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Vehicle Design Test

The Vehicle Design test had four questions, and
measured teacher understanding of the forces acting upon
a moving vehicle and how those forces affect position and
speed. Efficiency questions such as, “What forces are
acting on the vehicles?” assessed basic content knowledge
using skills that are explicitly taught in class. For teachers
not already proficient in this area, we expected a significant
improvement in these questions between the pre- and
posttest results since this material was directly covered in
the Vehicle Design unit, and would indicate that DBI had a
positive effect on efficiency. The innovation question,
“Which of these forces are negligible and can be ignored
and why?” required the teachers to think about what they
learned and observed in class—how the forces interact with
one another, how each might be measured, and what their
relative magnitudes are—and combine that knowledge to
answer a question not previously considered. An improve-
ment in innovation between the pre- and posttest measures
would signify a positive effect of DBI on innovation for
this particular unit.

Reverse Engineering Test

The Reverse Engineering test consisted of eight short-
answer questions measuring teacher knowledge of the
engineering design process and its related components,
and contained an equal mix of innovation and efficiency
questions. An example of an efficiency question is, “Briefly
explain how you decide when an aspect of a product would be
a constraint and when it would be a performance metric.”
This question addresses whether the teachers know the
definitions of constraint and performance metric, which was
taught in class. Unless these concepts were part of our
teachers’ prior knowledge, we expected an increase between
the pre- and posttest efficiency measures. An example of an
innovation question asked the teachers to extend their
knowledge of constraints to the notion of weight: “Identify
an engineering situation or product in which weight might be
a constraint,” Improvements on these types of questions that
require extension or transfer of knowledge to new situations
would suggest an effect of the curriculum on innovation.

Robotics Test

The Robotics test focused on basic ideas of automation
and controls, as well as specifics related to LABVIEW
programming. The test was heavy on efficiency, with five

efficiency questions and just one innovation question. An
example efficiency question asked teachers to “Suppose
the robot described [in a previous question] has a touch
sensor and a LEGO MINDSTORMS NXT controller. How
will the robot behave if the program below (in Figure 2) is
loaded and run?”

As the Robotics unit included direct instruction and
hands-on practice with programming, the teachers were
expected to perform well on this type of posttest measure
for which they were asked to identify the meaning of
particular codes.

The innovation question asked the teachers to “Explain
why a ‘wait for’ programming construct (one that waits for
a sensor to trigger) cannot be used when monitoring more
than one sensor.” Answering this question required a
deeper understanding of the programming construct and the
ability to think about its possible application in a way not
directly discussed in class.

Surveys

In addition to the unit tests, we also used two online
surveys as pre-posttests, the Design Survey and the Fisher
Survey, to address our second research question: Does DBI
increase the teachers’ adaptive beliefs about engineering
and learning? We administered the Fisher Survey (Fisher &
Peterson, 2001) on the first day of class and the Design
Survey at the start of the teachers’ final design project. Both
surveys were used as post-measures, given during the final
week of class.

Design Survey

The Design Survey is part of a longer survey created by
Mosborg et al. (2005), and consists of 27 Likert scale belief
statements on a scale of 1 (strongly disagree) to 5 (strongly
agree) about engineering design. In a study, they aligned
certain survey items to expert engineers’ definitions about
design. Based on the adaptive expertise literature, we
separated the survey statements into categories. Beliefs,
such as “Design is a goal-oriented, constrained, decision-
making activity” and “Good designers get it right the first
time,” represent a view of design as a goal-oriented activity
to be completed expediently, and were categorized as
efficiency statements. Beliefs, such as “Design is not
description of what is, it is the exploration of what might
be” and “Engineering design impacts every aspect of

Figure 2. Example efficiency question from the Robotics content test.
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society,” are consistent with design as an exploratory, fluid
thinking, and holistic endeavor, and were categorized as
innovation statements. Four of the 27 beliefs in the survey
were labeled as efficiency statements and 17 were labeled
as innovation statements. The remaining six beliefs were
not applicable to either view of design and were not used in
the data analysis. Neither reliability nor validity informa-
tion was available to us about the survey. A copy of the
Design Survey is included in Appendix B.

Fisher Survey

The Fisher Survey (Fisher & Peterson, 2001) is a 42
question self-reported Likert scale survey ranging from 1-5
(strongly disagree to strongly agree). It measures four
constructs (Multiple Perspectives, Metacognitive Self-
Assessment, Goals and Beliefs, and Epistemology) that
reflect the cognitive dispositions of adaptive experts, i.e.,
“dispositions that augment and enhance their ability to
effectively utilize and extend their content knowledge”
(Bransford, Brown, & Cocking, 2000; Fisher & Peterson,
2001; Hatano & Inagaki, 1986; Wineburg, 1998). The
survey creators validated the survey by administering it in
multiple iterations to different, but related, groups of people
(a sophomore statistics class with mostly biomedical
engineering (BME) undergraduates, engineering faculty,
engineering freshmen, BME seniors).

Multiple Perspectives statements, such as “When I
consider a problem, I like to see how many different ways
I can look at it,” involve a willingness to use different
approaches and representations when problem solving.
Metacognitive  Self-Assessment statements, such as,
“When I know the material, I can recognize areas where
my understanding is incomplete,” are related to the ability
to monitor one’s own understanding. Goals and Beliefs
statements, such as, “One can increase their level of
expertise in any area if they are willing to try,” are related
to expertise and learning goals. Epistemology statements,
such as “Scientists are always revising their view of the
world around them,” are concerned with the subject’s
belief about the creation of knowledge. Fisher and Peterson
(2001) lists the Cronbach o reliability of the four subscales
range from 0.66 to 0.80 for the different test groups, with
an overall measure between 0.85 and 0.89, but does not
include additional information on validity. Appendix C
contains of copy of the Fisher Survey.

Findings
Content Tests

We used the Vehicle Design, Reverse Engineering, and
Robotics content tests to determine whether the design
challenges in the ESIT would increase the teachers’
engineering innovation and efficiency. The tests were four
to eight questions each, and two researchers scored the

questions from 0-3 points. Inter-grader reliability was
established at 82% consistency, which was sufficient for
our research and exceeded the typical 80% consistency
threshold. Each test was analyzed using a 2 x 2 repeated
measures ANOVA (analysis of variance) with two within-
subjects factors: time (pretest, posttest) and measure
(innovation, efficiency). Our criterion for significance
was p < 0.05.

Vehicle Design

The Vehicle Design test means and standard deviations
are listed in Table 1. The result of the Vehicle Design pre/
posttest showed that the teachers significantly improved in
efficiency, F(1, 28) = 7.04, MSE = 0.26. Although there
was some improvement in innovation, it was not statisti-
cally significant. Main effects of time and measure were not
significant.

Reverse Engineering

Table 2 shows the means and standard deviations of the
Reverse Engineering pre/posttests. Efficiency scores
improved significantly from pretest to posttest, while
improvements in innovation scores were not significant.
The main effects of both time, F(1, 28) = 9.11, MSE =
0.31, and measure, F(1, 28) = 5.79, MSE = 0.48, are
dependent upon each other, as is indicated by the
significant interaction, F(1, 28) = 6.01, MSE = 0.24.

Robotics

Teachers improved significantly on both innovation and
efficiency, as is seen with the main effect of time, F (1, 32) =
28.14, MSE = 0.80. Efficiency averages were higher than
innovation averages, but there was not a significant main
effect of measure or a significant interaction between time and
measure. Table 3 lists the results of the Robotics test.

Content Test Summary

For the Vehicle Design Challenge, teachers exhibited a
significant increase in their efficiency when dealing with

Table 1
Vehicle Design innovation and efficiency means and standard deviations
(N=29, 0-3 points).

Time

Vehicle Design Pretest Posttest
Innovation

M 1.41 1.79

SD 1.45 1.42
Efficiency

M 1.67 2.02

SD 0.60 0.77
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Table 2
Reverse Engineering innovation and efficiency means and standard
deviations (N=29, 0-3 points).

Table 4
Design Survey innovation and efficiency means and standard deviations
(N=30, scale=1-5).

Time Time

Reverse Engineering Pretest Posttest Design Survey Pretest Posttest
Innovation Innovation

M 1.71 1.79 M 3.89 4.05

SD 0.61 0.62 SD 0.43 0.34
Efficiency Efficiency

M 1.17 1.71 M 2.71 2.92

SD 0.82 0.78 SD 0.63 0.49

problems related to the content of the unit. Prior to
beginning the Reverse Engineering Challenge, the teachers
approached the content covered in the Reverse Engineering
unit in significantly more innovative ways than efficient
ways. However, they showed significant improvements
from the beginning to the end of the week in their
efficiency. As such, at the end of the unit, they were just as
efficient as they were innovative. During the third week,
the Robotics Challenge week, they were both significantly
more innovative and significantly more efficient from
beginning to end of week. In other words, during the third
week, their adaptive expertise related to that week’s content
showed a significant increase.

Beliefs Surveys

The Design Survey and the Fisher Survey assessed
whether professional development using DBI would
increase the teachers’ adaptive beliefs about engineering
and learning. Both Likert scale surveys have a scale from
1-5 with 1 as strongly disagree and 5 as strongly agree.

Design Survey

We divided the questions into those that indicated
innovative attitudes, and those indicating efficiency
attitudes. Questions that did not indicate either innovation
or efficiency were excluded. Since there were a different
number of innovation questions than efficiency questions,
for each participant, we used the mean score for each group
as their innovation and their efficiency score. Table 4 lists

Table 3
Robotics innovation and efficiency means and standard deviations (N=31,
0-3 points).

Time

Robotics Pretest Posttest
Innovation

M 1.11 1.70

SD 1.29 1.20
Efficiency

M 0.94 2.00

SD 0.77 0.73

the means and standard deviations of these two groups of
questions. The analysis was done using a 2 x 2 repeated
measures ANOVA with two within subjects factors: time
(pretest, posttest) and measure (innovation, efficiency). On
the pre- and post-measures of design understanding, teachers
improved significantly on both innovation and efficiency,
exhibited by a significant main effect of time, F' (1, 29) =
6.95, MSE = 0.14, p < 0.05. There was also a significant
main effect of measure, F (1, 29) = 130.97, MSE = 0.31,
p < 0.05, with innovation averages being significantly
higher than efficiency averages.

The teachers related engineering more closely with
innovation than efficiency. Interestingly, from the initial
survey to the final survey, teachers demonstrated signifi-
cant increases in their beliefs about how both efficiency and
innovation are linked to engineering, signaling that their
beliefs changed in that timeframe and they were thinking
more like adaptive experts.

Fisher Survey

We used a 2 x 4 repeated measures ANOVA with two
within subjects factors: time (pretest, posttest) and dimen-
sion (Multiple Perspectives, Metacognitive Self-Assessment,
Goals and Beliefs, and Epistemology). Similar to the Design
Survey, because each category had a different number
of questions, each participant’s overall score in a category
is the mean of all the questions in that category. Table 5
summarizes the Fisher Survey means and standard
deviations.

Although the mean scores rose from pretest to posttest,
the difference was not statistically significant, F (1, 25) =
1.49, MSE = 0.19, p > 0.05. Interestingly, teachers rated
significantly higher in the categories Epistemology and
Metacognitive Self-Assessment than in the categories
Goals and Beliefs and Multiple Perspectives, F (1, 25) =
9.88, MSE = 0.15, p < 0.05. For instance, teachers may
have agreed strongly with statements such as “Scientific
knowledge is developed by a community of researchers” or
“I monitor my performance on a task,” but had lower
rating for statements such as, “Challenge stimulates me” or
“I create several models of an engineering problem to see
which one I like best.”
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Table 5
Fisher Survey: four dimensions of adaptive expertise means and standard
deviations (N=26, scale=1-5).

Time

Design Survey Pretest Posttest
Multiple Perspectives

M 3.80 3.86

SD 0.44 0.39
Metacognitive Self-Assessment

M 4.06 4.11

SD 0.36 0.42
Goals and Beliefs

M 3.76 3.81

SD 0.41 0.40
Epistemology

M 3.98 3.99

SD 0.36 0.42

Discussion and Conclusion

Our first research question addressed whether participat-
ing in the ESIT program could impact teachers’ engineer-
ing innovation and efficiency when they were presented
with content-specific problems to solve. The three content
test results demonstrate that the DBI used in the ESIT
program significantly increased the teachers’ efficiency
score. The results for teachers’ engineering innovation
were mixed. It increased significantly over the Robotics
Challenge, but not over the other two units. However, the
fact that the innovation score for the Reverse Engineering
Challenge was high for both pre- and posttests suggests that
there may have been a ceiling effect where there was not
much room for the scores to improve despite the DBI
curriculum. From these results, it appears that it is possible
for DBI to increase teachers’ engineering efficiency and
innovation, but some challenges (particularly Vehicle
Design) may need revision to focus more on the innovative
aspects of the problem.

Our second research question concerns whether DBI
increases teachers’ adaptive beliefs about learning engi-
neering content and the engineering design process. The
Design Survey results indicate a significant increase in the
teachers’ adaptive beliefs about engineering design. The
teachers improved significantly on both innovation and
efficiency, with innovation averages being significantly
higher than efficiency averages. As design was the core
principle of the ESIT program, the increases on both
innovation and efficiency were encouraging.

However, the Fisher Survey results showed that teachers’
beliefs about how engineering is learned remained unchanged;
the teachers’ beliefs about learning in general did not become
more adaptive. Although the teachers’ scores increased slightly
for each measure (Multiple Perspectives, Metacognitive Self-
Assessment, Goals and Beliefs, and Epistemology), those
scores were already high at the beginning of the ESIT
program. This result is interesting when compared with the

Design Survey results. Teachers did not increase the adapti-
veness of their beliefs about learning in general, but they did
increase their innovative approach to design in engineering.
This suggests that the design focus of the ESIT program may
be a key to increasing teachers’ innovation.

There are important limitations of this study. The sample
population is relatively small. Owing to study constraints,
we were also unable to determine the reliability of the unit
tests and the parts of the Design survey that we used.
In addition, because we were unable to have a control
group, we cannot compare the ESIT to other professional
development programs. It is also possible that there are
self-selection effects and that our participants may not be
representative of the entire population of teachers who may
be interested in learning to teach design engineering. As the
number of professional learning opportunities for teachers
in engineering grow, we hope to be able to conduct such a
study.

The ESIT program was born out of the necessity to train
teachers to fill the expected demand for high school
engineering classes. It is impossible to duplicate the
experience of a full college major or work experience in
engineering in the required training time. This problem is
further complicated by the fact that the teachers will need to
work across multiple engineering domains. The ESIT
program believes that instead of standard rigid routine
content instruction, the teachers are better served by giving
them experiences using basic design engineering knowl-
edge fluidly and flexibly. Thus, it takes an adaptive
expertise approach to the training. This study has provided
some insight on elements of the ESIT that improved
teachers’ adaptive expertise. Our next step will be to
investigate the data we have collected from these teachers’
students. This will provide more information on both how
to design the ESIT experience, and on how changes in
teachers’ adaptive expertise transfer to their teaching
practice and their students’ growth in adaptive expertise.

References

Amaiwa, S., & Hatano, G. (1983). Comprehension of subtraction pro-
cedures by intermediate abacus learners. Paper presented at the 47th
Annual Convention of the Japanese Psychological Association, Tokyo,
Japan.

Anthony, G., Hunter, J., & Hunter, R. (2015). Prospective teachers
development of adaptive expertise. Teaching and Teacher Education,
49, 108-117.

Berliner, D. C. (2004). Describing the behavior and documenting the
accomplishments of expert teachers. Bulletin of Science, Technology &
Society, 24(3), 200-212.

Bransford, J. D. (2007). Preparing people for rapidly changing environ-
ments. Journal of Eng, 96(1).

Bransford, J. D., Brown, A. L., & Cocking, R. (2000). How people learn:
Brain, mind, experience, and school. Washington DC: National
Academy Press.

Brown, A. L. (1997). Transforming schools into communities of thinking
and learning about serious matters. American Psychologist, 52(4),
399-413.



44 T. Martin et al. / Journal of Pre-College Engineering Education Research

Chi, M. T. H., Feltovich, P. J., & Glaser, R. (1981). Categorization and
representation of physics problems by experts and novices. Cognitive
Science, 5(2), 121-152.

Crawford, V. M., Schlager, M., Toyama, Y., Riel, M., & Vahey, P. (2005).
Characterizing adaptive expertise in science teaching. Presented at the
American Educational Research Association Annual Conference,
Montreal, Canada.

De Arment, S. T., Reed, E., & Wetzel, A. P. (2013). Promoting adaptive
expertise: A conceptual framework for special educator preparation.
Teacher Education and Special Education: The Journal of the Teacher
Education Division of the Council for Exceptional Children. http://doi.
org/10.1177/0888406413489578

Engineering the Future. (2014). Retrieved June 8, 2014, from http:/www.
iat.com/courses/engineering/engineering-the-future/?type=introduction

Feiman-Nemser, S. (2008). How do teachers learn to teach? In Handbook
of Research on teacher education: Enduring questions in changing
contexts (3rd ed.). New York, NY: Routledge.

Feltovich, P. J., Prietula, M. J., & Ericsson, K. A. (2006). Studies of
expertise from psychological perspectives. In K. A. Ericsson, N.
Charness, P. J. Feltovich, & R. R. Hoffman (Eds.), Cambridge
handbook of expertise and expert performance (pp. 1-35). New York,
NY: Cambridge University Press.

Fisher, F. T., & Peterson, P. L. (2001). A Tool to Measure Adaptive
Expertise in Biomedical Engineering Students. In Proceedings of the
2001 American Society for Engineering Education Annual Conference
& Exposition. Albuquerque, NM.

Hatano, G. (1988). Social and motivational bases for mathematical
understanding. New Directions for Child and Adolescent Development,
1988(41), 55-70.

Hatano, G., Ericsson, K. A., & Hoffman, R. R. (2002). Expertise. In
Encyclopedia of Education. Retrieved from http://www.encyclopedia.
com/doc/1G2-3403200219.html.

Hatano, G., & Inagaki, K. (1986). Two courses of expertise. In H. Stevenson,
J. Azuma, & K. Hakuta (Eds.), , Child development and education in
Japan (pp. 262-272). New York, NY: W. H. Freeman & Co.

Hatano, G., & Oura, Y. (2003). Commentary: Reconceptualizing school
learning using insight from expertise research. Educational Researcher,
32(8), 26-29.

Inagaki, K., & Hatano, G. (1977). Amplification of cognitive motivation
and its effects on epistemic observation. American Educational
Research Journal. Retrieved from http://ezproxy.lib.utexas.edu/login?
url=http://search.ebscohost.com/login.aspx ?direct=true&db=eric&
AN=EJ184147&site=ehost-live

Katehi, L., Pearson, G., & Feder, M. (Eds.). (2009). Engineering in K-12
education: Understanding the status and improving the prospects.
Washington DC: The National Academies Press.

Lin, X., Schwartz, D. L., & Hatano, G. (2005). Towards teachers’ adaptive
metacognition. Educational Psychologist, 40(4), 245-255.

Martin, T., Petrosino, A., Rivale, S., & Diller, K. (2006). The development
of adaptive expertise in biotransport. New Directions in Teaching and
Learning, (108), 35-47.

Mason-Williams, L., Frederick, J. R., & Mulcahy, C. A. (2014). Building
adaptive expertise and practice-based evidence: Applying the imple-
mentation stages framework to special education teacher prepartation.
Teacher Education and Special Education: The Journal of the Teacher
Education Division of the Council for Exceptional Children. http://doi.
org/10.1177/0888406414551285

Mosborg, S., Adams, R., Kim, R., Atman, C. J., Turns, J., & Cardella, M.
(2005). Conceptions of the engineering design process: An expert
study of advanced practicing professionals. In Proceedings of the 2005
American Society for Engineering Education Annual Conference &
Exposition. Portland, OR.

PLTW. (2011). PLTW high school engineering. Retrieved March 1, 2012,
from http://www.pltw.org/our-programs/high-school-engineering-
program

Schwartz, D. L., Bransford, J. D., & Sears, D. (2006). Efficiency and
innovation in transfer. In  Transfer of learning from a modern
multidisciplinary perspective (pp. 1-51). Charlotte, NC: Information
Age Publishing. Retrieved from http://aaalab.stanford.edu/papers/
Innovation%?20in%20Transfer.pdf

Schwartz, D. L., Brophy, S., Lin, X., & Bransford, J. D. (1999). Software
for managing complex learning: Examples from an educational
psychology  course.  Educational —Technology  Research —and
Development, 47(2), 39-59.

Schwartz, D. L., & Martin, T. (2004). Inventing to prepare for future
learning: The hidden efficiency of encouraging original student
production in statistics instruction. Cognition and Instruction, 22(2),
129-184.

Timperley, H. (2012). Learning to practise in initial teacher education.
Ministry of Education of New Zealand.

Verschaffel, L., Luwel, K., Torbeyns, J., & Van Dooren, W. (2009).
Conceptualizing, investigating, and enhancing adaptive expertise in
elementary mathematics education. European Journal of Psychology of
Education — EJPE (Instituto Superior de Psicologia Aplicada), 24(3),
335-359.

Wineburg, S. (1998). Reading Abraham Lincoln: An expert/expert study
in the interpretation of historical texts. Cognitive Science, 22(3),
319-346.

Yoon, S. A., Koehler-Yom, J., Anderson, E., Lin, J., & Klopfer, E. (2015).
Using an adaptive expertise lens to understand the quality of teachers’
classroom implementation of computer-supported complex systems
curricula in high school science. Science & Technological Education,
33(2), 237-251.


http://doi.org/10.1177/0888406413489578
http://doi.org/10.1177/0888406413489578
http://www.iat.com/courses/engineering/engineering-the-future/?type=introduction
http://www.iat.com/courses/engineering/engineering-the-future/?type=introduction
http://www.encyclopedia.com/doc/1G2-3403200219.html
http://www.encyclopedia.com/doc/1G2-3403200219.html
http://ezproxy.lib.utexas.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=EJ184147&site=ehost-live
http://ezproxy.lib.utexas.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=EJ184147&site=ehost-live
http://ezproxy.lib.utexas.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=EJ184147&site=ehost-live
http://doi.org/10.1177/0888406414551285
http://doi.org/10.1177/0888406414551285
http://www.pltw.org/our-programs/high-school-engineering-program
http://www.pltw.org/our-programs/high-school-engineering-program
http://aaalab.stanford.edu/papers/Innovation%20in%20Transfer.pdf
http://aaalab.stanford.edu/papers/Innovation%20in%20Transfer.pdf

T. Martin et al. / Journal of Pre-College Engineering Education Research 45

Appendix A

Instrument Al. Vehicle design pre/posttest with questions
labelled as Innovation or Efficiency

Vehicle Design Challenge

Pre Test:
Given the following diagram of three tracks (tracks 1, 2,3) from point A to point B.
If there are identical vehicles starting at point A at the same time:

>
O

—-— Supports

Figure 1

Answer the following:
a) Which car (1, 2, or 3) arrives first? (Efficiency)

b) What are their relative speeds at point B (which car - 1, 2, or 3 has the highest
velocity)? (Efficiency)

c) What forces are acting on the vehicles? (Efficiency)

d) Which of these forces are negligible and can be ignored and why? (Innovation)

Instrument A2. Reverse engineering pre/posttest with
questions labeled as Innovation or Efficiency
Introduction to Engineering and Design

Summer 2010

Pre-test Week 2

1. What are the stages of the engineering design
process? (Innovation)

2. Describe the differences between Reverse Engineer-
ing and Forward Design. Explain why these differen-
ces make sense. (Efficiency)

3. Think of a situation in which weight is an important
aspect of a product that is being designed.

a. Identify an engineering situation or product in which
weight might be a constraint. (Innovation)

b. Identify an engineering situation or product in which
weight might be a performance metric. (Innovation)

c. Briefly explain how you decide when an aspect of
a product would be a constraint and when it would
be a performance metric. (Innovation)

4. What is the purpose of functional modeling in
engineering design? (Innovation)

5. Suppose a flashlight operates with a 3 V battery pack
and draws 300 mA of current while producing 0.1 W
of output light power.

a. How much power does the flashlight use? (Efficiency)
b. What is the efficiency of the flashlight? (Efficiency)

Instrument A3. Robotics pre/posttest with questions
labeled as Innovation or Efficiency

Introduction to Engineering and Design

Summer 2010

Pre-test Week 3

1. What characteristics distinguish automated or con-
trolled systems? (Efficiency)

2. What is the difference between open-loop control and
closed-loop control? Give an example of each.
(Efficiency)

3. Explain why a “wait for” programming construct
(one that waits for a sensor to trigger) cannot be
used when monitoring more than one sensor?
(Innovation)

4. A small robot has motors to drive each rear wheel
independently. The vehicle executes turns by
driving one wheel forward and the opposite wheel
backward. The motors are connected to gear train
with a speed ratio of 1 to 3 (1 output rotation for
3 input rotations). The robot has 5.75 cm diameter
tires and a wheel base (distance between wheel
centers) of 16.5 cm. How many rotations of each
motor are required to execute a 90° turn?
(Efficiency)

5. Suppose the robot described above has a touch sensor
and an LEGO MINDSTORMS NXT controller. How
will the robot behave if the program below is loaded
and run? (Efficiency)

6. Suppose the program below is loaded and run on the
robot described above. How will the robot behave?

(Efficiency)

% 1% ’é,]‘ Ay
Fw" Fw" Touch ~| (Brake ~| |Back ~ 5'

m .......

This is a LabVIEW version of the same program.
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Table Al
List of Innovation and Efficiency questions in unit pre/posttests.
Test Question Innovation/Efficiency
Vehicle Design A Efficiency
B Efficiency
C Efficiency
D Innovation
Reverse Engineering 1 Innovation
2 Efficiency
3a Innovation
3b Innovation
3c Innovation
4 Innovation
5a Efficiency
5b Efficiency
Robotics 1 Efficiency
2 Efficiency
3 Innovation
4 Efficiency
5 Efficiency
6 Efficiency
Appendix B

Design Survey with

items labeled as Innovation,

Efficiency, or N/A

Below are a number of statements people have made about
design. We expect that different statements will appeal to
different people. In the table below, please indicate the extent
to which you agree with the statement provided (i.e., speaks to
you, resonates with you, you agree with it, etc.)

1.
. Good designers have intrinsic design ability. (Efficiency)

Good designers get it right the first time. (Efficiency)

In design, a primary consideration through the process
is addressing the question “Who will be using the
product?” (N/A)

Visual representations are primarily used to com-
municate the final design to a teammate or the client.
(Efficiency)

Engineering design is the process of devising a
system, component or process to meet a desired
need. (Innovation)

Design in a major sense is the essence of engineer-
ing; Design, above all else, distinguishes engineer-
ing from science. (Innovation)

Design begins with the identification of a need and ends
with a product or system in the hands of a user. (NA)

. Design is primarily concerned with synthesis rather

than the analysis, which is central to engineering
science. (N/A)

... design is a communicative act directed towards
the planning and shaping of human experience. The
task of the designer is to conceive, plan, and
construct artifacts that are appropriate to human
situations, drawing knowledge and ideas from all the
arts and sciences. (Innovation)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.
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Design is as much a matter of finding problems as it
is of solving them. (Innovation)

In design it is often not possible to say which bit of the
problem is solved by which bit of the solution. One
element of a design is likely to solve simultaneously
more than one part of the problem. (Innovation)
Design is a highly complex and sophisticated skill.
It is not a mystical ability given only to those with
deep, profound powers. (Innovation)

Designing as a conversation with the materials of a
situation. (N/A)

Design defines engineering. It’s an engineer’s job to
create new things to improve society. (Innovation)
Design is not description of what is, it is the
exploration of what might be. (Innovation)

Design is often solution-led, in that early on the
designer proposes solutions in order to better
understand the problem. (Innovation)

In design, the problem and the solution co-evolve,
where an advance in the solution leads to a new
understanding of the problem, and a new under-
standing of the problem leads to a ‘surprise’ that drives
the originality streak in a design project. (Innovation)
Design is a goal-oriented, constrained, decision-
making activity. (Efficiency)

Designers operate within a context which depends on
the designer’s perception of the context. (Innovation)
Creativity is integral to design, and in every design
project creativity can be found. (Innovation)
Engineering design impacts every aspect of society.
(Innovation)

A critical consideration for design is developing pro-
ducts, services, and systems that take account of eco-
design principles such as use of green materials, design
for dismantling, and increased energy efficiency. (N/A)
Design is “world” creation; everyone engages in
design all the time. It is the oldest form of human
inquiry giving rise to everything from cosmologies
to tools. (Innovation)

Design, in itself, is a learning activity where a
designer continuously refines and expands their
knowledge of design. (Innovation)

Designers use visual representations as a means of
reasoning that gives rise to ideas and helps bring
about the creation of form in design. (Innovation)
Information is central to designing. (N/A)

Design is iteration. (Innovation)

Of the 27 statements above, which statement do you
agree with the MOST?

Please type in the number of the statement (1-27).
(Not used in the analysis)

Of the 27 statements above, which statement do you
agree with the LEAST?

Please type in the number of the statement (1-27).
(Not used in the analysis)
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Table Bl
List of Innovation and Efficiency items in the Design Survey.

Question # Innovative, Efficient, or N/A
1 Efficient

2 Efficient

3 N/A

4 Efficient

5 Innovative
6 Innovative
7 N/A

8 N/A

9 Innovative
10 Innovative
11 Innovative
12 Innovative
13 N/A

14 Innovative
15 Innovative
16 Innovative
17 Innovative
18 Efficient
19 Innovative
20 Innovative
21 Innovative
22 N/A

23 Innovative
24 Innovative
25 Innovative
26 N/A

27 Innovative

Appendix C

Fisher Survey of adaptive beliefs labeled by subscale

(Multiple Perspectives,

Metacognitive Self-Assessment,

Goals & Beliefs, Epistemology).
Please answer the questions using the following rating scale:
1 (strongly disagree), 2 (disagree) 3 (neutral), 4 (agree),
5 (strongly agree)

1.

2.

10.

I create several models of an engineering problem to
see which one I like best. (Multiple Perspectives)

I often try to monitor my understanding of the
problem. (Metacognitive Self-Assessment)

. Most knowledge that exists in the world today will

not change. (Epistemology)
I rarely consider other ideas after I have found the
best answer. (Multiple Perspectives)

. As I learn, I question my understanding of the new

information. (Metacognitive Self-Assessment)
Facts that are taught to me in class must be true.
(Epistemology)

. When I consider a problem, I like to see how many

different ways I can look at it. (Multiple Perspectives)
I feel uncomfortable when I cannot solve difficult
problems. (Goals & Beliefs)

I create several models of an engineering problem to
see which one I like best. (Multiple Perspectives)
Experts in engineering are born with a natural talent
for their field. (Goals & Beliefs)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.
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Usually there is one correct method in which to
represent a problem. (Multiple Perspectives)

When I struggle, I wonder if I have the intelligence
to succeed in engineering. (Goals & Beliefs)

There is one best way to approach a problem.
(Multiple Perspectives)

Although I hate to admit it, I would rather do well in
a class than learn a lot. (Goals & Beliefs)
Knowledge that exists today may be replaced with a
new understanding tomorrow. (Epistemology)

I am open to changing my mind when confronted with
an alternative viewpoint. (Multiple Perspectives)

I seldom evaluate my performance on a task.
(Metacognitive Self-Assessment)

Existing knowledge in the world seldom changes.
(Epistemology)

I tend to focus on a particular model in which to
solve a problem. (Multiple Perspectives)

One can increase their level of expertise in any area
if they are willing to try. (Goals & Beliefs)

Poorly completing a project is not a sign of a lack of
intelligence. (Goals & Beliefs)

I have difficulty in determining how well I under-
stand a topic. (Metacognitive Self-Assessment)

I find additional ideas burdensome after I have found a
way to solve the problem. (Multiple Perspectives)
Scientists are always revising their view of the world
around them. (Epistemology)

As a student, I cannot evaluate my own understanding
of new material. (Metacognitive Self-Assessment)
Challenge stimulates me. (Goals & Beliefs)

I solve all related problems in the same manner.
(Multiple Perspectives)

Scientific theory slowly develops as ideas are
analyzed and debated. (Epistemology)

I feel uncomfortable when unsure if I am doing a
problem the right way. (Goals & Beliefs)

For a new situation, I consider a variety of approaches
until one emerges superior. (Multiple Perspectives)
Experts are born, not made. (Goals & Beliefs)

I rarely monitor my own understanding while learning
something new. (Metacognitive Self-Assessment)
Scientific knowledge is discovered by individuals.
(Epistemology)

Even if frustrated when working on a difficult
problem, I can push on. (Goals & Beliefs)

When I know the material, I can recognize areas where
my understanding is incomplete. (Metacognitive Self-
Assessment)

Most knowledge that exists in the world today will
not change. (Epistemology)

To become an expert in engineering, you must have
an innate talent for engineering. (Goals & Beliefs)
Scientific knowledge is developed by a community
of researchers. (Epistemology)
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39. I am afraid to try tasks that I do not think I will do 42.

well. (Goals & Beliefs)

Expertise can be developed through hard work.
(Goals & Beliefs)

As I work, I ask myself how I am doing and seek out
appropriate feedback. (Metacognitive Self-Assessment)
When I solve a new problem, I always try to use the
same approach. (Multiple Perspectives)

40. I monitor my performance on a task. (Metacognitive 43.
Self-Assessment)
41. Progress in science is due mainly to the work of sole 44.
individuals. (Epistemology)
Table C1

List of Fisher Survey items by subscale: Perspectives, Metacognitive Self-Assessment, Goals & Beliefs, and Epistemology.

Question Aspect of Adaptive Expertise Question Aspect of Adaptive Expertise
1 Multiple Perspectives 23 Multiple Perspectives

2 Metacognitive Self-Assessment 24 Epistemology

3 Epistemology 25 Metacognitive Self-Assessment
4 Multiple Perspectives 26 Goals & Beliefs

5 Metacognitive Self-Assessment 27 Multiple Perspectives

6 Epistemology 28 Epistemology

7 Multiple Perspectives 29 Goals & Beliefs

8 Goals & Beliefs 30 Multiple Perspectives

9 Multiple Perspectives 31 Goals & Beliefs

10 Goals & Beliefs 32 Metacognitive Self-Assessment
11 Multiple Perspectives 33 Epistemology

12 Goals & Beliefs 34 Goals & Beliefs

13 Multiple Perspectives 35 Metacognitive Self-Assessment
14 Goals & Beliefs 36 Epistemology

15 Epistemology 37 Goals & Beliefs

16 Multiple Perspectives 38 Epistemology

17 Metacognitive Self-Assessment 39 Goals & Beliefs

18 Epistemology 40 Metacognitive Self-Assessment
19 Multiple Perspectives 41 Epistemology

20 Goals & Beliefs 42 Goals & Beliefs

21 Goals & Beliefs 43 Metacognitive Self-Assessment
22 Metacognitive Self-Assessment 44 Multiple Perspectives




