Appendix B. Transfer Problem

Problem

A new K-5 elementary school has been constructed in the local area and new
playground still needs to be designed. You obtained the following specifications:

The school is expected to have around 500 students. The area of the playground has not
been determined and space is limited. Safety of both students and school properties
needs to be considered. For example, if students are playing softball too close to a
building, they would risk breaking windows. At minimum, one entire grade will use the
playground space at once. The playground needs to be attractive and fun for all
students.

Your Task

Describe how you would design the playground for the school in the problem
statement. Please describe all assumptions, information you need to obtain, and
justification of use of space as you “think aloud” your strategies for developing the
solution.
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Appendix C. Merriam’s Observational Element Guidelines

Merriam (2001) suggests six elements to consider when making observations. The
following elements will be used as a guide when making classroom observations for this

research and have been modified to address specific issues in this construct.

1. Physical setting: What is the technology classroom like? How is it decorated and
arranged? Where is the classroom location in the school building? What objects and
artifacts are in the classroom? What other resources such as computers, equipment,
etc are present?

2. The participants: Who is in the classroom? Who are the students who are taking the
engineering design course? What are the commonalities of these individuals? What
are the differences of these individuals? What demographic is underrepresented?
Who may be overrepresented?

3. Activities and interactions: What types of activities are taking place in the
classroom? How do participants interact with the activity and with each other? What
are the objectives for the class? How are these objectives achieved? How are these

objectives achieved? (Note: some of these questions may be revealed through curriculum

documents).

4. Conversations: What is the content of the conversations in this classroom? Who is
speaking? Who is silent? What is being said nonverbally? Direct quotes from the
class will be used when possible.

5. Subtle factors: Informal or unplanned events. Nonverbal communication. Dress and

physical appearance of participants. What events do not occur that should occur?
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Appendix D. The Cognitive Processes identified by Halfin’s 1973 Dissertation Study

The Original Cognitive Processes identified by Halfin’s 1973
Study of High-level Designers

Proposed
mental methods

Definition

Analyzing

AN

The process of identifying, isolating, taking
apart, breaking down, or performing similar
actions for the purpose of setting forth or
clarifying the basic components of a
phenomenon, problem, opportunity, object,
system, or point of view.

Communicating

™M

The process of conveying information (or ideas)
from one source (sender) to another (receiver)
through a media using various modes. (The
modes may be oral, written, picture, symbols,
or any combination of these.)

Computing

¢0)

The process of selecting and applying
mathematical symbols, operations, and
processes to describe, estimate, calculate,
quantity, relate, and/or evaluate in the real or
abstract numerical sense.

Creating

CR

The process of combining the basic components
or ideas of phenomena, objects, events,
systems, or points of view in a unique manner
which will better satisfy a need, either for the
individual or for the outside world.

Defining problem(s)

DF

The process of stating or defining a problem
which will enhance investigation leading to an
optimal solution. It is transforming one state of
affairs to another desired state.

Designing

DE

The process of conceiving, creating inventing,
contriving, sketching, or planning by which
some practical ends may be effected, or
proposing a goal to meet the societal needs,
desires, problems, or opportunities to do things
better. Design is a cyclic or iterative process of
continuous refinement or improvement.
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Experimenting

EX

The process of determining the effects of
something previously untried in order to test
the validity of an hypothesis, to demonstrate a
known (or unknown) truth or to try out various
factors relating to a particular phenomenon
problem, opportunity element, object, event,
system, or point of view.

Interpreting data

The process of clarifying, evaluating, explaining,
and translating to provide (or communicate)
the meaning of particular data.

Managing

MA

The process of planning, organizing, directing,
coordinating, and controlling the inputs and
outputs of the system.

Measuring

ME

The process of describing characteristics (by the
use of numbers) of a phenomenon problem,
opportunity, element, object, event, system, or
point of view in terms which are transferable.
Measurements are made by direct or indirect
means, are on relative or absolute scales, and
are continuous or discontinuous.

Modeling

MO

The process of producing or reducing an act, or
condition to a generalized construct which may
be presented graphically in the form of a
sketch, diagram, or equation; presented
physically in the form of a scale model or
prototype; or described in the form of a written
generalization.

Models/prototypes

MP

The process of forming, making, building,
fabricating, creating, or combining parts to
produce a scale model or prototype.

Observing

OB

The process of interacting with the
environment through one or more of the senses
(seeing, hearing, touching, smelling, tasting).
The senses are utilized to determine the
characteristics of a phenomenon, problem,
opportunity, element, object, event, system, or
point of view. The observer's experiences,
values, and associations may influence the
results.
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Predicting

PR

The process of prophesying or foretelling
something in advance, anticipating the future
on the basis of special knowledge.

Questions/hypotheses

QH

Questioning is the process of asking,
interrogating, challenging, or seeking answers
related to a phenomenon, problem,
opportunity element, object, event, system, or
point of view.

Testing

TE

The process of determining the workability of a
model, component, system, product, or point of
view in a real or simulated environment to
obtain information for clarifying or modifying
design specifications.

Visualizing

\

The process of perceiving a phenomenon,
problem, opportunity, element, object, event,
or system in the form of a mental image based
on the experience of the perceiver. It includes
an exercise of all the senses in establishing a
valid mental analogy for the phenomena
involved in a problem or opportunity.
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Appendix E. Research Poster
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Appendix F. Teacher Follow-up Questions

Good Morning,

| have completed the final report for the PLTW/ EPICS High study and would like to share the
results with you, but before | do | have a few follow-up questions that | believe would only take
about five minutes to complete. Feel free to answer them within this e-mail.

How do you think your students did on the transfer problem? The results revealed that

there were two general patterns of design thinking, students in general were either Problem
Focused or Solution Focused. Problem Focused is when students focus a majority of their time
defining the problem and identifying constraints and criteria. Solution Focused is when students
focus on brainstorming ideas and sketching. Based upon the assumption that all of your
students performed similarly:

1.

Do you think that your students who participated in the transfer problem were Problem
Focused or Solution Focused?

Based upon your response to question #1, do you believe that students solved the

transfer problem in a similar way to which they might solve a problem in your
class/curriculum?

Do you believe that in general, students use the design process as a universal problem
solving process?

Do you believe that your students will employ mathematical thinking (when appropriate)
as they work to solve the transfer problem?

Do you believe, based upon your students experiences in your class (PLTW or EPICS) that
the students are prepared to engage in solving open-ended problems using STEM
(Science, Technology, Engineering, Mathematics) thinking?
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Appendix G. Teacher Follow-up Responses.
PLTW # 1 Teacher Follow-up Response.

1. Do you think that your students who participated in the transfer problem were Problem Focused or
Solution Focused?
I think that my students were solution focused. They generally tried to create a solution, then go

back to see if it fits within the constraints.

2. Based upon your response to question #1, do you believe that students might solve the transfer
problem in a similar way to which they might solve a problem in your class/curriculum?
Yes, | believe that the students would approach problems in my classroom the same way they

approached the transfer problem. Their approach to a problem, in my observation, tends to be
habitual, and tied into their personality as much as anything.

3. Do you believe that in general, students use the design process as a universal problem solving
process?

| do not believe that students generally approach problem solving using the problem solving
process taught in PLTW. Some students formulate solutions and use guess and check to see if
they fit the constraints. Some start with a concept of a solution, and fill in details that make it fit
the constraints. They are prone; in particular, to immediately start judging solutions during the
brainstorming phase.

4. Do you believe that your students will employ mathematical thinking (when appropriate) as they
work to solve the transfer problem?

Again, | believe this varies with each student. | think this may dependent on learning style.

Students who are visual learners may try focusing more on prototyping and sketching to figure

solutions. Students who are more abstract in their thinking may use a more mathematical

approach

5. Do you believe, based upon your students experiences in your class (PLTW or EPICS) that the
students are prepared to engage in solving open-ended problems using STEM (Science, Technology,
Engineering, Mathematics) thinking?

Of the students in my PLTW class, | believe most of them are prepared to approach open-ended

problems in the STEM arena. My experience with PLTW is that students get out of it what they put

into it. Students who do not put forth much effort in the class will probably not be as prepared to
engage in these problems as students who were more attentive and conscientious throughout the
course.

PLTW #2 Teacher Response:

1. Do you think that your students who participated in the transfer problem were Problem Focused or
Solution Focused?

I would assume that my students were solution focused. It seems that with a lot of the
PLTW projects more emphasis is put on the final product or solution to the problem. Many of
my students rush to sketch ideas out on paper to solve the problem.

2. Based upon your response to question #1, do you believe that students might solve the transfer
problem in a similar way to which they might solve a problem in your class/curriculum? Yes, as I stated
in my previous answer about the PLTW curriculum seems to put more emphasis on the final
product and not on the problem.
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3. Do you believe that in general, students use the design process as a universal problem solving
process?

No, I believe most students use the scientific process to solving problems. Both processes
have similar steps within each of them to help solve the problems.

4. Do you believe that your students will employ mathematical thinking (when appropriate) as they work
to solve the transfer problem?

Yes, my students were taught at a young age and continue to learn that they need to follow
a series of steps to solve math problems. By learning to solve problems this way, it probably
carries over to solving the transfer problem as well.

5. Do you believe, based upon your students experiences in your class (PLTW or EPICS) that the students
are prepared to engage in solving open-ended problems using STEM (Science, Technology, Engineering,
Mathematics) thinking?

I would say yes, that most of my students are prepared to engage in solving open-ended
problems using STEM, but in reality I know some of my students would still need extra help
(ex. many questions to ask for clarification about the problem) in solving the problem.

EPICS #1 Teacher Response:

1. Do you think that your students who participated in the transfer problem were Problem Focused or
Solution Focused?

I would assume that the students were more problem focused

2. Based upon your response to question #1, do you believe that students might solve the transfer
problem in a similar way to which they might solve a problem in your class/curriculum?

Yes, the students in class are often caught up in the problem and struggle to see solutions.

3. Do you believe that in general, students use the design process as a universal problem solving
process?
No, most students in my class just try and try again, without focusing on a solution.

4. Do you believe that your students will employ mathematical thinking (when appropriate) as they work
to solve the transfer problem?
No, the students are too methodical in how they approach problem solving.

5. Do you believe, based upon your students experiences in your class (PLTW or EPICS) that the students
are prepared to engage in solving open-ended problems using STEM (Science, Technology, Engineering,
Mathematics) thinking?

Yes, many can use these skills effectively if they take the time to evaluate.

EPICS #2 Teacher Response:

1. Do you think that your students who participated in the transfer problem were Problem Focused or
Solution Focused? The students would be solution focused I think.

2. Based upon your response to question #1, do you believe that students might solve the transfer
problem in a similar way to which they might solve a problem in your class/curriculum?
Yes, I would hope that the students would transfer their learning from my class.
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3. Do you believe that in general, students use the design process as a universal problem solving
process? Yes, in our area (technology education) but school wide no.

4. Do you believe that your students will employ mathematical thinking (when appropriate) as they work
to solve the transfer problem?
Yes, | have given similar design problems that required students to use math to
solve the problem. However, if students can see that they don’t need the math to
begin designing then I think they won’t use math....if they can find a way to solve
the problem without math...they will.

5. Do you believe, based upon your students experiences in your class (PLTW or EPICS) that the students
are prepared to engage in solving open-ended problems using STEM (Science, Technology, Engineering,
Mathematics) thinking?

Yes, | believe that they have the ability to use STEM thinking.
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