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Introduction  
Report Purpose:  
 This document is an annual project evaluation summary for the SPIRIT project, 
up through October 2, 2007.  It is submitted as a stand-alone evaluation report attached to 
the NSF Fastlane system.  Parts of this stand-alone report have been entered into the 
Fastlane system, through a copy and paste process. The SPRIT report represents the work 
of many professionals engaged with the project. 
 

 
 
Project Goal and Objectives:  

 The SPIRIT project uses teacher professional development as a driver to increase 
student success in challenging middle-school science and math activities that utilize 
standards-based learning (ISTE, 1999; ITEA 2000; NCTM, 2000; NAS, 1996) within the 
context of TekBot® technology.  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 
and general math and science instruction is undertaken (Adams et al., 2000). SPIRIT’s 
vision is to provide a model for the transformation of the culture of math and science 
instruction to empower student achievement through revitalized, inquiry-based activities 
using robotics. The four goals, which were collaboratively established, are.   
 
Goal 1:  To develop an effective teacher professional development model for the 
integration of the TekBot® learning platform into the middle school (grades 7-8) 
curriculum, as a way for teachers to better engage students in highly motivating, 
interdisciplinary and standards-based STEM instruction. 
 
Goal 2:  To train science and math teachers in grades 7 and 8 in engineering design 
principles by the use of the TekBot® platform, and to help them plan for the integration of 
this platform into their curricula. 
 
Goal 3: To increase student success rates (as reflected by criterion referenced testing) in 
science and math including the disaggregated performance of underrepresented minority 
children within the classes of the participating teachers. 
 
Goal 4:  To help narrow the typical 15-25% gap in middle school student success rates 
between African American, Hispanic, and Native American students and their Caucasian 
classmates in the classes of the participating teachers. 



Page 3 

Review of Intellectual Merit and Broader Impacts:  
 The Silicon Prairie Initiative on Robotics in IT (SPIRIT) is a collaboration 
between the University of Nebraska and the Omaha Public Schools.  It is a three-year 
Comprehensive Project for Students and Teachers. SPIRIT targets 105 science and 
mathematics teachers in grades 7-8, each of whom will receive more than 100 hours of 
summer professional 
development and 50 hours 
of follow-up support in 
developing in-school 
curricular activities. The 
project is approximately 1.5 
years into its funding. More 
than 9,000 students are 
expected to eventually 
participate through in-
school and summer 
programs, by the teachers 
trained in SPIRIT.  A total 
of 69 teachers have been 
trained to date. 
 The centerpiece of the project is a university level TekBot® learning platform that 
is being adapted to the middle school level. This platform can be used to demonstrate 
basic applications in wireless technology, video and signal processing, sensors, video 
displays, electronics, control systems, embedded systems, digital logic and introductory 
programming. It is adaptable, expandable, and cost-effective, providing learning 

experiences that can extend 
into high school and college.  
The intellectual merit of 
SPIRIT project is the 
adaptation of the TekBot® 
learning platform to the 
middle school level. The 
curriculum to be developed in 
the project employs TekBots 
as a foundational strategy for 
problem-based learning 
instructional activities. The 
broader impacts of SPIRIT 
include the dissemination of 
learning modules into area 

schools. SPIRIT targets schools with the highest underrepresented minority student 
populations. Results are being disseminated through publications and presentations, 
teacher workshops, displays prepared for the Nebraska Space Grant, and collaborations 
with other universities using robotics platforms. An interactive, dynamic website has 
been created with modules and tutorials, work samples, and links to robotics research.  
This website is continuing to expand along with the other SPIRIT related efforts.  
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The TekBot® Platform:  
A 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 SPIRIT Project uses the TekBot® educational robotics platform, which 
is a flexible, hands-on platform for learning 
developed by Oregon State University.  The 
TekBot® (see figure) is a perfect educational tool to 
provide a motivational student context for STEM 
learning, particularly for science and mathematics.  
This mobile robotics platform can 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 
“scrounged components” that one might find around 
the local electronics store or surplus parts store.   
 
 

Participants 
 

1.  What people have worked on your project? 
The following people have been on the leadership team for the project: 

PI:  Dr. Bing Chen, Computer and Electronics Engineering (CEEN), Peter Kiewit Institute 
CoPI: Dr. Neal Grandgenett, Teacher Education, University of Nebraska at Omaha 
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. Deb Duran, Computer and Electronics Engineering, Peter Kiewit Institute 
Senior: Mr. Ken Townsend, Computer and Electronics Engineering, Peter Kiewit Institute 
Senior: Mr. Jim Harrington, Mathematics Supervisor, Omaha Public Schools 
Senior: Mr. Chris Schaben, Science Supervisor, Omaha Public Schools 
Senior: Mr. Bill Schnase, Teacher Education, University of Nebraska at Omaha 
Senior: Mr. Jim Wolfe, Teacher Education, University of Nebraska at Omaha 
Senior: Dr. Elliott Ostler, Teacher Education, University of Nebraska at Omaha 
Senior: Dr. Paul Clark, Teacher Education, University of Nebraska at Omaha 
Senior: Dr. Bob Goeman, Teacher Education, University of Nebraska at Omaha 
Senior: Dr. Mike Timms, Measurement and Evaluation, Walnut Creek, California 
 

 In addition to the Project Leadership Team, a total of 69 teachers have been fully 
trained in the SPIRIT project and have been actively involved in the SPIRIT curriculum 
development activities. Of the 69 teachers involved so far 21 are male and 48 are female.  
Two teachers are African American and the rest are white. The project has been pleased 
with its female attendance and recruitment, since one of aims of the project has been to 
increase the number of female role models in technology and engineering.  
 

Figure 1.  TekBot ® 
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2.  What other organizations have been involved as partners? 
 The Omaha Public Schools (OPS) is a strong K12 school district partner in the 
Project.  OPS serves nearly 50,000 students in urban neighborhoods. OPS is an ideal 
partner for pilot testing of teacher lesson ideas as it educates the majority of Nebraska’s 
minority populations.  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 40 languages are spoken within the district's boundaries.  
 
3.  Have you had other collaborators or contacts? 

The Peter Kiewit Institute (PKI) is a strong collaborator in the project.  PKI 
facilities two academic colleges, the College of Information Science and Technology 
(University of Nebraska, Omaha) and the College of Engineering (University of 
Nebraska, Lincoln) of which the Computer and Electronics Engineering Department is a 
member.  With 2,500 total students engaged in IT in programs leading to a Ph.D., the PKI 
forms a powerful entity with considerable regional 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 same complex.  

The UNO College of Education has taken an educational leadership role in the 
SPIRIT project.  The College of Education has undertaken successful curriculum and 
teacher professional development projects for the past decade 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).  It has received national awards for its curriculum work, including the Great City 
Schools Leadership Award (2004) and the NASA Mission Home Award (1995) 

 
Project Activities and Findings 

 
1. Describe the major research and education activities of the project: 
  
 Research with Teachers: A three-week summer workshop was held at the Peter 
Kiewit Institute in Omaha, in the summers of 2006 and 2007.  Weeks one and two 
included hands-on training at the Peter Kiewit Institute, and week three involved teacher 
observations at the Aim for the Stars Summer Camp (with students), as well as mentored 
lesson development and lesson refinement.  In addition Saturday workshops were held on 
two-month intervals throughout the following year (starting in 2007-2008). The SPIRIT 
project has also generated several prototype evaluation instruments, including surveys, 
observation instruments, lesson plans and a concepts test prototype.    
 Survey research has been conducted with teachers each of the summers of 2006 
and 2007, the SPIRIT workshop component for teachers participating in the project was 
held starting in early July. The purpose of the sessions was to introduce the teachers to 
engineering principles and basic electronics, as well as to show them how to construct the 
TekBot® robot and to generate ideas for incorporating it into their instruction in math and 
science. In 2006 the first cohort of 33 teachers attended and in 2007 there were 36 
teachers. Workshop sessions took place at the Peter Kiewit Institute on the University of 
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Nebraska, Omaha campus. The workshops involved teachers in a range of professional 
and technical sessions in laboratory settings, with break-out sessions to discuss attendees’ 
observations and questions. Engineering topics covered included a definition of 
engineering; comparison of the scientific method to the engineering process; typical 
activities of engineers; engineering design tools; and use of an engineering logbook. 
Other more technical topics covered included the TekBot® kit (parts and assembly); 
electrical circuits; DC motors and electrical components (resistors and capacitors). While 
the overall content of the 2007 workshop sessions were similar to those run in 2006 for 
the first cohort of 34 teachers, the sessions had been modified based on a review of the 
workshops by project staff and on evaluation information gathered from observations by 
independent observers.  The differences for 2007 included a more interactive 
instructional approach for the engineering concepts, more computer simulations of 
electronics principles, and a more detailed lesson template for teachers to follow when 
they developed their TekBot® lessons during week 3 of the workshop. 
 

Technical Research: Based upon the prior SPIRIT project, a number of technical 
enhancements to the TekBot®, such as counters, wireless infrared controllers, a flexible 
platform for different microprocessors, and a GUI interface, are already being developed.  
In addition, work is underway to create a more rugged housing case. To ensure long-term 
sustainability of the project, a new enhanced version of the TekBot®, tentatively called 
the NUBot (Nebraska University Robot), will be developed and produced by the private 
development arm of the PKI, known as the Technology Development Corporation. 
 
 
2. Describe the major findings resulting from these activities: 
 The project has demonstrated growth in teacher experience with various math, 
science and engineering topics as well as project-based learning. The project website 
contains summaries and work plans for all evaluation activities. See the project website at 
http://www.ceen.unomaha.edu/ which also includes a variety of project examples, 
images, and prototypes.  During the two summers of 2006 and 2007 teachers attending 
the workshops responded to a survey that was given at the beginning of the workshops 
and then again at the end. The post workshop survey had many of the same questions as 
the pre-workshop version, but also added some questions about teachers’ perceptions of 
the workshop. The same two surveys were given each year. The following narrative 
summarizes and compares the responses of participants in both of the summer workshop 
sessions in 2006 and 2007.  
  
 Teacher Gender and Ethnicity: In 2006, of the 33 teachers, 12 were male and 
21 were female.  Two teachers were African American and the rest were white. In 2007, 
of the 36 teachers, 9 were male and 27 were, and all were white. The fact that two thirds 
to three quarters of the attendees were female is a positive outcome, since one of aims of 
the project was to influence the course and career choices of female students so that they 
participate in STEM subjects, and having female teachers incorporating engineering, 
electronics and robotics into their future teaching will have a positive long-term effect. 
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Gender and Ethnicity of Teachers attending SPIRIT Workshops 

 Gender Ethnicity 

 Male Female 
African 

American 
White 

2006 12  (36%) 21  (67%) 2  (6%) 31   (94%) 
2007 9  (25%) 27  (75%) - 36  (100%) 

 
 Another long-range goal of the project is to influence the choices of students from 
ethnic minorities to choose STEM courses and careers, so it is unfortunate that the 
recruitment for the workshops attracted only two non-white teachers. However, this is 
partly reflective of the lack of teacher diversity in OPS and the surrounding school 
districts where there are very few teachers from ethnic minority groups.  Only about 3% 
to 4% of the teachers within Omaha from which the project is recruiting are non-white, so 
the percentage of minority teachers involved to date is relatively equivalent to the overall 
area teacher ethnicity within the city.  However, the SPIRIT project hopes to expand its 
recruitment of minority teachers and is aggressively working on that objective.  
 In terms of years of teaching experience, the 2006 and 2007 cohorts were similar. 
In 2006 teachers fell into two main categories; a group that had around 7 years of 
experience and a second group that had 20 or more years of teaching experience. The 
number of years teaching ranged from just one year to as many as 41 years. Nine of the 
teachers identified that they had experience in teaching science, and 17 identified that 
they had experience in teaching math. Only one teacher had taught engineering, three had 
taught electronics and four had taught robotics. In the 2007 cohort, the median number of 
years of teaching experience was 9 years. The least experienced teacher had only half a 
year of teaching and the most experienced teacher had 36 years of teaching.  A 
substantial number of teachers (28, or 77%) had taught science, and the median number 
of years of science teaching was seven. Also, 24 of those who had taught science had 
taught mathematics as well, with a further four teachers who taught math. The median 
number of years of math teaching was 7.5 years. Five teachers had taught engineering, 
two had taught electronics and three had taught robotics. Overall, there were more 
teachers in this second cohort with science teaching experience than in cohort one. 
 
 Teacher Evaluation Strategies: Teachers responded to a survey that was given 
at the beginning of the workshops 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 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 the questions about evolving experiences and expectations, but did not 
repeat the demographic or background questions. The ending survey did, however ask 
three specific open-ended questions about the teachers’ experiences of the workshops 
they had just completed. Responses to the open-ended questions were reviewed and 
coded into categories. 
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 Reliability of the subscale for perceptions about PBL was measured using ten 
items. Cronbach’s Alpha for the PBL scale was .82, which is an acceptable 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.  
 
 Changes in teacher perceptions about PBL and STEM: The questions that 
evaluated participants’ perceptions of project based learning 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, the scale was 
transformed to a numeric scale from 1 to 4. 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. In both 2006 and 2007, the median ratings by 
teachers at the start and end of the workshops were identical for both PBL and for STEM, 
with ratings at level 3 (Agree) on both subscales. This indicates that in both cohorts, the 
teachers who volunteered for the workshop already had experience with and positive 
perceptions of both PBL and STEM, so there was no detectable change in those 
perceptions over the course of the summer workshops. 
 
 Evolution of SPIRIT perceptions:  In both years, there were distinct changes in 
how experienced teachers felt on a number of aspects of content and teaching that were 
covered in the workshops. 
 

Changes in SPIRIT Teacher Perceptions 
 Median ratings 

2006 
 

Scale: 
 1=Not at all, 

2=Low, 
 3=Medium, 

 4=High 

Change 
in 

median 
rating 

Median ratings 
2007 

 
Scale: 

 1=Not at all,  
2=Low, 

 3=Medium, 
 4=High 

Change 
in 

median 
rating 

General Experience in:   Before After Before After 
Engineering 1  2 + 1 1  2 + 1  
Electronics 1  2 + 1 2  2 - 
Robotics 1  2 + 1 1  3 + 2 
Programming 2  2 - 2  2 - 
Computers 2  3 + 1 3  3 - 
Cooperative Learning 3 3 - 3 3 - 
Project Based Learning 2 3  + 1 3 3  - 
 
 In 2006, the first cohort of teachers’ ratings on five of the seven factors that were 
components of the summer workshops, rose 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 



Page 9 

workshops. On their average ratings for computers and project based learning, they 
moved up from low to medium.  
 In the 2007 workshop, participating teachers’ perceptions of their experience also 
rose, but only on two topics. The changes occurred in engineering and robotics, two of 
the major themes of the workshop.  On engineering, teachers moved from expressing, on 
average, no experience at all to feeling that they have a low amount of experience as a 
result of the workshops. In robotics they rose from a feeling that they had no experience 
at all to having a medium amount, which is a change of two categories. The ratings for 
electronics and programming started and remained in the low range. Teachers rated 
themselves as having medium levels of experience with computers, cooperative learning 
and project based learning at the beginning and at the end of the workshop. This matches 
to the earlier finding that the 2007 cohort teachers had a positive attitude to project based 
learning on entering the workshop and this remained the same throughout. 
 
 What did teachers like about the workshops?  In both 2006 and 2007, the 
increases in perceived experience were mirrored in the comments that teachers made at 
the end of the workshop when they were asked, what they had liked about the workshops 
so far. For each year, the comments made were coded into eight categories and the 
relative proportions were calculated.  
 

What Teachers Liked about the SPIRIT Workshops 

Categories of comments on what teachers liked  
Percentage of total  
comments made 

2006 2007 
Building of the TekBot® 28% 27% 
Interaction with others (faculty, students, teachers) 23% 25% 
Help with teaching (exchange of ideas and lesson plans/projects) 20% 22% 
Learning about STEM courses and career opportunities for students  3% 6% 
Learning about engineering 15% 6% 
Friendliness and helpfulness of workshop staff 8% 5% 
Learning about new resources 3% 5% 
Learning about robotics 3% 4% 
 
 In both the first and second year workshops, teachers made many positive 
comments about how they had been impressed by and learned from the hands-on 
laboratory sessions in the workshop. In 2006 and 2007 just over a quarter of the 
comments were about the building of the TekBot®. A teacher from the first cohort 
summed it up in the comment that, “I liked what I learned from building the TekBot® 
itself and seeing how everything worked in a solid context.” Another 2006 participant 
commented how they had enjoyed, “learning out of my comfort zone and building the 
robot.” In the words of one 2007 teacher, “I loved building the robot; I was so proud of 
my new-found soldering abilities.”   
 Teachers from both cohorts particularly enjoyed the collaborative environment in 
the workshops as indicated by the fact that approximately one quarter of the comments 
each year were about collaborative aspects of the workshop experience. One 2007 teacher 
summed it up in the comment that “The interaction with engineers and educators was 
very helpful.” Another 2007 participant commented how they had enjoyed, “…learning 
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from others’ ideas, meeting others that teach similar subject material, and meeting cool 
engineers.” 
 Participants from both years felt that the workshop in general and the session on 
developing lesson plan ideas and sharing them would be very helpful with planning 
instruction for their students. About one fifth of comments each year were on this theme. 
One 2007 teacher summed it up by writing, “The lessons (last day) were very beneficial. 
I was impressed with the lesson ideas,” and another, “… loved getting a plethora of ideas 
for using this in the classroom.”  
 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. More teachers in 2007 commented on that than in 2006. Fifteen percent of 
teachers’ comments in 2006 referred to the fact that they enjoyed the chance to learn 
about engineering, while six percent of comments in 2007 were on that theme. Several 
teachers in both cohorts made some comments about how they appreciated the 
friendliness and helpfulness of the workshop staff and enjoyed learning about robotics 
and about new resources. 
 Teachers in both years commented favorably about the diversity of experience of 
the workshop presenters and the enthusiasm they brought to the topics they presented. 
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 fact, the hands on 
nature of the workshop brought other benefits – one 2006 teacher commented that it 
reminded him or her, “how students feel when they don’t understand.” 
 
 What did teachers see as possible improvements for future workshops? In 
addition to being asked what they had liked about the workshop, participants were asked 
what things they felt could be improved for future workshops. Teachers in both cohorts 
made suggestions that have been coded and classified into five categories. 
 

SPIRIT Teacher Perceptions on Possible Workshop Improvement 
Categories of what teachers thought could be improved Percentage of comments made 

2006 2007 
More time: TekBot construction, electrical theory, electronics, 
running TekBot, problem solving, working together 

41% 51% 

Less time on lectures about engineering 6% 19% 
Content of the sessions 21% 14% 
Quality of the sessions 9% 9% 
Structure of the sessions 24% 7% 

 
 In both years, the majority (41% in 2006 and 51% in 2007) of the comments 
about improvements to the workshops related to spending more time on various aspects, 
in particular on the construction of the TekBot® and the associated electrical theory and 
electronics. Nineteen percent of the comments from teachers in 2007 suggested spending 
less time in lectures on engineering and instead using it in more hands-on activities. Six 
percent of teacher comments in 2006 said the same thing. 
 In 2006, a total of 54% of comments were about improving the content of 
sessions, the quality of the sessions and the structure of them. Teachers found the content 
of the workshop challenging both in learning about electronics and engineering, and in 
develop the physical skills needed like soldering. Based on evaluation feedback to project 
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staff changes were made to the content and structure of the workshop sessions. As a 
result, fewer comments (a total of 30%) in 2007 were about the content, quality and 
structure of the sessions.  
 In both years, suggestions were made that the workshop organizers should 
consider splitting some sessions into levels based on prior experience, so that beginners 
could be in one session, while those with some of the knowledge and skills could go into 
an intermediate or advanced session.  
 
 Teacher Lesson Idea Presentations (Observations) On the final day of the 
summer workshop series for SPIRIT in 2007, thirty-two five-minute presentations were 
made by the teachers in attendance (some paired up to make joint presentations). Dr. 
Mike Timms observed these teachers as they presented, and recorded his observations.  
The subject of the presentations was the lesson ideas that they had developed throughout 
their time in the workshops, as represented on a poster that they presented. The 
development of ideas ranged from early conceptions to fairly well-developed ideas for 
lessons on particular topics. The lessons all involved the TekBot® in some way, often as 
method for running experiments or trials to gather data, and the range STEM subject 
coverage was fairly wide. 
 Approximately 47% of the lessons involved mathematics appropriate to the grade 
levels of the students to be taught. Examples of topics covered across the grades from 
elementary to high school include, counting in 5’s and 10’s, even and odd numbers, 
addition, subtraction, coordinate plane, plotting of data on graphs of various kinds, 
integers, decimals, scale, proportion, number line (positive and negative numbers), 
angles, triangles, polygons, scatter plots, equations, best fit lines, mean, median, mode, 
stem and leaf plots, linear equations, direct/joint/inverse variation, positive/negative 
correlation and equations for parabolas. 
 About 47% of the lessons involved science topics appropriate to the grade levels 
of the students to be taught. Examples of topics covered across the grades from 
elementary to high school include designing experiments, variables, hypotheses, 
measurement, estimation, data collection, data recording in tables, graphing of data, 
simple statistical analysis, speed equation, momentum, friction, mass, light, sound, 
Newton’s laws, Ohm’s law, metric units, unit conversions, living cells, electricity and 
magnetism, astronomy, space exploration, and torque.  
 About 31% of the lessons involved engineering to some degree. Some lesson 
involved building the TekBot®, while others involved students completing some parts of 
the robot after others (teachers or engineering students) have completed the bulk of the 
assembly. Engineering topics covered included electrical circuits, electronic components 
(resistors, capacitors, etc.), soldering, engineering design, the use of engineering 
notebooks, technical drawing (2D and 3D), and the use of CAD software. 
 A few of the projects involved some non-STEM subjects also, such as 
history/social science and writing (in mathematics). One lesson for high school was going 
to address STEM careers. In summary, there was a wide range of lesson ideas generated 
by the teachers at all grade levels from elementary through high school. 
 
 How did teachers rate the SPIRIT workshops overall? In the post-workshop 
survey, teachers responded to seven questions that asked them to rate how the workshops 
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had impacted their engineering and robotics knowledge, their instructional ideas, their 
interest level, the practical aspects of their teaching, and their instruction.  In 2006, the 
ratings were predominantly in the “agree” and “strongly agree” categories, indicating a 
high level of satisfaction with the workshops. In 2007, on the question about impact on 
their educational robotics knowledge, 51% agreed that it had and 46% strongly agreed. 
Median ratings in 2007 on the other six questions were in the “strongly agree” category, 
indicating a very high general level of satisfaction with the workshops. In response to the 
question of whether they would recommend the workshops to a fellow teacher, the vast 
majority in both cohorts strongly agreed and the remainder agreed.  
 Overall, the participants in both the 2006 and 2007 summer workshops had very 
positive attitudes to the sessions and their value to them as teachers. The addition in 2007 
year of the session in which teachers developed ideas for lessons and shared them with 
the group proved very effective and was commented on favorably. The improvements in 
teachers’ perceptions of their experience in the topics of engineering and robotics that 
were targeted in the workshop indicate that they did, indeed, learn from the sessions in 
these content areas.  The fact that teachers in both cohorts overwhelmingly would 
recommend the workshop to a colleague indicates that the 2006 and 2007 sessions each 
had a strong impact.  
 
 Student Criterion Referenced Test results: Although it is still relatively early in 
the SPIRIT project to try to examine the possible effects on students from the teacher 
training interventions, the project leadership is already working closely with the Omaha 
Public Schools to investigate possible patterns within the student criterion-referenced test 
scores of the students taught by the SPIRIT teachers. A total of 19 groupings of these 
mathematics and science test scores were examined and compared with school and 
district averages.  Some groupings represented multiple classes of a teacher.   
 

SPIRIT Student Criterion-Referenced Test Score Comparisons 
Group, Grade, N = (CRT Number)  CRT 

SPIRIT 
CRT 

School 
SPIRIT
above? 

CRT 
District 

SPIRIT
above? 

Group 1:    5th, N=22      (Mathematics)  89.4% 92.3% Below 88.9% Above 
Group 2:    5th, N=22      (Science) 90.7% 77.8% Above 75.3% Above 
Group 3:    6th, N=14      (Math) 85.7% 78.0% Above 75.3% Above 
Group 4:    6th, N=16      (Math) 62.5% 78.0% Below 75.3% Below 
Group 5:    6th, N= 16     (Science) 87.5% 51.2% Above 75.3% Above 
Group 6:    7th, N=74      (Science) 78.8% 68.6% Above 68.6% Above 
Group 7:    7th, N=95      (Math) 85.1% 83.9% Above 84.5% Above 
Group 8:    7th, N=26      (Math) 93.4% 83.9% Above 84.5% Above 
Group 9:    7th, N=100    (Science) 79.6% 76.9% Above 68.6% Above 
Group 10:  8th, N=76      (Math) 87.5% 86.1% Above 84.5% Above 
Group 11:  8th, N=46      (Math) 97.0% 86.1% Above 84.5% Above 
Group 12:  8th, N=79      (Math) 89.4% 86.1% Above 84.5% Above 
Group 13:  8th, N=28      (Math) 99.4% 86.1% Above 84.5% Above 
Group 14:  8th, N=14      (Math) 94.9% 86.1% Above 84.5% Above 
Group 15:  8th, N=13      (Math) 75.0% 83.9% Below 84.5% Below 
Group 16:  8th, N=11      (Math) 57.7% 83.9% Below 84.5% Below 
Group 17:  8th, N=19      (Science) 56.2% 68.6% Below 68.6% Below 
Group 18:  8th, N=118    (Science) 78.8% 76.9% Above 68.6% Above 
Group 19:  8th, N=112    (Science) 77.8% 76.9% Above 68.6% Above 
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 Initial comparisons of the SPIRIT-related criterion referenced test scores with the 
teacher-related school and district averages have been promising.  Of the 19 groupings of 
students, represented by their teacher's participation in SPIRIT, a total of 14 groupings 
scored above their school averages on the related criterion referenced tests in 
mathematics and science, and a total of 15 groups scored above the district averages.  
Although this very limited evidence does not directly support possible cause and effect 
conclusions, it is an encouraging result, 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 and the OPS curriculum supervisors are now 
undertaking a more detailed analysis of this data (including demographic breakdowns), 
and the student CRT data analysis will be expanded in future reports. 
 
Student survey results during SPIRIT activities: One of the SPIRIT teachers designed 
a prototype student perception survey and administered it while her students worked on 
several SPIRIT-related robotic activities.  The class activities were associated with an 
investigation where students systematically moved their TekBots up a ramp with 
changing inclines, to investigate the impact on TekBot® speed.  The perception survey 
included ten questions related to mathematics, science, and engineering-related topics, 
with three possible student responses including: 1) I learned nothing, 2) I learned a little, 
and 3) I learned a lot.  Using this basic instrument, which is now being revised for future 
uses, the 58 students who took the instrument were generally positive in their perceptions 
of the learning process.  The strongest student perceptions were associated with questions 
that asked them about their learning related to how an engineer does things (2.46), why 
mathematics and science is important (2.46), and how they enjoyed learning with the 
TekBot® (2.64).  This very basic teacher developed instrument is now being revised by 
the SPIRIT team to be more applicable across the project, with further efforts planned to 
formally establish instrument reliability and validity.  Further refinements and analyses of 
student perceptions and the related instrumentation will be presented in future reports.   
 

Student TekBot® Activity Perceptions (N=58) 
How Much Did You Learn About Each Topic? 

1 = I learned nothing about this; 2 = I learned a little about it; 3 = I learned a lot about it 
1.  How to do a science experiment Mean: 2.00 
2.  How to use a mathematical formula Mean: 2.21 
3.  How to use fractions, decimals, or percents Mean: 1.91 
4.  How to measure things  Mean: 1.85 
5.  How electricity or electrical components work Mean: 2.30 
6.  How an engineer does things Mean: 2.46 
7.  Why mathematics and science is important Mean: 2.46 
8.  How machines work Mean: 2.38 

How much did you enjoy each of the following today? 
9.  Working with a TekBot  Mean:  2.24 
10.  Using a TekBot to learn about math and science Mean:  2.64 
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3. Describe the opportunities for training and development provided by 
your project. 

The SPIRIT project is continuing to build upon the successes of its professional 
development efforts for middle school teachers in the summers of 2006 and 2007, and the 
project is now engaged in helping these middle school teachers to further experiment 
with lesson development and refinement related to the TekBot®.  SPIRIT has generated 
considerable expertise, teacher interest, lesson prototypes, and instructional ideas that 
form a foundation of this additional training and development.   
 Project training has included having all participants systematically look at their 
local curricula and the national, state, and district standards to determine the best 
integration points for these new robotics activities. The project website contains lesson 
plans for each teacher as well as a spreadsheet of potential curricula "touchpoints" for 
integration into school curricula. The project website can be viewed at: 
http://www.ceen.unomaha.edu/ and several examples from this website are also included 
in an appendix of this report. 
 
4.  Describe the outreach activities your project has undertaken: 
 Faculty and staff from the College of Education have been invited to observe and 
videotape SPIRIT lessons in action, and to continue to work closely with the Omaha 
Public Schools. Engineering students from Peter Kiewit Institute have been routinely 
invited on numerous occasions to come to the schools to participate in the TekBot® 
activities. Outreach activities are expanding with assistance from local science and 
engineering fairs as well as with assistance from NASA Nebraska Space Grant 
Consortium and the Henry Doorly Zoo, who have each expressed partnership interests. 
 The Omaha Public Schools have identified on various occasions that they believe 
that the SPIRIT project efforts dovetail very well with the existing science and 
mathematics curriculum in OPS.  Special attention has been paid by this initiative to the 
OPS science and mathematics standards.  OPS teachers and administrators have sent 
several thank-you notes that praise that the design and format of the workshops.  OPS 
itself, has also consistently encouraged creative curricular work by their teachers in 
SPIRIT.  As these teachers write lessons based upon educational robotics, which integrate 
skills and knowledge gained from the workshops, they are already closely engaged with 
their district science and mathematics standards, and their district's vision for innovative 
and engaging STEM learning for students.  
  

Publications and Products 
 
1. Journal manuscripts and other publications 
The following journal articles and publications have been built upon the activities 
underway in the SPIRIT project, or are associated with the SPIRIT /TekBot® initiatives in 
one-way or another.  Other publications are in the planning process, and will be 
submitted soon.  The publications to date follow. 
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Grandgenett, N.F. (2008). Perhaps a matter of imagination: TPCK in mathematics 
education.  Published as Chapter 6 in The Handbook of Technological Pedagogical 
Content Knowledge for Teaching and Teacher Educators, Punya Mishra & Matt 
Koeler, Editors.  An American Association of Colleges for Teacher Education 
(AACTE) publication, Mahwah, New Jersey: Lawrence Erlbaum Publishers. 

 
Sash R., Chen, B., Detloff, H., Grandgenett, N.F.  (2006). Retention of Freshmen Computer 

and Electronics Engineering Students. Published in the Proceedings of the Frontiers in 
Education 2006, the 36th annual International Computer and Electronics Engineering 
Conference, October 28-31, 2006 in San Diego, CA. 

 
Grandgenett, N. F., Topp, N.W. (2006).  University students of tomorrow: Changing 

experiences, changing expectations, changing brains.  Metropolitan Universities Journal, 
Published Spring, Volume 16, Number 4, pages 39-53. 

 
 
2. Products of the SPIRIT grant 
The products related to SPIRIT are directly related to the foundational elements 
developed by the project that can become a basis for an eventual middle school 
curriculum in educational robotics.  These evolving products can be examined at the 
SPIRIT website (http://www.ceen.unomaha.edu/TekBots/) and include the following: 
 
 Teacher Lessons and Lesson Ideas: A variety of teacher lessons and lesson 

ideas, in various states of evolution, are posted on the SPIRIT website.  Teachers 
use the website as a place to share ideas and exchange evolving lesson prototypes. 
 

 Technical Tutorials and Videoclips: The project is generating a great deal of 
technical tutorials (print and video) that help teachers build and test their TekBots.  
These tutorials will eventually result in a technical manual for the project. 
 
Engineering Notebook: A teacher developed "Engineering Notebook" has been 
created as a prototype workbook for use in public school classrooms to be used by 
students in their engineering phase of the curriculum at one of the participating 
school districts. 
 
Evaluation Instruments: A comprehensive set of evaluation instruments have 
been created to look at teacher change as related to their STEM knowledge and 
perceptions.  

 
3. Internet Site(s): 
As mentioned in other report sections, the SPIRIT project has generated a great number 
of archival documents, instruments, and movie clips.  Here are a few samples: 
 

SPIRIT General Website: 
http://www.ceen.unomaha.edu/TekBots/ 
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SPIRIT Evaluation Component of the Website: 
http://4hset.unl.edu/spiriteval/ 
 
SPIRIT Video Tutorials List :  (samples) 
http://www.ceen.unomaha.edu/TekBots/Secondary/Workshops/2006/videotutor/ 
 
SPIRIT Video Clip Sample: (sample / others on website)  

 http://www.ceen.unomaha.edu/TekBots/Shared/Tekbots_low.mov 
 

 

Contributions 
 
1. Contributions within the principal discipline(s) of the project: 
 The project has participated aggressively in the ITEST working groups and 
routinely contributed to various presentations at the annual ITEST SUMMIT. Additional 
presentations at other conferences are being routinely submitted and scheduled. Recently, 
professional engineering conferences are also being included in the formal dissemination 
of lessons learned and project results. During 2007, the project has been pleased to be 
accepted for presentations at annual meetings of the American Evaluation Association 
(AEA), the Advanced Technologies in Education (ATE) conference, and the Society for 
Information Technology and Teacher Education (SITE) conference.  
 The SPIRIT project has successfully established an exciting and comprehensive 
teacher professional development program for middle school teachers.  Middle schools, 
high schools and community colleges in other states are also now showing an interest in 
possible collaboration.  In particular, educational institutions within the three states of 
Iowa, North Dakota, South Dakota have expressed an interest in participating in the 
program, and this interest may eventually result in having these states help host 
educational robotics workshops for teachers.  The SPIRIT project leadership has been in 
close contact with the Midwest Center for Information Technology (funded by the NSF 
Advanced Technologies in Education program), which includes 10 leading community 
colleges in a four-state region (Nebraska, Iowa, South Dakota and North Dakota).  These 
discussions are just beginning, but the SPIRIT leadership is excited about possibly 
expanding the contributions of the project into other states, and other levels of formal 
education, such as the community college level. 
    
2.  Contributions to other disciplines of science and engineering: 
 The information technology related activities of the project underway are having 
the potential to impact new strategies for the use of cyber infrastructure in the delivery of 
discipline related content information via distance learning. This would include fields 
such as natural science, mathematics, history and literature. 

The success of the SPIRIT project has led to a second NSF grant (funded at 
approximately 3 million dollars over 5 years), called SPIRIT 2.0, which has recently been 
funded by the Discovery Research Ks12 Learning program at NSF.  Within this new 
project, we are striving to build fully upon the initial success of this current ITEST 
SPIRIT teacher professional development project, and to now develop a high quality, 
inexpensive, flexible, and cyberinfrastructure-supported educational robotics curriculum 
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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).   
 The educational robotics curriculum, as represented by this current SPIRIT 
project 1.0 (teacher professional development) and this new SPIRIT 2.0 (formal 
curriculum development) will permit teachers to choose their level of classroom 
engagement in the construction of the TekBot®, with options ranging from a bag of parts 
to fully completed robots.  A fully developed series of curriculum lessons and units, 
which may include written, audio, animation, and video components, will be completed 
and indexed, providing an Internet-accessible database system which teachers can use to 
tailor and personalize their own curriculum.  Teachers will choose from a set of web 
forms that ask for relevant parameters, such as grade levels and desired mathematics and 
science standards, to assist the database in generating the tailored curriculum sequence. 
The curriculum will also include an Internet-accessible “On-Call Technician” to provide 
classrooms with an interactive method for diagnosing potential problems with their 
robots using remotely engaged software from servers at the Peter Kiewit Institute (PKI) 
in Omaha, Nebraska, extending the simulation and diagnostic environments that have 
been shown to help support systematic inquiry in engineering contexts (Schwartz & 
White, 2005). 
 As this first ITEST project represented by SPIRIT expands its educational 
robotics efforts into the support of STEM learning and additional projects, there are 
expected to be significant contributions to science, technology, engineering and 
mathematics education.  Several examples are becoming apparent at this time for our 
potential contributions.  First, our new evolving robotics platform (the NUBot) that has 
grown out of our experience with the TekBot®, promises to be a flexible, inexpensive and 
engaging teaching and learning platform.  Second, we are developing the foundation of 
an excellent curriculum to be used with this platform, including prototype lessons and 
technical tutorials (see appendix of report), and finally, as anticipated for this SPIRIT 
ITEST project, we are developing an effective professional development platform for 
helping teachers learn about educational robotics.   Prototype evaluation instruments are 
also being developed and are available on the SPIRIT website. 
 
3.  Contributions to the development of human resources: 
 The project has a component that strives to address the need for encouraging more 
women and underrepresented minority groups to consider engineering as a profession. 
Several sessions within the summer workshop initiate discussions with teachers related to 
this important national issue of poor engineering enrollments, to help our teachers be 
more aware of the gathering storm in engineering education and global competition. The 
project has also created a special relationship with the premier woman's school in Omaha.  
 As our SPIRIT ITEST project continues to evolve, we believe that we are also 
developing a group of team members who will have significant expertise in curriculum 
development as it relates to educational robotics and the instruction of STEM concepts.  
This team can then become an ongoing resource to other researchers and project directors 
around the country.  We thus hope to contribute to the significant expertise already 
present within the ITEST community, as we ourselves have benefited from that expertise 
and the Learning Resource Center support system and our ITEST colleagues.  
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4.  Contributions to the physical, institutional, or information resources that form 
the infrastructure for research and education: 
 The project is developing strategies to help map engineering activities to STEM 
Education requirements and needed STEM outcomes as identified by the public schools. 
The project has also established several prototype instruments (in refinement) 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. 
 The SPIRIT Project is developing a series of lesson ideas and prototype lessons 
that teachers can use within their own classrooms, to help engage students in educational 
robotics within traditional mathematics and science classes.  Thus, these lessons and 
lesson ideas can form a support structure for teachers.  A sample SPIRIT lesson, and a 
spreadsheet of SPIRIT lesson ideas are in the report appendix.  
 

SPIRIT Sample Lesson Ideas  
(see Appendix of Report for Sample Lesson and Idea List) 

TekBot®  
Problem 

Science  
Topic(s) 

Math  
Topic(s) 

Conceptual Example Lesson 1:  
Students work with current, voltage, batteries, and power on flat and incline surfaces and predict, test, 
and evaluate the effects of variables on TekBot® movement. 
How do different batteries 
compare in discharge time? 

Examine problems using scientific 
inquiry and document the process 
using an Engineering Notebook. 

Convert percents, decimals, 
fractions; use statistics to 
interpret data; create graphs.  

How is the current and voltage 
of a TekBot® related to its 
power? 

Describe the transfer of energy 
within the simple machines 
represented by the TekBot®. 

Apply math to solve problems; 
create graphs. 

How does an angle of incline 
relate to motor power and 
potential energy?   

Investigate and demonstrate practical 
applications of Newton's Laws. 

Develop and solve equations; 
apply formulas in mathematical 
situations. 

Conceptual Example Lesson 2:   
Students add and work with an indicator to count revolutions of the TekBot® wheels and predict, test, 
and evaluate how wheel diameter impacts speed and distance. 
How does the TekBot® wheel 
circumference (or diameter) 
and revolutions relate to 
distance traveled? 

Examine relationships using 
scientific inquiry and document the 
process using an Engineering 
Notebook. 

Solve problems related to 
circles; apply formulas in 
mathematical situations. 

How do we document the 
speed of the TekBot®? (i.e., 
elapsed time and revolutions) 

Document the unifying concepts and 
processes related to the TekBot® 
speed. 

Apply math to solve problems; 
use and convert measurements; 
develop/apply math strategies. 

How might a sensory and 
binary counter be integrated to 
help document wheel 
revolutions? 

Document the unifying concepts and 
processes related to sensory and 
binary counters of the TekBot®. 

Apply math to solve problems; 
use and develop tables of 
binary and decimal values 
related to wheel revolutions.  
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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 instruments 
and protocols to measure the impact of SPIRIT professional development on the 
perceptions and opinions of teachers.  These instruments are available on the project 
website.  We are also developing various project support manuals, including manuals 
related to TekBot® construction, teacher professional development, and lessons and 
lesson ideas related to educational robotics for teaching a variety of STEM concepts. 
 The project is also now considering new models of commercialization that will 
permit strong partnerships between universities, school districts and businesses to aid in 
sustainability.  Educational robotics can be an expensive endeavor for many schools, and 
the TekBot/NUBot will eventually be a cost-effective alternative, if such technical work 
continues successfully in SPIRIT. This ITEST project has been a catalyst for technical 
and commercial dialogue that is starting to examine new commercialization possibilities.  
The new TekBot/NUBot has considerable learning and cost effectiveness advantages.   
 

Advantages of the SPIRIT TekBot® Educational Robotics Platform  
(Continuing SPIRIT technical development) 

Feature TekBot Lego  Boe-Bot Scribbler 
FIRST 

Robotics 
Capacity for self-design 
hardware modifications 

High Yes Medium Low 
Competition 
Limitations 

Capacity for middle school 
classroom / clubs? 

Yes Yes Yes No 
Yes 

Competition 
Upgradable to ECE college or 
dual high school programs? 

Yes No Yes No No 

Parts from readily available 
sources? (e.g., RadioShack) 

Yes No Yes No 
No Strict 

Parts 
Guidelines  

Maps to STEM Disciplines? Yes 
No  

Only K-8 
Yes 

No  
Only K-6 

No 
Application 

Specific 
Low cost for basic unit?  
($100) 

Yes No Yes Yes No 

Graphical user interface? Soon Yes No Yes No 
Durability for middle school? Yes Yes No Yes Yes 
 
 

 
Project Examples and Illustrations 

 A detailed set of project samples can be found on the project website at 
http://www.ceen.unomaha.edu/TekBots/ as well as requested from the SPIRIT project 
leadership as desired. 
  
 
 


