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IDEAS AND TECHNIQUES TO HELP YOUR SCIENCE TEACHING

Mapping Students’ Engineering Processes
with Design Zones

By Nicole Batrouny, Kristen Wendell, Chelsea Andrews, and Tejaswini Dalvi

he engineering design process
I (EDP) can be a wonderful tool
to nurture creative problem-
solving abilities, prepare students
to tackle problems with intentional
planning, and encourage learning
from failures. Many lesson plans and
instructional strategies are guided by
the EDP (Hill Cunningham, Mott,
and Hunt 2018). Visual representa-
tions of the EDP often show a set
of actions arrangedin a cycle. For

example, many of you are probably

familiar with the Engineering is Ele-
mentary graphical aid that shows five
labeled steps, “Ask, imagine, plan,
create, improve” (Museum of Sci-

Studies of professional engineer-
ing designers show that they move
fluidly between defining the problem
and refining a solution. Addition-
ally, every engineering team has their

ence, Boston 2020). Many resources own process that suits their particular
like this say that the EDP is flexible design task (e.g., Atman et al. 2007;

and repeatable. Still, it is tempting

Vinck et al. 2003). It is challenging to

to imagine the steps of the cycle asimagine what this non-stepwise, indi-

tasks for students to check off. How-
ever, real engineering design is much
messier!

FIGURE 1

The Design Zones model.
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vidualized design process might look

like in a classroom. In this article, we

present our way of thinking about the
engineering design process and illus-
trate it through an example of stu-
dent work. We developed our model,

called “Design Zones,” through our
experience working with teachers and
students and by studying research on
design.

EXPLAINING THE MODEL
The Design Zones model (Figure 1)
has four zones: Ideation, Creation,
Evaluation, and Decision. These zones
are like the major stages of other popu-
lar design process representations.
However, in our model, each zone
contains many related activities. In-
stead of trying to simplify the process
into concrete steps, we use this model
to make room for any number of ideat-
ing, creating, evaluating, or deciding
activities that students might need to
do.

Figure 1, our representation of the
Design Zones model, has three main
features: the four zones, an overlay of
example design activities, and a spiral-
ing path through the zones. The four
zonesare representedby a blended
color wheel. This blending captures
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CHARTING A COURSE
THROUGH THE ZONES

Selena, Nina, and Lola moved effort-
lessly between the design zones as they
worked from the initial idea of a “spinny
thing” to the final prototype shown in

how activities may not fit neatly into engineers. We used the Design Zones
one zone or another. An overlay of model to track their path as designers
example design activities comprises aduring this challenge and to unpack all
list that is in no way exhaustive! Thethe engineering activities they carried
different design activities may be built  out to turn their idea into a functioning
into the structure of the class or mayprototype.

come up as students work through a
design project. Last, there is the spiral-
ing path through the zones, narrowing
toward the center, where the final de-
sign lives. Generally, the beginning of
the design process is a time for having
big ideas, asking broad questions, cre-
ating low-fidelity prototypes, testing
sub-systems and failing, and deciding
on a general approach to the problem.
Closer to the end, ideation, creation,
evaluation, and decision are focused,
specific, and informed by previous
experience. Different student groups,
working in the same classroom with
the same instructions, may follow dif-
ferent courses through the zones on
their way to a final prototype. In the
Design Zones view, the “engineering
design process” is whatever path stu
dents take through the zones, as lon
as they are making progress exploring
a design problem and participating

in engineering practices. With these
three features, the model makes it easi-
er to capture the broad range of design

Students’ prototype.

FIGURE 2

activities and variations in sequences

that students need to solve different
design problems. TABLE 1

As an example, we used the Design
Zones model to look at the engineer-
ing design process of Selena, Nina, and
Lola as they designed, built, and iter-
ated on a prototype for a piece of a
cessible playground equipment (Fig-
ure 2). Over the course of 10 sessions
(Table 1), the team successfully ne-
gotiated design ideas, made iterations
on their prototype, incorporated ideas
about balanced forces into their de-
sign, and communicated their process
to classroom visitors. In both the class-
room and in interviews after the unit,
the students demonstrated their pride
in their prototype and showed identi-
fication with identities as scientists or

Class sessions.

Day Class session overview NGSS alignment
1 Unit launch: In what ways are current playgrounds inaccessible? 3'55';‘:511'1
2&3 |Force and Motion Inquiry: How can we start and stop motion? 3;‘;‘;2:;1
4&5 |Magnetism Inquiry: How do magnets influence motion? 3'P52§§‘:'P35P52'3
3.3-5-ETS1-2

6 Design Day: Sketch design plan, get and give peer feedback on plans.

SEP 6

7 Design Day: Plan materials, build and test prototypes.

3.3-5-ETS1-2, 3.3-5-ETS1-3
SEP 6

8 Design Day: Build, get and give peer feedback on prototypes.

3.3-5-ETS1-2
SEP 6

9 Design Day: Build, test, and document prototypes.

3.3-5-ETS1-2, 3.3-5-ETS51-3
SEP 6

10 Engineering Expo: Show designs to classroom visitors.

SEP 8
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Figure 2. To capture this movement, we into two episodes that highlight differ- na, Nina, and Lola on Day 6, shown
looked at video records of the classrooment features of the Design Zones model.in Figure 4. This series of activities is
and identified the design actions taken First, we will describe a moment where unique because it demonstrates a sort
by the group, shown as dots in Figure Selena, Nina, and Lola narrowed their of waterfall through the four zones
3. You can think of Figure 3 as the De- scopefrom a major question about (points 1-4), then bumps back up
sign Zones model unraveled, showingtheir design approachto a specific ~ to Creation (5) and Ideation (6). At
the students’ progress over time. Wequestion about fastening their design.point 1, in the Ideation zone, the stu-
can see that their work to solve the engi-This episode demonstratesthe ten- dents were talking about ideas, sharing
neering design problem did not follow dency for design work to converge otheir broad plans with a facilitator in
a smooth, step-by-step flow around aa final design. Next, we will describe a the classroom. The facilitator asked,
single design cycle. Instead of alwaysperiod where the girls engaged in rapid “What are you thinking of making?”
moving from one step to the next, the cycles of iteration. They bounced be- and Nina replied, “We're thinking of
group made progress on their designtween creating and evaluating, without a spinny thing that goes around, and,
solution with fluid shifts between De- visiting the ideation or decision zones. what | was thinking, was there was
sign Zones. They moved to each zone a8Ve hope these episodes can paint aa cup and then a stick goes in it, and
needed to generate and explore the spepicture of the type of work elementary then out of foam we make like a box
cific ideas they had for solving this par- students may engage in during the en- and then a cup goes on top of that so it
ticular problem. Through the process, gineering design process. stays. And then we cut out an opening
they figured out how to create a struc- and then foam goes up so they can go
ture that was stable under the weigh . up and then spin.”
of a model wheelchair, able to spin, D€S/91 Work At point 2, the group entered the
and would provide a fun experience for To show this episode of narrowing, Creation zone. They prototyped their
children both in and out of wheelchairs. let's zoom in on a small subset of the idea by arranging the materials and
In the next two sections, we dive design activities carried out by Sele- acting out how someone in a wheel-

FIGURE 3

The Design Model over time.
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chair would use the equipment. They
then moved to the materials table
and engaged in Evaluation. They as-
sessed materials (point 3), ruling out
foil because it can “break really eas-
ily.” They returned to their worksta-

tion and Nina asked, “So we think
we want to do my idea?,” moving the
team into the Decision zone. Lola
responded, “Yeah it's like way better
because [gesturing] the cup is right
here, the box, foam going up [gestur-
ing a ramp] then it just spins around!”
Lola and Nina together explained the
design to Selena, acting out and testing
the idea using the wheelchair (point
5). At point 6, Lola brought the team
back to Ideation, but at a different
scale, asking “How are we gonna keep
it together?” This is a different, more
specific sort of question than others
they had been asking so far. By ask
ing this, Lola moved the team back
to ldeation and narrowed the scope
of their design process, moving them
closer to their final design.

Movement through the zones.

1: talking about
ideas

2: prototyping,
acting out

4: selecting,
reasoning
6

Creation

Completing Small Cycles of
Iteration

students were given a majority of the

class time to build, test, and iterate
on their playground equipment pro-
totype. When we zoom in on these
days, as shown in Figure 5, we see
the students leveraging this time and
freedom to bounce back and forth be-
tween Creation and Evaluation.

Day 7 kicked off by selecting one of
two sketches they had created on Day
6 (point A). With the decision made,
the team entered a period of rapid it-
eration, revising their design plan as
quickly as they could build and test it.
The next two points, B and C, fall be-
tween Creation and Evaluation. Nina
began building, first trying to attach a
paper cup to the base as planned. She
soon realized her plan for attachment
would not work, revising it on the fly
(point B). Similarly, after nearly com-

Iteration cycles.

_ Ideation l

\ Creation |

Evaluation

Decision
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pleting the planned foam box, she
started over, realizing the box would

result?” Nina and Lola considered the

also followed an independent design

test a complete success because theprocess and engaged productively

be too big for the base (point C). Atequipment spun. Operating on this

these points, Nina simultaneously
built the prototype and revised her de-
sign plan. The Design Zones model
allowed us to capture this fusion of
activities, which we placed between
Creation and Evaluation.

As they continued in their cycles
of iteration, Selena, Nina, and Lola
found many ways to test their design.
They put the wheelchair into the box
to make sure it would fit, held the box
upside down to make sure the wheel-
chair would stay in, and acted out how
a person in a wheelchair would enter
and exit the equipment. In addition
to these very physical tests of their

assumption, they couldn’t answer the
last question, “Any ideas why?” It
was only when, after some prompt-
ing from a facilitator in the classroom,

Selena pointed out that the box was

tilting while it spun. The facilitator
helped them incorporate both of these
truths into their answer, typing “It
worked but it didn’t. It spins but it's
tilted.” With this view, they were able
to evaluate why the box tilted, typing
“It's because there’s no weight at the
back.” Now they had a new challenge
and had decided how to address it
(point E). The group was able to jump
into action, building counterweights

prototype, the students also engaged and testing them rapidly to strike the

in peer-feedback sessions(Day 8)
and had time to reflect with the whole
class by sharing something that chal-
lenged them and something they were
proud of at the end of each design
day. These different activities—some
instigated by the instructor and oth-
ers occurring naturally during small-
group work—all worked toward the
goal of Evaluation.

On Day 9, the students worked
through a particularly difficult chal-
lenge: balancing their equipment
while it spun. In the middle of the
class period on Day 9, the group felt
done; they had built and decorated
their equipment, and had tested to

right balance (point F).

The Design Zones model is not in-
tended to be an instructional design
model like 5E, nor is it intended to
act as a graphical aid for students.
Instead, you can think about the De-
sign Zones model as a tool for you, the
teacher, to think about all the ways in
which students’ actions and interac-
tions during an engineering design
challenge embody the science and
engineering practices. The Design
Zones model helps us see the sophis-

ticated ways in which students work

through design challenges. It can help

make sure it could spin. The teacher us recognize student engagement in
stopped the class and asked everyone a more complex engineering design

to document a test of their equipment.
Nina, Selena, and Lola moved into
a series of Evaluation activities (D).

process. Our case study provides a
glimpse into elementary students’
fluid, non-linear design processes.

They took a video of their prototype Selena, Nina, and Lola created a sta-

and began answering questions about

ble structure that was able to spin and

their video. They hit a wall after the provide a fun experience for children

second question, “What was the test

both in and out of wheelchairs. They

in engineering. The Design Zones
model provides a way of looking at
the complexity of this endeavor and
honoring Selena, Nina, and Lola’s
hard work.
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