT leadership can see what status different lessons are in within
the curriculum development pipeline, as well as what lessons are being populated. This
human resource model related to teacher curriculum development is being prepared as a
manuscript to be submitted to a refereed journal (such as Learning and Leading with
Technology) to help to document this successful model in the professional literature.

As the SPIRIT project continues to evolve, grow, and expand into 2013, we
believe that we are also developing an extended team of experienced teacher consultants
who have significant expertise in curriculum development, as it relates to educational
robotics and the instruction of STEM concepts. The SPIRIT project team, and the many
collaborative partners that we have engaged, have not only become a valuable resource to
the curriculum writing process being undertaken in this project, but will also eventually
become an important source of experience and expertise, as we assist other educators
around the country, to benefit from the SPIRIT lessons and the related curricular
resources.

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

that form the infrastructure for research and education:

Continuing into 2013, the SPIRIT project is developing curriculum-related
strategies to help map engineering activities to traditional STEM coursework and the
needed STEM outcomes as identified by the public schools. The SPIRIT project has also
collaborated closely with the 4-H Robotics Project to refine several shared prototype
instruments to help quantify STEM related achievement by students within an
engineering and educational robotics context. It is anticipated that school districts will be
able to use these instruments to help demonstrate STEM achievement for their students
when using selected educational robotics lessons.

As of December 2012, the SPIRIT Project is continuing to develop and refine a
series of lessons and educational resources (such as worksheets, teacher grading rubrics
and movie clips) that interested teachers can use within their own classrooms, to help
engage students in educational robotics within traditional mathematics and science
classes. Thus, the SPIRIT educational robotics lessons and lesson ideas can form a
support structure for classroom innovation, where STEM connections can make concept
learning more interesting and more realistic.
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Working closely with educational researchers at other institutions, such as lowa
State University and the College of William and Mary, the SPIRIT project is also
contributing to cutting-edge educational research being undertaken related to Technology
Pedagogical Content Knowledge (TPACK). The use of educational robotics to help
teachers to increase their TPACK, in both in-service and pre-service settings, is very
promising and the SPIRIT education team has already contributed to published articles in
this new educational research area in Learning and Leading with Technology, as well as
the Journal for Mathematics Education Leadership of the National Council of
Supervisors of Mathematics, and even contributed a chapter in the TPACK Handbook,
published by the American Association of Colleges for Teacher Education (AACTE).
Other collaborative articles related to TPACK and SPIRIT have been published or
accepted for publication in journals such as Research Highlights in Technology and
Teacher Education, Journal of Technology and Teacher Education, the Journal for Youth
Development, and the Journal of Research on Technology Education, and Issues in
Undergraduate Mathematics Preparation of School Teachers.

As described earlier, to support the use of educational robotics by teachers, the
SPIRIT project has also developed a university start-up company to help produce,
distribute and support the CEENBoT. Mr. Dennis Deyen, a well-respected and well-
experienced engineer and businessman, has been appointed Chief Technology Officer of
CEENBOT Inc. The company is producing CEENBoT kits for teachers, and is seeking a
sole source provider agreement with the University of Nebraska to provide the
educational robots, add-on kits, and parts needed, for the national sustainability of the
SPIRIT project. Additional personnel have been retained in the company to provide
engineering technical support, and to meet existing project orders as well as to streamline
procurement and manufacturing capabilities. A NSF SBIR Phase I grant was awarded in
late 2009/early 2010 and is assisting CEENBoT Inc. in its early formative stages. This
commercialization effort, was written into the SPIRIT grant proposal, and is in direct
support of SPIRIT sustainability, while also supporting university, K-12 schools, and
business partnerships, that we see as promising for the continued and long-term support
of STEM education by the SPIRIT project.

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

As mentioned earlier, the SPIRIT project is developing and refining various
lessons, delivery structures, assessment instruments and protocols to help support and
investigate the impact of educational robotics lessons on student STEM achievement.
Continuing into 2013, there is also a focused effort within the curriculum development
process, by all involved, to help to ensure that the CEENBoT materials represent a
relatively “green” technology, and that these materials also help students to understand
efficient and ethical energy use, as well as appropriate ways to get rid of electronics
waste materials, such as batteries. We are also considering various project development
ideas that might further connect with ethically responsible engineering.

The SPIRIT project is also now undertaking a new model of commercialization
that will permit a low cost engineering strategy for many schools that might not be able to
afford expensive robotics kits. Educational robotics can often be an expensive STEM
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endeavor for many schools, and we hope that the CEENBoT will eventually be a very
cost-effective alternative for these schools if they wish to have their students participate
in educational robotics activities. This “SPIRIT-CEENBoT alternative” will help schools
to make their STEM coursework more affordable, by access to a low cost, engaging, and
flexible educational robotics platform, which also includes a convenient curriculum
support structure. Thus, we hope to make the SPIRIT project and the CEENBoT a useful
and cost-effective alternative for schools, who might not otherwise be able to have their
students participate in this exciting context for STEM education.

Objectives and Scope

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

Project Examples and Illustrations

Further samples of the project work can be found at
http://www.ceen.unomaha.edu/TekBots/SPIRIT2/ or the other SPIRIT Websites or
requested. A good sample of SPIRIT website examples include the following links:

SPIRIT Education Components of the Website: http://www.ceen.unl.edu/TekBots/SPIRIT2/

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

SPIRIT Wiki Website for Teachers: http://educationalrobotics.wikispaces.com/

SPIRIT Video Clip Sample: http://www.ceen.unomaha.edu/TekBots/Shared/Video/jumbotron07/

SPIRIT Students YouTube: http://www.youtube.com/watch?v=I1pBN7MMhpl&feature=youtu.be

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




