
Creating a classroom culture for engineering

Any teacher has a right to feel 
a bit overwhelmed when 
asked to include a new suite 

of learning goals and activities into 
an already crowded teaching sched-
ule. Add to this a dash of fear when 
the new subject involves topics you 
never studied in school or college, 
and a new grab bag of activities and 
pedagogical techniques.

The Next Generation Science 
Standards (NGSS) (Achieve Inc. 
2013) asks teachers to give engi-
neering design equal standing with 
scientific inquiry in their science les-
sons. Students finishing elementary 
school “should have had numerous 
experiences in engineering design.” 
What do engineering design prac-
tices look like, and how do you assess 
them? How similar and different is 
engineering design from scientific 
inquiry? What sorts of misconcep-
tions are beginning designers prone 
to, and what can you as their teacher 
do to help them?

A Framework for K–12 Science 
Education presents practices that are 
shared by both science and engineer-
ing (Figure 1). The NGSS describes 
performance expectations for engi-
neering design for two elementary 
grade bands: K–2 and 3–5 (Figure 2).

Looking over a table of sample de-
sign activities from well-known cur-
riculum sources might help “make 
the strange familiar” and show you 
that you probably have done engi-

neering tasks with your students al-
ready (Table 1, p. 82).

Before presenting a watch list of 
misconceptions that beginners can 
fall prey to when designing—useful 
for you as teacher to know so that you 
can intervene when you notice stu-
dents doing them—you, too, might 
be subject to a few misconceptions of 
your own regarding engineering de-
sign activities.

A. Design tasks rarely have single 
“right” answers. There are no 
right designs for shopping bags, 
boats, or cars because they are 
designed for different users 
and different purposes. A bag 
for holding recently purchased 
books must support more 
weight and be studier than a 
bag for carrying birthday cards 
or candles.

Minding Design Missteps
A watch list of misconceptions for beginning designers.
By David Crismond, Laura Gellert, Ryan Cain, and Shequana Wright

With the goal to cast the largest shadow, students designed a model tree 
using a wooden dowel, foam block, wire, and sticky notes. They observed 
real trees as part of their research and then improved their designs.
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Creating a classroom culture for engineering

B. Design tasks are very different from 
step-by-step construction ac-
tivities. There are kits that your 
school can purchase that purport 
to be design activities but which 
are really step-by-step build-it 
projects. Good design challeng-
es to varying degrees are more 
open-ended. They let students 
know how their final product 
should perform within given 
limitations. They do not show, 
however, what approach should 

be taken, how a model or proto-
type should be made, or what it 
should look like. Such things are 
for the designers to decide.

Habits of Beginning 
Designers
Each of the following six habits of 
beginning designers starts with a ref-
erence to the Next Generation Science 
Standards it addresses, gives a de-
scription of the habit or misconcep-
tion, and ends with some suggested 
teaching strategies that can remedy 
the misconception.

HABIT #1: Beginning 
designers get tempted 
to “build first” before 
comprehending the 
challenge.

• NGSS science/engineering 
practice: Asking questions and 
defining problems

• NGSS disciplinary core idea: 
Defining and delimiting a 
problem (ETS1.A)

Distribute materials for a design 
challenge to young children, along 

Figure 1.

The Framework lists 
practices shared 
between inquiry and 
design (NRC 2012).
1. Asking questions (for 

science) and defining 
problems (for engineering)

2. Developing and using 
models

3. Planning and carrying out 
investigations

4. Analyzing and interpreting 
data

5. Using mathematics and 
computational thinking

6. Constructing explanations 
(for science) and 
designing solutions (for 
engineering)

7. Engaging in argument 
from evidence

8. Obtaining, evaluating, 
and communicating 
information

Figure 2.
The Next Generation Science Standards lists three comparable design 
performances for K–2 and 3–5 students.

Grades K–2 Grades 3–5

K–2-ETS1-1. Ask questions, 
make observations, and gather 
information about a situation 
people want to change to define a 
simple problem that can be solved 
through the development of a new 
or improved object or tool.

3–5-ETS1-1. Define a simple 
design problem reflecting a need 
or a want that includes specified 
criteria for success and constraints 
on materials, time, or cost.

K–2-ETS1-2. Develop a simple 
sketch, drawing, or physical model 
to illustrate how the shape of an 
object helps it function as needed to 
solve a given problem.

3–5-ETS1-2. Generate and 
compare multiple possible solutions 
to a problem based on how well 
each is likely to meet the criteria and 
constraints of the problem.

K–2-ETS1-3. Analyze data from 
tests of two objects designed to 
solve the same problem to compare 
the strengths and weaknesses of 
how each performs.

3–5-ETS1-3. Plan and carry out 
fair tests in which variables are 
controlled and failure points are 
considered to identify aspects of 
a model or prototype that can be 
improved.
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with a description of the design chal-
lenge, called a design brief, and you 
can bet that some students will start 
making things without a good idea 
of what the device should do or how 
the materials behave. Students need 
some grasp of the challenge in front 
of them before they start. This in-
volves the act of reading comprehen-
sion, where you make sure that your 
students know what the product 
must do before they go to work.

Students need to understand, for 
example, that a model parachute they 
are designing should take as long a 

time as possible to fall a given distance. 
How this is achieved is up to them If 
an indoor catapult that they are design-
ing will be judged by its accuracy, they 
should know how this can be measured 
by noting how close to a bulls-eye the 
projectile hits the target. A useful lit-
eracy task would ask students to write 
a “problem statement” in their own 
words that tells how their product 
must perform (criteria) and what limits 
there are in making that product (con-
straints).

Note that problem understanding 
is different from problem framing. 

The former involves comprehen-
sion while the latter requires a deeper 
grasp of the problem, such that the 
designers can describe the approach 
they want to take. Will the robot by 
design take the offensive or use de-
fensive play tactics? Will the para-
chute descend straight down or glide 
at an angle? Will the rubber-band car 
by design gain its speed more quickly 
and over a shorter distance or accel-
erate more gradually over a longer 
distance? These are choices designers 
make well after they have achieved a 
basic understanding of the task.

Table 1.

Familiar engineering design activities.

Design Task Curricula and Web Links

A. Create a model parachute that falls 
slowly

FOSS – Air & Weather (www.delta-education.com/productdetail.aspx?Colle
ction=Y&prodID=1092); 
Engineering Is Elementary – A Long Way Down: Designing Parachutes 
(www.eie.org/content/long-way-down-designing-parachutes); 

Project-Based Inquiry Science – Diving Into Science (http://its-about-time.
com/pbis/units/div.html)

B. Design a model car that travels far Project-Based Inquiry Science – Vehicles in Motion (http://its-about-time.
com/pbis/units/vim.html);

City Technology – Fantastic Elastic and EnerJeep (http://citytechnology.
org/educators-1)

C. Create a model boat that holds the 
greatest load

National Science Resources Center– Floating and Sinking: Teacher’s Guide 
(2002) ISBN: 0892789409.

D. Design a shopping bag that holds a 
given load 

Stuff That Works! – Packaging (citytechnology.org/stuff-that-works/publica 
tion_packaging.html)

Nuffield Primary Solutions in Design & Technology How could a car-
rier make the job easier? (www.nationalstemcentre.org.uk/elibrary/
resource/818/how-could-a-carrier-make-the-job-easier)

E. Design a model tree that makes the most 
food from the sun

Educational Development Center – Exploring Trees and Ponds (treesand 
ponds.edc.org)
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HABIT #2: Beginning 
designers may skip doing 
the research that can help 
them with their design 
thinking.

• NGSS science and engineering 
practice: Obtaining, evaluating, 
and communicating information

• NGSS disciplinary core ideas: 
Developing possible solutions 
(ETS1.B)

Beginning designers mistakenly think 
that designing is the same thing as in-
venting, that everything they design 
must be from scratch. Experienced or 
informed designers conduct research 
to find out how other designers have 
addressed similar challenges in the 
past—professional designers call this 
looking at “prior art.”

The Stuff That Works shopping 
bag challenge (Benenson and Neu-
jahr 2004) has students do a fun re-
search activity by conducting a scav-
enger hunt before they design their 
own shopping bags. Students bring 
to class their favorite bags of various 
designs, organize them into piles, 
and then ask other students to guess 
the categories they created. The free 
Nuffield Primary Solutions in Design 
& Technology curriculum (see Re-
sources) has students do quick inves-
tigations of the different ways people 
carry shopping bags (called carriers 
in the U.K.). They bring in to class a 
collection of bags that they take apart 
to learn how handles are attached 
and bags are reinforced to make them 
stronger.

Research in the classroom can be 
as simple as doing a search on the in-
ternet or having a student from each 
team take a quick tour of the class-

room to see what other teams are de-
veloping. It can also take the form of 
quick-and-dirty field investigations. 
Teacher and coauthor Shequana 
Wright took her kindergarten stu-
dents on a walking field trip to take 
photos of the branches and leaves 
of trees. The patterns that students 
noticed in nature informed their de-
signing of a model tree that would 
cast the largest shadow. This activity, 
adapted from the Educational De-
velopment Center “Exploring Trees 
and Ponds” program (see Internet 
Resources), addresses the following 
NGSS performance expectations for 
Kindergarten students:

• K-LS1-1. Use observations to 
describe patterns of what plants 
… need to survive.

• K-ESS3-1. Use a model to 
represent the relationship 
between the needs of plants … 
and the places they live.

• K-PS3-2. Use tools and materials 
to design and build a structure 

that will reduce the warming 
effect of sunlight on an area.

HABIT #3: Beginning 
designers can get stuck 
on the first design idea 
they generate rather than 
brainstorming lots of ideas 
to think “outside the box.”

• NGSS science and engineering 
practice: Designing solutions

Products that solve problems are the 
sought-after fruit of engineers and 
designers, just as explanations of 
natural phenomena are the pursuit of 
scientists. Successful product design 
requires generating and investigating 
lots of potential ideas—the more the 
better. Students, however, often stick 
to the first ideas they propose. You 
can tell this when their final projects 
are near carbon copies of their earli-
est design sketches. This nagging 
problem, which afflicts even expert 
engineers, is called “idea fixation.”

Six Habits of Beginning Designers.
Habit #1: They build first before comprehending the design challenge.

Habit #2: They skip doing research that can help their design plans.

Habit #3: They get stuck (fixated) on their first design ideas rather than 
using brainstorming to think “outside the box.”

Habit #4: They make design decisions without weighing both the 
benefits and trade-offs of all ideas being considered.

Habit #5: They are “unfocused” when observing prototype tests and 
need support in troubleshooting their designs effectively.

Habit #6: They perform design practices once, step-by-step, and always 
in the same order for all challenges.
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Brainstorming is a trademark 
practice of engineers and involves 
them in proposing as many different 
ideas as possible (quantity over qual-
ity) while not criticizing ideas as they 
get put forward. Not judging ideas 
made when brainstorming is critical 
for many younger students—they 
need to feel that it is safe to explore 
being creative and proposing the un-
expected.

The grades 3–5 performance ex-
pectations for Engineering design ask 
students to “…generate and compare 
multiple solutions to a problem…” 
(3–5-ETS1-2, Achieve Inc. 2013). 
Brainstorming can help designers, 
young and old, get out of the rut of 
seeing a problem and its potential so-
lutions in the same old way. By help-
ing students generate lots of ideas, 
they may find it harder (although 
not impossible) to get fixated on any 
single plan.

HABIT #4: Beginning 
designers make design 
decisions without 
weighing both the 
benefits and trade-offs of 
ideas being considered.
• NGSS science and engineering 

practice: Engaging in argument 
from evidence; Analyzing and 
interpreting data

Beginning designers often make de-
sign choices without weighing the 
good and bad of each alternative on 
the table. They tend to focus on the 
positives in the plans they like and 
the drawbacks of plans they do not 
favor. As a teacher, you can get older 
students into the habit of articulat-
ing both the good and bad sides of 
each idea under consideration using 

evidence they collect from prototype 
tests that they run.

The last Engineering Design per-
formance expectation (see Figure 2) 
asks K–2 students to compare the 
strengths and weaknesses of two de-
vices made to solve the same prob-
lem. You can help students meet 
this expectation by having them do 
Consumer Reports–style product 
comparisons using familiar items or 
products. One such classic investi-
gation involves comparing different 
brands of paper towels to determine 
their overall quality. 

Grade 3–5 students, on the other 
hand, can be asked to go further and 
plan fair-test experiments that com-
pare different brands of the same 
product, or different prototypes that 
have been made to solve the same 
challenge. In both cases, students 
need to answer the question: What 
do you measure, and how, in detem-
ining the overall quality of the prod-
ucts? Students should also discuss 
the conditions they need to control 
as they test various product brands 
or compare prototypes that differ-
ent team members have proposed or 
developed over multiple design itera-
tions.

HABIT #5: Beginning 
designers can be 
unfocused when 
observing tests of their 
prototypes and need help 
in troubleshooting their 
designs effectively.
• NGSS science and engineering 

practice: Analyzing and 
interpreting data

Students testing their prototypes 
can often miss noticing flaws in their 

performance that you will immedi-
ately see. Whether they are observing 
model parachutes fall (see the Design 
in the Classroom website in Internet 
Resources) or model windmills spin 
when a fan is placed in front of them, 
students can either notice or miss 
key events during prototype tests. 
They will think they have observed 
a wonderful test of their prototype, 
whereas actually they did not.

Help students do effective trou-
bleshooting by having them use a 
three-step question sequence:

(1)  What problem or issue have you 
noticed? (observe/diagnosis)

(2)  Why did it happen? (explanation)

(3)  How would you fix the problem? 
(remedy)

Students may need instruction in 
doing design-based troubleshooting, 
especially when they need to zoom in 
their attention to identify problems 
(Crismond 2013; Crismond and Ad-
ams 2012). Getting students to make 
and replay videos of prototype tests 
can help them “see more” from such 
testing and improve their trouble-
shooting thinking.

HABIT #6: Beginning 
designers think design 
practices should be 
performed only once, 
step-by-step, and always 
in the same order.
• NGSS science and engineering 

practice: Constructing 
explanations and designing 
solutions

Beginning designers are inclined to 
do design on “impulse,” where they 
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jump from one task and strategy to 
another with little awareness of what 
they are doing or why. NGSS ad-
dresses this tendency by presenting 
the same 3-step design model across 
all grades: 

• Defining the problem

• Developing possible solutions

• Improving designs

When beginners encounter these 
models, however, they sometimes 
think that the design practices men-
tioned should be done once, in an 
unchanging order, step-by-step. 
These learners miss two essential 
points: Designers do these steps in 
any order, as needed, and they learn 
the most by building and testing pro-
totypes to discover flaws and then it-
eratively improve them. 

Designers, even the most expert, 
rarely design effective solutions 
on the first try. They learn mainly 
through doing revisions to original 
plans and going through the process 
a number of times in order to im-
prove the product. Have students 
keep their old prototypes so that 
they can compare them with newer 
ones and can tell others what they 
changed and why. For time-strapped 
teachers, perhaps the greatest learn-
ing opportunity that most often gets 
lost happens when students are given 
only enough time to make their first 
prototypes. Most learning with de-
sign-based science challenges comes 
when students iterate and complete 
the design cycle a number of times.

Conclusion
At times, you may feel overwhelmed 
when using design tasks with chil-

dren and also teaching them about 
design practices. When this happens, 
consider that in your day-to-day 
work as a teacher, you yourself are 
acting as a designer when you:

• Define the goals of a lesson and 
the needs of your users (students);

• Adapt and redesign lessons 
from existing curriculum;

• Create your own discussion 
questions;

• Devise formative assessment 
items, quizzes and tests; and,

• Troubleshoot lessons that seem 
not to be working.

Whether you are encouraging 
your students to use design practic-
es, or trying to connect to your own 
work as teacher-as-designer, having 
a watch list of beginning designer 
habits can help you in speeding up 
students’ growth in design capabil-
ity. While design tasks can be used 
as engaging filler activities, when 
done well, they can show students 
how science ideas can be helpful in 
addressing problems that they face 
in their daily lives. n
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