


























because their implementations had not stabilized enough for them to draw out a “final design” in
their eyes), while others such as Team 4 were able to create final sketches that were reasonably
accurate (see Figure 3).
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Figure 3: Team 4 final design sketch

As teams integrated their modules together, many surprises were encountered. Some teams,
such as Team 4, realized that their modules would need to be at different heights in order to be
connected together, and reflected this in their designs (see Figure 3). Other teams had no idea
that their modules needed to be at different heights and spent much of the last class coming up
with creative workarounds to connect their modules together. This process ended with final lists
of steps and drawings for three of the four teams. Due to time constraints, no teams had time to
do significant redesigns of individual modules for purposes other than connecting them together.
However, the overall improvement in the quality of their design products was clear, as their
drawings had more detail and labeling than when they started brainstorming at the beginning of
the class.

Research question 2: How do group interactions influence design process outcomes?

Teamwork was a challenge for the students. Gifted children often prefer to work alone than
to work with others. The notion of individual roles in teams was introduced in order to facilitate
better teamwork, but the students did not adopt the roles well and usually fell back into each
person working independently. That can be illustrated by the sketch in Figure 4, which was
generated during the first brainstorming session.
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Figure 4: Team 3 first design sketch

Although this was supposed to be a group endeavor and groups were supposed to make sure
everyone’s ideas were included, the label “My Idea!” used on this sketch shows that perhaps this
student did not understand the spirit of the class and decided to identify his idea. From our
observations, we could see that other similar cases happened and that, although teams had a chief
idea officer, who was in charge of leading brainstorming and making sure all ideas were
discussed and considered for inclusion in the final design, often times the designs ended up
having mostly ideas from one or two members in the group. As a result, the brainstorming time
typically consisted of each individual drawing a complete machine on a piece of paper and then
trying to figure out with the team either which machine was better or how the machines could be
connected together. This was not in the spirit of true collaboration, and was something that we as
teachers worked very hard with the students to overcome.

One good example of the aforementioned issues was Steven who was a very gifted and
creative student and who, from the first class, showed a lot of potential to work on the task we
proposed. His interest inventory included activities related to Rube Goldberg and engineering
and his pre-assessment and his participation in class showed that he had quite a lot of knowledge
of physics and the concepts used to create Rube Goldberg machines. From the first class, it
looked like Steven would definitely succeed and be able to create great Rube Goldberg
machines. However, Steven was placed in a “problem group” and his trajectory went from
promising at the beginning to struggling to get his project done in time towards the end of the
course. Steven was in a group that had a student who was not interested at all in the project and
missed half of the classes; another student who could not follow the pace of the class and, thus,
could not help very much; and another student who had great ideas, but who had a really hard
time working in a group. Steven and this last group mate argued all the time and neither of them
could compromise whenever they had to decide whose idea to use and that caused the whole
group to collapse. At some point, Steven decided he would finish the project even if he had to do
it by himself and that is exactly what happened from then on. However, his project included
some ideas by the other group members and, since he wanted to prove that his ideas were better
than his peers’, he ended up having to do much more than he could and also had a hard time
getting ideas from his sketches built. Had he been working by himself, he would probably have
remained within his comfort zone, but that was not what happened, so being in a group was
probably not beneficial to Steven.
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An example of how a team can work together to face adversity and complete a task is the
case of Sandra and of how the same team can stick together when one member becomes a
problem, who was in a group with two other girls. Sandra also showed a lot of potential from the
beginning, but some of her qualities helped her overcome most of the difficulties faced
throughout the process: she could easily compromise and she didn’t give up even when things
were not working for her group. Her solutions to problems were usually accepted by her group
mates or were discussed with the group, so that everyone was listened to and the best ideas were
used. One good example of how group interactions in that group were positive and contributed to
the successful completion of their project was the extensive list of theme ideas the group
generated during one of the first class. That was the perfect example of how brainstorming
should happen. However, towards the end of the course, one of the members of Sandra’s group
started moving in a different direction and Sandra and the other group mate simply continued
working on their project and tried to include the non-conforming peer as much as possible, but
without compromising their project and instead of simply engaging in useless arguments.

Research question 3: How effective is teaching an engineering design process?

Overall, the engineering design process was difficult for the students to use. During the first
day of class, “the kids seemed very receptive” (Instructor 1 journal, 1/26/08) to learning an
engineering design process. When it came to applying it, though, the students were primarily
interested in building and didn’t want to take the time to do planning and design work before
building. This could be due to the fact that few students had experience designing before but
most had built things at home and/or school prior to the class. We were able to get them to
design by scaffolding and staging the class in such a way that they could not build until they had
designs, but this had a very forced feeling to it.

Many of the problems stemmed from students not differentiating stages of the design process
and instead trying to immediately draw the final design (Instructor 1 journal, 1/26/08), as was
described in research question 1. This was the case if they did documentation at all, which many
groups would rather not have had it been their choice. “Guiding the students that the drawings
should be done during particular parts of the class seems to be working”, but the instructors
questioned whether “this is a natural way to do design” since it was forced and since the students
were “not going back and revisiting the design stage very much” (Instructor 1 journal, 2/2/08).

While generating design documentation was a challenge both for the students and for the
teachers trying to encourage the students, it did have some distinct advantages. Besides
providing a baseline for students to refer to during building, written designs also provided a
record of decisions made in the past and allowed students who had missed class to get up to
speed faster. Design drawings also helped mediate several arguments among team members who
remembered the past differently. These drawings also improved significantly over time, as was
discussed in research question 1.

On the last day of class a survey to assess the students’ perceptions of the class was
administered by the course assistants. My Class Activities'' (MCA) is an instrument that
measures students’ perceptions of four dimensions of motivation in classroom environments. The
four dimensions are Interest, Challenge, Choice, and Enjoyment. MCA was normed using a
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national sample of both gifted and non-gifted students and showed alpha reliability internal
consistency estimates ranging from .75 to .92 for middle school students. Scores for students in
the Saturday enrichment program on the four dimensions of MCA usually range from 3.30
(Choice) to 4.40 (Enjoyment). Students in our class attributed scores ranging from 3.36 (Choice)
to 4.50 (Enjoyment) to our class. Table 1 contains the average MCA scores for other Saturday
enrichment program classes and for our class in the semester in which we taught the course.

Rube
Goldberg All Classes
Interest 4.16 4.23
Challenge 3.62 3.51
Choice 3.36 3.35
Enjoyment 4.50 4.43

Table 2: Mean MCA scores for Rube Goldberg and for other classes

Another source of evaluation of classes are students written comments about the classes they
take in the Saturday enrichment program, which are collected at the same time as MCA. Most of
the comments were positive and indicated that students were satisfied with the results of the
class. When asked about what they liked the most about the class, most of the students said they
really enjoyed building and some of them said they liked the creation process and being able to
use their own ideas in their projects. When asked if they would like to tell us anything about the
class, students’ comments ranged from “fun” to “awesome” (with some of the students not
responding to the question).

Conclusions

Rube Goldberg engineering design activities can act as a bridge to expose middle school
students to the world of engineering, where design is a central activity. They also serve to bring
people from a variety of backgrounds together around a common cause, where they can learn
from and with one another as they tackle engineering challenges. Engineering educators are
faced with many of the same challenges when teaching new classes of first-year students.
Students are coming from a variety of backgrounds into a new environment where they know
few people and are looking for direction. Rube Goldberg engineering design activities can
provide team-building experiences for students, in addition to providing them with early
exposure to engineering design in a challenging yet interesting context. We can learn from the
experiences that these middle school students had, and try to provide similar successful
experiences to students enrolled in first-year engineering programs.

The class described in this paper provided an experience for students in learning about
engineering and being successful working in a team and doing an engineering project. Since
design is central to many engineering tasks, this project is a more realistic hands-on way to
expose students to engineering thinking. Their thinking sharpened over the course of the class, as
evidenced by the improved quality of their design products and increased complexity of their
designs. This alone can help more students develop and maintain an interest in engineering, even
if they had never considered it as a viable option before.
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Teamwork was a challenge for the groups, but the lessons they learned can help us
understand students entering our first-year classrooms who may become future engineers. The
middle school students had trouble applying a design process, taking leadership roles,
compromising, and demonstrating sufficient maturity to focus and manage their own schedule
toward an abstract goal. These findings are consistent with Crismond’s'? work reviewing
research comparing “beginning” and “informed” designers in a variety of settings. The novice
designers in this class tended to “fixate on first design ideas,” “design in haphazard ways,” and
“have a generalized, unfocused way of viewing tests and troubleshooting their ideas™'*. These
are the same kinds of issues we encounter when teaching freshmen, many of who are also
“beginning” designers. Engaging students in an engineering design project helps give students
critical experience in these areas.

Based on our findings, we have suggestions for educators who plan to use similar activities in
teaching kids of a similar age group. The first suggestion is establishing shorter-term goals for
students and finding ways to engage students in whole-class activities. Having each group build
a module and then asking groups to integrate their modules into a whole-class machine could
accomplish this. That can create a sense of accomplishment of a task after a module is completed
and it may also engage all students in the classroom in trying to get their modules to work since
failure in any of the modules could cause the machine as a whole to not complete its task without
human intervention. Another suggestion is removing the leadership roles and asking all students
to contribute equally in their groups.

Adding more structure to the way tasks are described is also important. More scaffolded
experiences could help students accomplish their goals and complexity could be added as
students become more proficient at designing and building Rube Goldberg machines. In order to
help students understand the importance of having sketches before building machines, we could
start by drawing machines as a class on the board and then move on to asking groups to
brainstorm and design their own modules.

Overall, the challenges encountered during the class have led to improvements in the
curriculum for future offerings of the class. The students enjoyed the course, rating it
consistently high with other classes offered at the same time. Despite the challenges encountered,
the class did work and served its purpose of teaching students an engineering design process.
Similar ideas could be adapted to first-year classes seeking to provide a bridge into engineering
for their students. We hope that this experience will lead to a greater interest in engineering
among the students who participated, and that others will have the chance to learn from the
experiences described.

Limitations and Suggestions for Future Research

This study is not without limitations and some of them stem from the choice for qualitative
methods. The sample used in this study was small and thus we do not intend to generalize our
findings to all 5™ and 6™ grade students in talent development programs. Our sample was also
rather heterogeneous, which makes generalization challenging, but that also allowed us to see
how our curriculum worked with different types of students. Unfortunately, we were only able to
use the curriculum with one group of students and, since participants were participating in a
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regular educational program, we could not distinguish between groups or students to compare
different approaches and had to provide everyone with the same experience. Finally, because this
study was done in an educational setting, our focus was primarily on teaching the class and not
on collecting data. Our observations of the class may have been limited and biased since we were
primarily in instructor roles and not researchers. Our reflective teaching journals provided
informative insights into the experience of teaching the class, but they were not always written
right after the class was over and that may have created some bias as well.

Future iterations of the class could include some of the suggestions described above such as a
more scaffolded approach to the tasks and changes to the way teamwork was approached.
Having a larger sample would probably not help, but we could have different groups and use
different approaches to teaching Rube Goldberg with each of the groups. That way we could
compare how slightly different models work with similar students. Another idea for
improvement would be having a more homogeneous group. As to data collection improvements,
a study that included various data sources, such as observers with an observation protocol,
interviews with some the students in the class, and videos could help with triangulation of data
sources. Finally, this study could be reframed into an action research framework so that we could
try to improve the curriculum based on our experience teaching different students.
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