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As a result of this data analysis, I wish to determine if I can substantiate answers to any of my questions using the data I collected.   Questions I am seeking answers to:
· Do robotics and the engineering design process play a positive influence on student achievement and motivation in STEM related concepts at the middle school level?
· How well can students document their thinking, in order to share the process they went through to solve a given design challenge?
· When a student uses a “hands on, minds on, inquiry-based” activity format, will the student will be able to understand several academic concepts being taught at a deeper level, when learned in context to the real world? 
· Does the engineering and design process create engaged students, intrinsically motivated to learn by the desire to understand how and why something works, rather than be assigned something to learn?
· How can I be the catalyst in my school district for changing the way we think and teach science topics to youngsters? 

I. Methods Used to Analyze the Data
Student Engineering Notebook Pages from Design Squad:  TouchDown “On the Moon Challenge” appendix 1A-1B
I began in December to work through the Design Squad “On the Moon Challenge: Touchdown”, recording my thoughts and findings in the same manner I would be expecting students to work through.  On Jan. 5th, 28th, and Feb. 1st, I worked with three different eighth grade teams of students during their regularly scheduled science class, in a single 45 minute class period session,.  Students were instructed to write down everything they brainstormed, as well as tried, and then to record how their tests worked out and what they planned to do to improve their design, sharing their findings with the class and recording the final results.  Students worked as collaborative partners thinking first on their own, and then putting their heads together to come up with a final solution.  Students’ prototypes were displayed in the media center at parent teacher conferences.  I photographed the displays and made copies of all student engineering notebook entries, in order to analyze them further.  I sorted through the student writings and placed them into piles according to the following criteria (Appendix 1B contains examples of each type of entry submitted by various students): 
· Complete and Thorough Documentation    		
· Redesign - Too General for Ideas to Move Forward
· No Redesign after first testing prototype
· Incomplete report, important documentation missing
· I reviewed the results of the number of students in each core group whose written reports fell into the above categories.  I then created a chart to document the findings.  	
						
Pre and Post Content Test Analysis  appendix 2
Upon seeking permission from (Barker, Nugent, Grandgenett, and Hampton, 2008) and (Grandgenett 2009), I copied their assessments concerning robotics and student interest, motivation, and achievement, creating an online survey format for students to complete using FreeOnline Surveys.  On March 26th, students from the fifth session of tech ed classes completed the pre-assessment online survey information concerning robotics concepts and attitudes, collecting data about students’ understandings and perception of robotics, prior to participating in the 8 day robotic unit in their tech ed. elective rotation course.  I spoke with students at the beginning of each class period and instructed them on the procedures to be used when completing the surveys online.  Students returned to their regular tech ed. classroom upon completion of the three online assessments.
I met with students the week of April 5th through April 13th in their tech ed. classes, to facilitate student work to complete the first two challenges in Volume 1 of Robotics and Engineering curriculum from Carnegie Mellon.  Students were assigned to complete:  1) “Full Speed Ahead” and 2) “Wheels and Distance” , in order to grasp the concepts of controlling a robot autonomously to move a designated distance in an assigned direction, and return to a given spot.  I did not introduce new teaching techniques to these students, as the instructors were already using an effective engineering design problem solving model, along with well developed lessons from the Carnegie Mellon Volume 1 Robotics and Engineering curriculum.   They posed challenges and assignments to their students through the lessons mentioned above.  The last two days of the tech ed rotation consisted of another project, so students had to stop the robotics projects at the end of the eighth day, even if they were not completely finished with the two assigned lessons.
The week of April 19th, I gathered post robotic activity data, in the same online survey format as the pre-assessment data.  I took students during their music elective block, which followed their six week tech ed rotation.  I had to wait until late in the week to gather data from the students, as the music instructors wanted to meet with their students at the beginning of the last rotation, to set guidelines, etc for their last elective blocks of the school year.  For some students their responses came almost one week after their last experience working with robots.  This was not ideal, but was the best we could do given the constraints we had with the students’ elective schedule.
Reviewing the data collected from the students through the online assessments, I followed various procedures to help me analyze the data and look for emergent themes.  First, I collected the responses to the pre and post content assessment and compared the results of each using a spreadsheet.  I created a table showing the correct number of responses on the pre assessment along with those of the post assessment, and noted the changes in correct number of responses.  That data can be found in the following table:
	Question
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	Final Score

	Pre Content
	28
	18
	25
	37
	13
	36
	9
	41
	11
	13
	29
	27
	23
	11
	15
	16
	18
	21
	9
	400

	Post Content
	31
	18
	18
	26
	13
	27
	10
	26
	17
	16
	24
	19
	19
	15
	18
	18
	17
	19
	8
	359

	Amount of Change
	3
	0
	-7
	-11
	0
	-9
	1
	-15
	6
	3
	-5
	-8
	-4
	4
	3
	2
	-1
	-2
	-1
	-41



Changes that had a lower number of correct responses in the post assessment data, I highlighted in red.  I noted the change in correct response as an integer noting the difference from the pre-assessment content score and the post assessment content score.  I further analyzed the content questions, by reviewing the answers given by the students in the post assessment.  I also reviewed the data from both assessments and found all three forms of central tendencies and noted them in Appendix 2.  
Pre and Post Survey Question Analysis	appendix 3
I reviewed answers to the interest survey in terms of individual questions and compared the responses from the pre-assessment interest survey to the post assessment interest survey.  Several of those questions were selected for the reader to compare, as they are displayed in Appendix 3.  

Student Feedback after Robotics Sessions appendix 4A and4B
Appendix 4A analyzes some post assessment data of students concerning their attitudes and interest in STEM activities and careers.  Lastly, I reviewed comments students made in the student survey, administered at the end of the robotics unit.  I manipulated the comments students made in order to group them together categorically.  Comments that seemed related, I highlighted in the same color and moved them to be together in a group.  The results of this analysis can be found in appendix 4B.  
II. Description of Findings  (Emergent Themes)
A. Hands On = Minds On / Engaged Learners 
TouchDown On the Moon  Challenge:  
All students were engaged throughout the process and were motivated to come up with a workable solution to share with the class by the end of the period.   All three classroom science teachers commented about how all students were on task for the entire period, even those who typically do not pay attention to regular science lessons and labs with much excitement. 

B. Many Possible Alternative Solutions to a given problem:
TouchDown On the Moon  Challenge:  (NEED TO FIND PICS OF STUDENT SOLUTIONS to touchdown problem)
Each pair of students came up with a unique prototype to solve the challenge.  There were some similarities in designs, but each one still had something unique about it.  As students shared their designs with their classmates, they were able to discuss particular design qualities that helped them meet the criteria of the challenge.  

C. Students Need to be Allowed to use Their Creativity to Create a Solution to a Given Challenge or Problem:  
Comments from Student Survey after Robotics Lessons (see Appendix 4B)  
For you personally, how could the lesson or activity be improved?
	· “well they could make it a lot more interesting for everyone and let the kids choose the partners they wanted and let the kids to more movements instead of just straight lines and twisting”

	· “Maybe have us do different experiments and we teach the class what other things can be done by the robot.”

	· “you could let us build the robots”

	· “by us making the robot on our own”

	· “if we got to actually make the robot instead of just programing the robot.”



D. Lack of Knowledge or Discipline to Fully Document Thought Processes While Working Through a Given Challenge:
Reviewing student notebook pages, I categorized their work into various piles.  (see appendix1B)

	Categories
	H
	T
	S
	Percentage
	Total

	Complete and Thorough Documentation:    
	24
	9
	10
	15.7%
	43 total

	Redesign - Too General for Ideas to Move Forward: 
	11
	54
	47
	40.9%
	112 total

	No Redesign after first testing prototype: 
	26
	19
	37
	29.9%
	82 total

	Incomplete report, important documentation missing: 
	31
	5
	1
	13.5%
	37 total



E. Lack of Adequate Problem Solving Skills to Facilitate a Positive Outcome:
Comments from Student Survey after Robotics Lessons (see Appendix 4B)

1. For you personally, how could the lesson or activity be improved?
	· “I would have liked a little more guidance in the project.”

	· “By getting a better understanding”

	· “I think that it could be improved by making it easier and less math.”

	· “More directions.”

	· “I think the lesson could be improved by making less math in it.”

	· “Ttrying to make the programming a little bit easier then how it is, because it is very confusing.”

	· “Doing more videos to explain better.”

	· “Like sometimes the things that they made us do were confusing, so I didn't understand them.”

	· “It could be better explained on Wheels and Distance because the videos were very confusing, and I had no idea what I was doing.”

	· “Having a little easier direction on how to make the program.”

	· “I think it could be improved by making the "blank canvas" easier to understand.”

	· -“Help people so they can enjoy it like everyone else.”



2. Student responses comparing the answer to the prompt:  “In order to solve a complex problem, I break it down into smaller steps.”  (See Appendix 3)

Pre  (strongly agree and agree = almost 70%)
[image: ]












Post  (strongly agree and agree = only 41%)
[image: ]
Almost 70 percent of the students agreed on the pre assessment survey, while only 41 percent agreed with the statement on the post assessment survey.

3. As students worked through the robotics lessons, many had to ask for help from the instructor in order to try to figure out what to do next to get their robot to work correctly.

4. In response to the statement. “I try new methods to solve a problem when one does not work,” sixty-seven percent of the students agreed on the pre assessment survey while only 39 percent agreed with the statement on the post assessment survey.  (See Appendix 3)

Pre (strongly agree and agree = 67%)
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Post  (strongly agree and agree = only 39%)
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F. Difficulty in Tasks Often Results in Perceptions of Boredom: Comments from Student Survey after Robotics Lessons (see Appendix 4B)  For you personally, how could the lesson or activity be improved?
	· “I would have liked a little more guidance in the project.”

	· “By getting a better understanding.”

	· “I think that it could be improved by making  it easier, and less math.”

	· “More directions.”

	· “I think the lesson could be improved by making less math in it.”

	· “Trying to make the programming a little bit easier then how it is, because it is very confusing.”

	· “Doing more videos to explain better.”

	· “Like sometimes the things that they made us do were confusing, so I didn't understand them.”

	· “It could be better explained on Wheels and Distance because the videos were very confusing, and I had no idea what I was doing.”

	· “Having a little easier direction on how to make the program.”

	· “I think it could be improved by making the "blank canvas" easier to understand.”

	· “Help people so they can enjoy it like everyone else.”

	· “It was boring.

	· “I thought it was boring.”

	· “It was fun and kind of boring.”

	· “It should be more fun, it was very boring and dull and I was very disappointed”

	· “I think we need to have some more fun and not watch all the videos. They got very boring.”



G. Students Wanting to Spend More Time Exploring a Topic or Project in Depth Before Moving on to Something New:
Comments from Student Survey after Robotics Lessons (see Appendix 4B)
For you personally, how could the lesson or activity be improved?
	· “If we did it longer.”

·  “More activities.”

	· “Getting more time to work on the project.”

	· “By maybe working more on the project.”

	·  “Slow it down.”

	· “Add another day so we could do the robot challenge.”

· “I think that the lesson should have been longer.”

	· “I think the lesson could be improved by allowing more time to program different things on the robot instead of just moving around. I mean like talking or jumping.”



H. Transferable Skills Develop With Opportunities for Repeated Real World Practice:
Over sixty percent of the students were confident they could program a robot to move forward two rotations after working through the lessons which guided them in how to complete that challenge.  Only 45 percent of students thought they could program the robot to move forward two rotations prior to the robotics unit.  (See Appendix 3)

Pre  (strongly agree and agree = 45%)
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Post  (strongly agree and agree = 60.5%)
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I. Longevity of Interest and Attitude Lacking after a Project/Course is Completed:  Fifty-seven percent of students survey agreed that they, “like learning new technologies such as robotics” before the unit began.  Only forty-five percent of the students agreed after the robotics unit ended.

Pre (strongly agree and agree = 57%)
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Post (strongly agree and agree = only 45%)
[image: ]
J.  Practicing Skills Similar to What is Being Asked About on Assessment Items Develops Confidence and Ability:  
1. On the post content assessment six more students answered the question below with a correct response than answered correctly on the pre content assessment.  (See Appendix 2B)

		14) 
	9. The process of refining an instrument, like your robot, so that it is as accurate as possible by                 collecting information about how far your robot will travel in a given amount of time and using                the information to estimate how long it will take the robot to go a given distance is called _____
	




		
	 
	Percentage
	Responses

	A. a ratio.
	[image: http://www.freeonlinesurveys.com/images/results_bar.gif]
	30.2
	16

	B. the Pythagorean Theorem.
	[image: http://www.freeonlinesurveys.com/images/results_bar.gif]
	22.6
	12

	C. a threshold value.
	[image: http://www.freeonlinesurveys.com/images/results_bar.gif]
	15.1
	8

	D. calibration.
	[image: http://www.freeonlinesurveys.com/images/results_bar.gif]
	32.1
	17 +6

	Total responses:
	53




	2. Students presented many comments discussing how much they enjoyed programming the robots to perform 
certain movements.  (See Appendix 4B)

Personally the best part of the lesson was:
· “Making the robots turn.”

	· “I liked programming the robot.”

	· “Making the robot move, because it helped see far it went.”

	· “I think that the best part of the lesson was seeing the robots actually do what you showed them
 to do.”

	· “The best part of the lesson was when we got to see the robot do the actions that we programmed.”

	· “I think the best part of this lesson is seeing how the robot worked when the programming is set.”

	· “Downloading the programs and seeing if they would work.”

	· “Making the robot move, because it helped you see how much you did.”

	· “Seeing your robot do what you told it to do.”

	· “The best part was that we actually made the robot move, which was very fun.”

	· “The best part was seeing the robot move, because I know that I was the one who did it.”

	· “The best part was watching the robots do what you told them to do.”

	· “Being able to program a robot to do what I want it to.”

	· “I liked making the robot do different things, because I like to experiment and try different things.”

	· “The best part to me was when we got to test the programs, because we got to see if our programs worked.”

	· “I think the fun part was when we programmed the robot.”

	· “Programming the robot to go forward.”

	· “Having the robot to go a certain distance and the come back.”

	· “Calculating the rotations of distance, because it was the easier thing to do.”

	· “Making the robot move.”

	· “Getting to make the robot move a certain distance and back.”

	· “The best part was that we were able to see what we had done.”

	· “Full Speed Ahead because you made it go fast.” 

3. Over sixty percent of the students were confident they could program a robot to move forward two rotations after 
working through the lessons which guided them in how to complete that challenge.  Only 45 percent of students 
thought they could program the robot to move forward two rotations prior to the robotics unit.  (See Appendix 3)


Pre  (strongly agree and agree = 45%)
[image: ]

Post  (strongly agree and agree = 60.5%)
[image: ]
III. Discussion of Findings 
 As I review the data, I notice that students still have a long way to go in order to become the persistent problem solvers we want them to become.  Many felt helpless, and wanted to be told or shown how to make the robot or program work, or solve whatever problem they were facing.   They didn’t want to review the videos or read the information, in order to figure out how to find out why the program did not work as it needed to.  

Several students responded that they did not continue to try to solve a problem if it was too difficult.  Many did not have a sense of how to break down a complex task into smaller steps to make it more manageable.  This data shows me, that our task, as educators and parents is really to place more and more problems in front of our students and let them figure out how to solve it.  We need to encourage them to “muck around” with a situation until they can figure it out.  We should ask probing questions to help them find a workable solution, but we need to allow them to work through “the mess” so they will be able to do that in the real world.

This small sampling of only 48 students really makes me feel that our building goal of problem solving is a good one to work on, and we definitely are not where we want kids to be yet, in many different situations and ways of thinking.  I believe that the questions the School Improvement Team developed last year were ones we need to continue to develop workable answers to in the next school year.

A. Thoughts on My Original Research Questions
1. Do robotics and the engineering design process play a positive influence on student achievement and motivation in STEM related concepts at the middle school level?  According to the data collected in both the On the Moon Challenge and the Robotics Challenges, I believe that students are begging for a new way to learn things rather than the traditional lecture and notes method, regurgitating information back to the instructor when the unit is completed.  Students desire a more exploratory approach, where they can think through a problem, and come up with the best possible solution they can.
2. How well can students document their thinking, in order to share the process they went through to solve a given design challenge?  Most students showed that they need more guidance and practice in this area. Only 15 percent of the entire eighth grade population had a paper that fell in the complete and thorough category.  Much of the literature reviewed suggested that students need to be explicitly taught how to carefully document their thinking processes, and then be specifically coached as they work through learning how to record their actions and thoughts adequately on their own.  Needing to revisit a problem and redesign a better solution will facilitate the need for better note taking, in order to move on from where they left off previously, or from another researchers’ work.  
3. When a student uses a “hands on, minds on, inquiry-based” activity format, will the student will be able to understand several academic concepts being taught at a deeper level, when learned in context to the real world? Students had difficulty learning the concepts needed to be mastered when left to work through a problem on their own.  They desire guidance, maybe even the reason for a particular rule.  I suggest that when students are at the point of wondering how might they begin to figure out why their solutions are not working, would be when class discussion, facilitated by the instructor could lead the students to the necessary concept exploration which students could then try out on their individual challenges and see how those mathematical and scientific principles might help them better understand a workable solution to their challenge.  It is very much tied to the idea of authentic learning with real world connections.  The Socratic method of questioning may be just what the students need to get their minds going, rather than to sit through someone else instructing them what to think rather than how to think.
4. Does the engineering and design process create engaged students, intrinsically motivated to learn by the desire to understand how and why something works, rather than be assigned something to learn?
Students are  begging for the kind of work that is meaningful to them.   Presenting them with challenges that they need to solve that have certain criteria and constraints to follow, but no predetermined answers is really what gets students excited about what they are doing.  They want to be active engaged learners and not just someone who sits and listens attentively.
5. How can I be the catalyst in my school district for changing the way we think and teach science topics to youngsters? I can start by sharing my findings with the School Improvement Team in my building, and then helping teachers find resources that will allow them to teach students in a new and different way using the engineering and design process as they present students with challenges to resolve rather than assignments to complete.
B. Themes Evident in the Data are Made Meaningful in Light of the Literature Review
1. Hands On = Minds On / Engaged Learners 
Robin Shoop (2005) notes that the desire for competence and understanding stimulates the learning process.  Prensky (2006) suggested that we regard student engagement as more important than content when teaching and to pay attention to how our students learn, finding out what they already know, and value and honor that knowledge.

Katehi, Pearson, Feder (2007) noted that K-12 engineering education should emphasize the design process, be incorporated into important and developmentally appropriate mathematics, science, and technology skills, and promote engineering habits of mind:  systems thinking, creativity, optimism, collaboration, communication, and attention to ethical considerations.

Cantrell, Pekcan, Itani, and Velasuez-Bryant (2006) note that engineering design activities are a powerful way to integrate science, math , and technology.  They too found that these types of activities engaged students, helped them focus on function as well as structure, see the design as an iterative process, incorporate team building activities, include cooperative learning and mentoring.  They found that students made sense of their learning through reflection and discussion with other students and connected the construction process to the underlying scientific and mathematical theory and equations.

2. Many Possible Alternative Solutions to a Given Problem:
The ISTE framework for students (2007) emphasized: creativity and innovation; communication and collaboration; research and information fluency; critical thinking, problem solving, and decision making; digital citizenship; and technology operations and concepts.

Joannis M. Miaoulis (2009) claims that the way to harness the creativity of young minds and fuel innovation of new technologies, is to use the engineering and design process as students explore the technological world, instead of the  natural world, that most school science explores today.

3. Students Need to be Allowed to use Their Creativity to Create a Solution to a Given Challenge or Problem:  
The ISTE framework for students (2007) emphasized: creativity and innovation; communication and collaboration; research and information fluency; critical thinking, problem solving, and decision making; digital citizenship; and technology operations and concepts. 

The ISTE standards and performance indicators for teachers call for teachers to: facilitate and inspire student learning and creativity; design and develop digital-age learning experiences and assessments; model digital-age work and learning; promote and model digital-age citizenship and responsibility; and engage in professional growth and leadership.  

The 21st Century Skills Map fuses the core academic areas along with communication, critical thinking, creativity, and collaboration, (the four C’s) 

Scott Aronowitz (2010) noted that the Partnership for 21st Century Skills group advocates for /challenge based learning as the most effective change that can be made to America’s schools today.

Katehi, Pearson, Feder (2007) noted that K-12 engineering education should emphasize the design process, be incorporated into important and developmentally appropriate mathematics, science, and technology skills, and promote engineering habits of mind:  systems thinking, creativity, optimism, collaboration, communication, and attention to ethical considerations.

4. Lack of Knowledge or Discipline to Fully Document Thought Processes While Working Through a Given Challenge:
The ISTE standards and performance indicators for teachers call for teachers to: facilitate and inspire student learning and creativity; design and develop digital-age learning experiences and assessments; model digital-age work and learning; promote and model digital-age citizenship and responsibility; and engage in professional growth and leadership.  

Wenning (2005) points out the need for teachers to explicitly model each of the levels of inquiry for students, modeling appropriate actions and then fading from the scene allowing students to implement the modeled inquiry processes.

Hammerman (2006) noted that the quality of lessons guiding the teaching and learning process remains a key factor in increasing student achievement.  Instruction must focus on important goals and standards and research based effective practices in order to improve student achievement.

5. Lack of Adequate Problem Solving Skills to Facilitate a Positive Outcome:
The ISTE framework for students (2007) emphasized: creativity and innovation; communication and collaboration; research and information fluency; critical thinking, problem solving, and decision making; digital citizenship; and technology operations and concepts. 

Aronowitz (2010) noted that pushing students to become active in the community, looking for a problem to solve, and thinking about possible solutions will stoke student interest in something besides keeping up their grades and social lives.  Keeping a log of all their activities, progress, and any thoughts or ideas they might have related to their work, makes it even more real to them.  It also mirrors the work world of today’s businesses.

Prensky (2006) suggested that schools need to find a way to teach with technology and encourage students to use it as well.  Students should know how to program, filter knowledge, and maximize the features and connectivity of their tools.

Katehi, Pearson, Feder (2007) noted that K-12 engineering education should emphasize the design process, be incorporated into important and developmentally appropriate mathematics, science, and technology skills, and promote engineering habits of mind:  systems thinking, creativity, optimism, collaboration, communication, and attention to ethical considerations.

6. Difficulty in Tasks Often Results in Perceptions of Boredom: 



7. Students Wanting to Spend More Time Exploring a Topic or Project in Depth Before Moving on to Something New:  The La Vista Junior High School Improvement Team developed specific questions to guide staff in the attainment of the building wide goal of improving problem solving abilities of students.  The brought up the following questions:  
a. How can we support instruction that focuses on conceptual understanding?
b. What are we doing to enhance and insure equity of learning experiences for all students?
c. What can be done to encourage teachers to emphasize the “how” and “why” over the “what” of instruction?
d. What can be done to address teachers’ skepticism about best practices in instruction?
e. How can we foster teachers’ development of higher level questioning and scaffolding for student learning?

The ISTE standards and performance indicators for teachers call for teachers to: facilitate and inspire student learning and creativity; design and develop digital-age learning experiences and assessments; model digital-age work and learning; promote and model digital-age citizenship and responsibility; and engage in professional growth and leadership.  

Prensky (2006) notes that educators need to listen to their students and value their opinions, making changes on the basis of their suggestions.  

Cantrell et al (2006) developed a Triangulated Learning Module which involves a major question to generate the learning activity and is focused on how to make a system work.  The iterative process requires evidence, explanations, and connections to scientific and mathematical knowledge.  

8. Transferable Skills Develop With Opportunities for Repeated Real World Practice:
Robin Shoop (2005) notes that as students make cross curricular connections, they will synthesize new knowledge into many academic disciplines and learn to see how science and technology control the world in which they live.  The National Academy of Engineering and the National Research Council (2009) note: when a school subject is taught, there should be a connection to the practice of that skill in the real world.

The ISTE framework for students (2007) emphasized: creativity and innovation; communication and collaboration; research and information fluency; critical thinking, problem solving, and decision making; digital citizenship; and technology operations and concepts. 

Sadler, P. M. et al (2000) stated that design challenges provide opportunities to practice transferring new understandings to new situations and provide a way to make sense of how things work.  

Joannis N. Miaoulis (2009) indicates that the key to getting our students to thrive in the global economy is to introduce students to engineering design skills and concepts that will allow them to apply their mathematical and scientific knowledge to solve real problems.

9. Longevity of Interest and Attitude Lacking after a Project/Course is Completed:  

10. Practicing Skills Similar to What is Being Asked About on Assessment Items Develops Confidence and Ability:  
Katehi, Pearson, Feder (2007) noted that K-12 engineering education should emphasize the design process, be incorporated into important and developmentally appropriate mathematics, science, and technology skills, and promote engineering habits of mind:  systems thinking, creativity, optimism, collaboration, communication, and attention to ethical considerations.

C. Expected Results? 
The results of the robotics data were not as convincing as I would like to have seen.  First, some of the questions used in the content portion of the test had nothing to do with the activities students were involved in.  The assessment really needed to be changed, so that each of the questions students were being asked to respond to, related in some way to the activities they were presented with.  It would be helpful if the data used would also be meaningful to students, so they had proof of how much they had grown from the beginning of the unit to the end.  In some ways this is much like any other data gathering for proof of student learning.  Students really need to be encouraged to track their learning progress as well, through notebooks and journals, as well as various forms of quantitative data.  Self reflection can often times tell a researcher more than an answer to a question on a test.

D. Next steps?
1. MoonChallenge Touchdown activity(when presented again)
a. Previous Feedback /criteria needs to be set for expectations in written reports.
b. Students must understand the iterative process, and the need to be specific about the each change to be made in their redesign.
c. Consider being a part of the science team helping to develop a new way to “do science” and help support students and teachers in the process.
d. If I were part of an entire science unit and not just a one day event, I would be more effective in making change in scientific behavior for students and teachers.
2. Robotics Challenges (when presented again):
a. Allow more time to work through the robotics challenges.
b. Possibly have a separate elective course for students who are willing to spend the entire course working on robotics rather than dabbling in several short tech ed. projects.
c. Have their solutions tied to a competition to see the best ideas incorporated into the design to take to contest level.
d. Create an online space for students to record their progress and problems they are working through, so they can put their heads together with other like minds to come up with the best solution to the problem they are working on.

IV. Conclusion and implications for study
A. Summary of Findings
Three major themes came out of the results of analyzing the data from this action research study.  The first was one in which students were more successful and more engaged in the learning process when the activities were presented as a design challenge to be solved by the students, and when they had several opportunities to repeat a process in order to become efficient in resolving the task at hand.  I tie this first theme to my emergent themes of :
· Hands On = Minds On / Engaged Learners 
· Transferable Skills Develop With Opportunities for Repeated Real World Practice
The second major theme was that involving the creativity of students.  Students have many ways to solve a given challenge or problem and want to be allowed and encouraged to use it.  I tie this second theme to my emergent themes of:
· Many Possible Alternative Solutions to a Given Problem
· Students Need to be Allowed to use Their Creativity to Create a Solution to a Given Challenge or Problem
The third major theme was that involving the lack of knowledge or skills students had when trying to work through the activities that were a part of this study.  Students did not have a clear grasp on how to document their progress and thinking as they worked through the TouchDown: On the Moon Challenge.  As students worked through the robotics challenges they clearly were missing some important problem solving skills:  trying a new method when another one doesn’t work, breaking down a complex problem into smaller steps, carefully analyzing a problem before beginning on a solution.  I tie this third theme to my emergent themes of:
· Lack of Knowledge or Discipline to Fully Document Thought Processes While Working Through a Given Challenge:
· Lack of Adequate Problem Solving Skills to Facilitate a Positive Outcome:
· Students Wanting to Spend More Time Exploring a Topic or Project in Depth Before Moving on to Something New

B. Implications for future practice and/or research: 
We must continue to document the progress we are making with students using robotics and the engineering and design process.  Blumenfeld, et al (2000) suggest that curriculum units be designed to last between eight and 12 weeks allowing students opportunities to construct knowledge by solving real problems through asking and refining questions, designing and conducting investigations, gathering, analyzing, and interpreting information and data, drawing conclusions and reporting findings.  Further evidence is needed to support the notion that robotics activities provide a rich context for students to identify and investigate problems, generate hypotheses, gather and analyze data, and to determine findings and interpret results.  We need quantitative data measuring the direct impact of the robotics and engineering and design activities on the student learning outcomes.  

Studies that explicitly measure scientific inquiry skills as an outcome of a robotic intervention still need to be completed.  Other data gathering information concerning specific scientific, mathematical, and technological skills gained as a result of working through robotics and the engineering design process is also needed.  To date, the length of time the robotic activities have been studied has been a relatively short period of time.  Studying the results from an entire unit or elective course may shed more light on long term learning effects.

The results of this study support the findings of the body of knowledge reviewed in the literature.  Much work still needs to done to validate the ideas that have been brought forth as a result of this study.

C. Questions still needing further research:
· What are ways to convince others of the need for more STEM type activities in our learning plans for students?
· As students make cross disciplinary connections, will they synthesize new knowledge for themselves and begin to understand how science and technology control the world in which they live?
· How can the engineering and design process be used as a context for exploring science, technology, and mathematics concepts and also promote engineering habits of mind.  
· How can science inquiry and mathematical reasoning be connected to the engineering design process in K-12 curricula and teacher professional development?
· How can content in K-12 engineering be defined and designed in a rigorous and systematic way?

http://www.education.rec.ri.cmu.edu/fire/robot-lessons/ will help to address some of the questions above.










	Below is an article I ran into on 7-21-10 that addresses some of the robotics and STEM education issues I feel still need to be researched further.Top of Form
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STEM Education | News
Carnegie Mellon Invents Robot Moves To Boost Science, Technology Majors
· By Dian Schaffhauser
· 07/19/10
A push to inspire kids to pursue careers in computers science and other technology and science areas is getting a four-year, $7 million boost at Carnegie Mellon University. The Pittsburgh institution is launching a new multi-front initiative called Fostering Innovation through Robotics Exploration (FIRE), intended to leverage students' interest in robots and other forms of "hard fun."
The funding, from the Defense Advanced Research Projects Agency (DARPA), will be used to develop new tools that enable middle school and high school students to expand their interest in robots, leading them from one activity to the next. Tools might consist of game-like virtual worlds where robot programs can be tested or computerized tutors that teach mathematics and computer science in the context of robotics.
The program will target robotic competitions such as FIRST, VEX, and Robofest, which are popular among secondary school students; it will also offer new types of challenges by creating new competitions for autonomous, multi-robot teams and computer animations. To reach more students, FIRE will attempt to team up with national organizations such as the Girl Scouts and Boy Scouts, 4H, and the Boys Club and Girls Club of America.
"The idea is that these programs must be rigorous, but fun--what we call 'hard fun,'" said Robin Shoop, director of FIRE and of Carnegie Mellon's Robotics Academy, which develops K-12 robotic education curriculum. "Robots provide a great teaching tool. Kids like robots and are innately curious about how they work and how they make decisions. Finding answers to their questions is fun, but technically challenging, and that makes robotics uniquely suited to teaching students computer science, engineering, and mathematics."
Among the participants will be Carnegie Mellon's Human-Computer Interaction Institute, which will develop automated tutoring systems for teaching Robotics Academy courses. "Cognitive tutors" developed at Carnegie Mellon are currently used in other subjects to present lessons and problem sets, provide guidance with complex problem-solving, and adjust the lessons to each student's comprehension level. FIRE's computer tutors will assist teachers and mentors who coach in robot competitions but may lack the mathematics and programming background necessary to help students tackle increasingly harder challenges.
The Alice Project, which has a 3D programming environment for creating animation, will work with FIRE to create a competition specifically to attract girls. The Alice team will work with the Robotics Academy to add virtual worlds to ROBOTC, another programming language that works with many of the robotic platforms used in the robotics competitions. That new functionality would let students design and test robots virtually without having access to the physical robot.
Another group will work on creating new tools and a new competition for teams of robots working together. A fourth effort will work with FIRE to increase participation in a competition in which high school students solve linguistic problems. The International Linguistics Olympiad is popular in Europe; FIRE's goal is to make it accessible to United States students through participation in the North American Computational Linguistics Olympiad.
"Tens of thousands of students nationwide participate in robotic activities every year, but these activities do not always translate into increases in academic preparation or sustained engagement with [Computer Science-Science-Technology-Engineering-Math]," Shoop said. "FIRE will provide the infrastructure, the tools, and the resources to significantly engage students for the long term."
DARPA is funding the effort to help fill the talent pipeline for technology- and science-Smart students. "We have a significant decline in the number of students signing up for computer science, science, technology, engineering, and mathematics majors at the college level," said Melanie Dumas, DARPA's program manager for its CS-STEM Program.
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