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Background

Design Squad is a television series produced by WGBH Boston.  It is designed to teach children about engineering and the design process.  Its goals are to:

· Increase students' knowledge of engineering and the design process,

· Improve the public’s image of engineering and counter long-held stereotypes about the field, and

· Encourage further exploration among students.

In addition to a television series and a website, WGBH has also produced an Activity Guide that offers five hand-on challenges for children ages 9-12 years in afterschool settings.  The Activity Guide was developed for use in informal learning environments such as afterschool programs, workshops or events to help kids learn to think like engineers.  

In spring of 2008, WGBH began its study to evaluate the Design Squad, Season 2 Activity Guide and accompanying television shows in middle school classroom settings.  For season 3, WGBH is interested in creating middle school classroom engineering resources.  To prepare for this, WGBH chose to evaluate an existing resource developed for out-of-school time settings (i.e., the Activity Guide) in a classroom setting to see what worked and what didn't to inform the development of the new middle school classroom resource.  

Season 2 of Design Squad was evaluated in two parts.  Part 1 included a field test in spring 2008.  Part 2 included follow-up interviews with teachers whose classrooms participated in the field test.  The teacher interviews were conducted in fall of 2008.

Field Test

The specific goals of the field test were to measure changes in students’:

· Measure changes in students’ knowledge of the engineering design process.

· Measure changes in students’ attitudes towards engineering.

· Assess student satisfaction with the Design Squad activities.

· Assess teacher satisfaction with the Design Squad activities.

Schools were asked to use and evaluate up to two out of four possible activities in the Guide.  The four distinct activities that schools were able to choose from included:

Table 1:

Activities

	Challenges
	Summary

	“Watercraft”
	Build a boat that holds 25 pennies for at least 10 seconds before sinking.

	“Paper Table”
	Use tubes of newspaper to make a table strong enough to hold a book.

	“Zip Line”
	Design and build something to carry a ping-pong ball from the top of a zip line to the bottom in 4 seconds.

	“Helping Hand”
	Build a device that lets you grab objects and drop them into a container 2 feet away.


Because the study took place at the end of the academic school year, schools were asked to complete at least one activity, and up to two activities, if time allowed.  All but two of the classrooms did try-out two activities (see Table 2).

Before using the materials, educators were instructed to gather parental permission forms for all students who would participate in the study.  Students without permission slips were allowed to stay in the classroom, but they did not respond to the student surveys.

The first research activity was the administration of the student and teacher pre-tests.  After completing the pre-tests, teachers implemented the activities in their classrooms over a period of 1-2 weeks.  Teachers were allowed to use the materials in any manner they deemed most useful.  WGBH also provided teachers with DVDs that contained the television programs that accompanied each of the activities they were assigned.  The television shows each included 2-3 brief animations (graphical, animated depictions of science concepts) each.  WGBH was interested in studying whether the animations enhance the episodes.  Schools were provided with no specific guidance on how to use the DVDs and animations.  Teachers were allowed to decide how to best incorporate them in their classrooms.  After completing the activities, the teachers administered the student and teacher post-tests.

Teacher Interviews

We conducted nine teacher interviews in fall of 2008.  Each of the eight teachers who participated in the field test were interview by telephone to gain a better, more in-depth understanding of their experiences using the Design Squad Activity Guide in their classrooms.  One additional teacher, a middle school technology teacher from rural Massachusetts, was included in the interviews (for a total of nine teachers).  While the additional teacher did not collect student data for the field test, his classroom did participate in the field test by trying-out two of the activities.  This classroom was not reported in the field test study findings due to a lack of survey data.

Sample Characteristics

Twelve classrooms at 11 different schools were recruited for the study.  However, after reviewing the materials, several teachers reported that they did not have sufficient time to fully complete the study.  Thus, the final study sample included 9 teachers and 324 students.
Table 2:

School Sample Characteristics

	Location
	Urbanicity
	Number of  Teachers
	Number of Students
	Activities

	CA
	Suburban
	1
	15
	Zip Line & Helping Hand

	MA
	Rural
	1*
	19*
	Kayak & Helping Hand

	MA
	Urban
	1
	39
	Paper Table

	MA
	Urban
	1
	23
	Watercraft & Paper Table

	MA
	Suburban
	1
	39
	Watercraft & Helping Hand

	NH
	Urban
	2
	142**
	Teacher 1 = Paper Table & Zip Line

Teacher 2 = Zip Line & Helping Hand

	NJ
	Suburban
	1
	27
	Paper Table & Zip Line

	VA
	Urban
	1
	20
	Paper Table

	TOTAL
	--
	9
	324
	--


*Student and teacher data were not submitted for this classroom at the end of the field test.  This teacher     did participate in the follow-up teacher interview study. 

    **Across multiple sections of the same course.

Findings 

Design Squad was successful at teaching students about engineering and the design process.  Teachers reported that the students responded very positively to the activities, and that they were engaged and enthusiastic.

This study found evidence that middle school teachers, when using the Design Squad activities, were successful at teaching students about engineering and the engineering process.  In the field test, we compared student scores on the pre-test to their scores on the post-test.  The differences were statistically significant (t (203) = -4.487, p = 0.000).
  This finding is supported by teacher observations that there were high levels of learning that occurred during all four activities.  

Teachers told us…

“This is a great program because the kids (in my classrooms) are far more receptive to learning things if they can actually do it, try it, and play with it.  Today’s children respond to these types of activities much better than the old way of teaching things.”

“Students attempted several design changes to "fix" the problem with boats and the helping hand. They observed other students trials and created new prototypes in an attempt to resolve problems their peers experienced. They were also able to explain why they needed these changes.” Watercraft /Helping Hand

“I planned groups so that they could help each other. They also watched other groups and determined what seemed successful.” Zip Line, Helping Hand

“(Teamwork) creates a better learning experience for them and allows them to discuss designs as they work.” Watercraft, Helping Hand

“(They) stayed on task for entire lesson”. Zip Line, Helping Hand

“Students were fully engaged.” Watercraft, Helping Hand

“Students redesigned several times for the Helping Hands activity. The Watercraft designs varied a lot and there was a lot of creativity shown.”

In addition, we found 44% of students indicated that the activities made them more interested in engineering.  Only 7% said they were less interested in engineering after doing the activities.  At pre-test and at post-test, three of the top four professions to which students said they aspired included: scientist, health professional, and engineer.  
Design Squad helped students recognize the elements of the Design Process.

In addition to having an impact on learning, we found that after doing Design Squad, students were more likely to recognize that the following key elements of the Design Process were part of working in the field of engineering:

· Having a problem you are trying to solve

· Trying out different ideas

· Making predictions (guesses) about what will happen

· Testing to see what happens

· Learning from mistakes

· Changing your ideas

· Talking to people about your ideas

Teachers reported that Design Squad helped them learn how to use hands-on activities to teach students the Design Process and increased their comfort level in teaching these topics.

Teachers uniformly reported that allowing students to engage in hands-on activities and to practice the open-ended process of brainstorming, design, and evaluation was the most important thing that they learned.  
“The kids in my class who are at the foundation level (kids who normally struggle) excelled.  They are tinkerers.  Their skill is in their hands.  You give them those types of things and give them some guidance and they quickly fall into line and love this stuff.”

Teachers also responded favorably to the animations, commenting that they were “helpful” and “very well done.”  One teacher reported:

“(I) can use (the animations) to open discussions on group work about how people attack solving problems differently.”
“(The animations) were really effective because they really got to the point of how you would use (the materials) to make a strong structure.”
Finally, two teachers who reported that they were unfamiliar with the engineering design process before using the Activity Guide reported they were more comfortable teaching the design process to their students after using the Activity Guide.

During the field test, all the teachers indicated that they were likely or extremely likely to do the Design Squad challenges again and that they would recommend the Design Squad Activity Guide to other teachers.  During the follow-up telephone interviews, at least three teachers indicated they had already used the Activity Guide again in the fall.  

“I’m going to take the DVD on the kayak to the high school engineering club and have them try to make the shrink-wrapped boat.  That was so cool.  The plan is that in a couple of years, the high school kids will mentor the middle school kids.”

“(Since the field test…) all 200 kids in the middle school in town are doing it (using the Activity Guide).”

In addition, we should note that since the field test was completed, we have been contacted by colleagues of teachers who participated in the field test and are interested in obtaining Design Squad materials for use in their classrooms.

Teachers from diverse subjects were able to use the materials to make linkages to their subjects and integrate the materials with their own curricula.  This included science, earth science, technology, math, life science, and even English.  There were as many different approaches to using the Design Squad Activity Guide and related materials as there were teachers in the field test.

In the field test, we observed as many different approaches to using the Activity Guide as there were teachers.  In some classrooms, teachers showed the entire DVD at the start of the class to introduce the activities.  In other classrooms, teachers showed the DVD after the activities as a way of summarizing what they did.  Some teachers did not use the DVDs at all.

Some teachers paired or teamed-up students for the activities, others encouraged the students to work alone.  Some classrooms spent 2-3 periods per activity, while others stretched the activities out over a period of several weeks.  Some teachers integrated the activities with in-depth discussions of science and engineering, while other teachers expected the students to perform the activities without any discussion or guidance.

In one school, three teachers used the materials to teach in a team approach (math, science, and English).  Teachers from diverse subjects were able to use the materials to make linkages to their subjects and integrate the materials with their own curricula.  This included science, earth science, technology, math, life science, and even English.

“Design Squad was the full package.  This filled our need for some activities related to mechanical engineering.  This program brought cohesiveness to my unit.”

Doing the Design Squad activities sparked student interest in viewing Design Squad outside of school in several different media formats. 

Students responded positively to the activities.  Sixty-eight percent of students reported that the activities were good for kids their own age.  Seventy-five percent of students reported that they believed their friends might or would have fun doing the activities.  Only 11% reported that their friends would not have fun.

Seventy-one percent of students indicated that they would or might watch Design Squad again.  Sixty-one percent of the students indicated that they would tell or might tell one of their friends to watch Design Squad.

After doing Design Squad, 64% of students reported that they had or would visit the Design Squad website outside of school.  Sixty-seven percent of students had watched Design Squad at home or were planning to after doing the activities at school.  Fifty-nine percent had watched Design Squad streamed from the PBS website, or were planning to, after doing Design Squad at school.
In follow-up interviews with teachers, two teachers reported that students were watching more Design Squad since the field test.

These positive experiences were further confirmed by teachers, who reported that they observed high levels of learning, teamwork, engagement, communication, and enjoyment amongst their students.  
Teachers told us…

“Several told me that they wish all our labs were on engineering design.” Zip Line, Helping Hand
“One team was…so excited that they had been able to stack five books on top of the table they built--and they were still going!” Paper Table
“They loved both!” Watercraft, Helping Hand
Recommendations for Enhancing Design Squad
Ensure Readability and Accessibility
Some students (22%) indicated that they had some trouble understanding the instructions.  In addition, teachers reported that they observed some students struggling with comprehension.  We recommend that WGBH test the content contained in the materials to ensure that they are written at lower than a fifth grade level (which is the national average literacy level) so that students can comprehend them.
While the DVDs provided for field testing were not accessible to students with hearing impairments, one teacher suggested that WGBH ensure that videos available from the Web should include subtitles or closed captioning options.

Decrease the Length of Activities and the DVDs
Teachers indicated that the activities required a significant amount of time to complete.  Four teachers indicated that they ran out of time to finish a challenge and one reported that it was hard to stop kids working to have a wrap-up discussion.  Some teachers reported that the DVDs were too long and contained material that was irrelevant (all the interaction and discussion between the kids when they weren’t engaging in the design process), and they felt compelled to sift through the DVDs to find the most relevant parts.
“It would be more useful to cut back the DVD so it only includes the design process and the animations so it could be used for an introduction at the start of class (like PBS does with the Evolution video which only includes highlights from the longer program).”
“There was a lot of talking going on in the DVD, seemed distracting, the DVDs were all over the place.  There was so much conversation.  They were trying to get you into the competitive spirit of it, it was distracting.”  

When asked to report what obstacles might prevent them from implementing Design Squad again in the future, time constraints were cited as the number one issue.   Most teachers reported that it took over an hour for each activity.

Furthermore, several schools who had initially indicated an interest in taking part in the study declined after reviewing the materials and estimating the amount of time it would take to complete the activities.

Thus, we would recommend revising the activities so that they are shorter in duration and can easily be completed within one class period (less than one hour).

Emphasize Real-World Applications and Curriculum Connections

Teachers suggested that the Activity Guide would be most useful if it stressed the real-world applications of the activities and also helped them to make connections between their curricula and the activities.

“…would be useful to stress the real-world applications of the activities.”

“Would be great if the guide could help teachers make better linkages with life sciences: for example, a delivery system for reducing the size of brain tumors—combining engineering and life sciences.”

Reaching Out to Other Teachers
We asked teachers to suggest the best ways to encourage teachers to integrate Design Squad and engineering activities into their classrooms.  Teachers suggested that the best way to encourage teachers to use Design Squad would be a personal approach: enlisting teachers who have used the activities to speak with other teachers and to demonstrate the activities.  This outreach could take many forms:
· At a conference, WGBH could have teachers and students doing the activities and demonstrate how well it works.
· Get on the agenda at staff meeting presentations in large school districts. 

“Contact the department heads because we have department meetings regularly.  We’ve had external people come in and meet with us to describe different program.  It would be great if the person who comes to the meeting can demonstrate how to actually do the activities in the meeting so we can see how easy it is to do.”

· Send a short video of teacher and student testimonials that teachers can watch and share with each other.
· Send a short video of actual teachers using the activities in a classroom. 
“A lot of teachers who are new to teaching do not have a lot of experience with organized chaos. So a video lesson that shows a five minute snippet would be great so they can see how to do hands-on learning.”
· Create a loose organization in various regions or tap into the existing ones.  There needs to be some semi-formal or informal network of teachers who want to use technology in their classroom.

“It has to be personal—one person to another.  I have more resources presented to me than I ever would have realized.”  

· Have kids talk about how much fun it is at a conference or include testimonials from students in the DVDs or written materials.
· Have teachers do presentations at conferences or meetings and offer testimonials. 
“I’m going to be much more receptive listening to teachers talk about their experience with this than someone from Design Squad.”

· Match the background of the teachers with the schools (i.e., urban school teachers with other urban schools).  
“Teachers roll their eyes when the academic levels of our students don’t match with teachers from wealthy school districts who come in and talk to us about some great new activity.  I think, well all your kids are at grade level and all your teachers have been teaching forever.  You don’t have the same challenges we do.”
Teachers also offered the following factors for consideration:

· Teachers are more likely to attend local professional development meetings than national meetings.
· A lot of teachers are concerned with “pacing” so it might be helpful to include some guidance from other teachers who have used the materials with a diverse classroom of learners so they can determine how to best meet the needs of learners who are moving at different paces.  “Teachers need to see how it’s going to actually make student achievement better.”
· “Teachers always need professional development points (PDPs).  So, if they could offer seminars that offer PDPs and make them free or low cost, they (WGBH) are going to get the teachers to attend.  This would be enticing to a lot of schools.”
Teachers offered the following additional ideas for reaching out to teachers and encouraging them to use Design Squad or to try engineering activities in their own classrooms.
· Advertise in the NSTA journal (They have a list a freebies, new materials and curricula).
· Send a single flyer with the activity to the schools (e.g., TOPS ads), including the visuals, and a web link for more information and links to the videos.

· It is not necessary to send a DVD, but make it easy to request a DVD.  Teachers indicated they would be willing to pay a nominal cost for one.

· Tie the activities into the standards in each state and emphasize this in the marketing materials.

· Include information on how to integrate this into other content areas such as English language arts, social studies (e.g., What did the ancients do when they needed to carry stuff?), and mathematics.

· Some states have key science leaders, those are strong people, and good individuals to reach out to.

· State conventions are a great place to promote materials.  Especially free materials, like DVDs and a one-pager.  

· Organize the materials in a binder by difficulty, content covered, standards, time requirements, materials required.

· Work with associations and groups such as the New England League of Middle Schools to get the word out.
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� Analyses accounted for intraclass correlations (correlations within each program).
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