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R
ecently there has been a push for the 

integration of engineering content and 

practices into K–12 science education at 

the state and national levels (NRC 2012; NGSS 

Lead States 2013). One way engineering educa-

tion has been included in the elementary science 

curriculum is through the use of engineering 

design tasks as a means to teach science content. 

Although engineering design tasks may bene-

fit students’ science learning and increase their 

interest in both science and engineering, few 

teachers have received training on how to create 

their own standards-based engineering design 

tasks. In this chapter, we provide an overview of 

engineering and the engineering design process, 

then we describe the steps we took to develop 

a fifth grade–level, standards-based engineering 

design task titled “Getting the Dirt on Decom-

position,” which will be referred to as “Compost 

Bin” in this chapter. 

Our main goal is to focus more on modeling 

the discrete steps we took to create and write an 

original design brief rather than profiling a spe-

cific design task. These steps are generalizable and 

may serve as common procedural steps you can 

take to successfully create your classroom-based 

engineering design task that may complement 

your curriculum and enhance student learning of 

science through design. To contextualize our writ-

ing steps, we use the Compost Bin as our signa-

ture, original task and provide helpful guidelines 

for implementing this task. 

What Are Engineering and the 
Engineering Design Process?

A Framework for K–12 Science Education (NRC 

2012) defines engineering as “any engagement in a 

systematic practice of design to achieve solutions 

to particular human problems” (p. 11). Engineers 

use their understanding of mathematics and sci-

ence concepts to find solutions to ill-structured 

problems. These problems are “messy” because 

there is not one correct solution or a single path 

to arrive at a solution. Rather, engineers make 

a series of trade-offs as they use their knowl-

edge of science and mathematical concepts to 

arrive at a solution. Engineers devise a solution, 

either an artifact or a process, to the problem by 

going through an engineering design process. 

How to Develop an 
Engineering Design Task
Create Your Own Design Activity in Seven Steps

By Chelsey Dankenbring, Brenda M. Capobianco, and David Eichinger

1

© H
aw

ke
r B

ro
wnl

ow
 E

du
ca

tio
n



4 NST0461 • 9781760010461 • © 2016 Hawker Brownlow Education

1
Engineering design is an iterative process in 

which engineers identify a problem, brainstorm 

ideas, create a design, construct and test a pro-

totype, and redesign their prototype as needed 

(Capobianco, Nyquist, and Tyrie 2013). 

 In an elementary science classroom, students 

can be introduced to an engineering design task 

through a design brief which describes a client with 

a real-world problem that needs solving. Students 

individually develop a plan to solve the problem 

and document their plan in a design notebook. 

Next, students are placed into teams of three to 

four students and share their individual plan with 

the other members of their team, discussing the 

strengths and weaknesses of each idea. The design 

team develops a group design and constructs a 

prototype using materials readily available in a 

classroom or home. Each team tests its design and 

records the data in its design notebook. The results 

are evaluated based on the criteria and constraints 

presented in the design brief. Students present their 

design to the class and explain how the science con-

cepts were used to inform their design. Based on 

the results of their testing, students redesign their 

prototype to better meet the client’s needs. This 

process can be modified to include more teacher 

guidance for early elementary students. 

Scientific Inquiry Versus 
Engineering Design 

An important feature of scientific inquiry-based 

and engineering design-based learning is that 

the activities are student-centered rather than 

teacher-centered. In addition, both inquiry and 

engineering design can be used to effectively 

teach science concepts and problem-solving 

practices. Yet key differences exist that make 

these two approaches very separate entities. 

One difference is the starting point. Inquiry 

activities begin with a question that needs to be 

answered, whereas design-based activities begin 

with a problem that needs to be solved. Another 

difference is the approach taken by the teacher for 

each type of activity. Approaches to inquiry activi-

ties can vary between directed, guided, and open-

ended. Each approach depends on the amount of 

detailed guidance that the teacher provides (NRC 

2000). Directed inquiry activities, for example, 

are often used to validate a scientific idea; there-

fore, there is a predetermined correct answer for 

an inquiry activity. Design-based activities, how-

ever, are open ended; there are numerous ways 

to solve the problem. Unlike inquiry where the 

final product is the answer to the question posed, 

design ends with a constructed artifact or process 

(Dankenbring, Rupp, and Capobianco 2013). 

Creating Your Own Engineering 
Design Task

The steps below outline the process we took to 

create a fifth-grade engineering design task. As 

we describe each step, we juxtapose the example 

of our design task, Compost Bin, to illustrate 

the process we used to develop our own design 

task. In this task, students are challenged to help 

the citizens of Haiti create an efficient compost 

Completed compost columns are shown.
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1
creating and implementing engineering design 

tasks in their classroom. Engineering design 

tasks provide students with real-world prob-

lems situated in authentic contexts. This helps 

pique students’ interest while making connec-

tions between science and their everyday lives. 

As students design, build, and test their pro-

totypes, they are able to challenge their con-

ceptions of scientific phenomena and witness 

firsthand any flaws in their understanding. 

Thus, being aware of engineering resources 

and knowing how to create your own engi-

neering design task are valuable tools for the 

elementary science teacher.

Connecting to the Next Generation Science Standards
The materials, lessons, and activities outlined in this chapter are just one step toward reaching the performance 

expectations listed below. Additional supporting materials, lessons, and activities will be required.

2-ESS2 Earth Systems

www.nextgenscience.org/2ess2-earth-systems

2-PS1 Matter and Its Interactions

www.nextgenscience.org/2ps1-matter-interactions

K-2-ETS1 Engineering Design

www.nextgenscience.org/k-2ets1-engineering-design Connections to Classroom Activity

Performance Expectations

2-ESS2-1: Compare multiple solutions designed to slow or 
prevent wind and water from changing the shape of the land

Built models to explain and compare solutions 
that will slow or prevent wind and rain from 
changing the soil

2-PS1-1: Plan and conduct an investigation to describe and 
classify different kinds of materials by their observable 
properties

Planned and conducted an investigation of the 
different kinds of earth material that make up 
the three different soils found near the school

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

Asked questions and made observations about 
the soil in the urban marsh to determine which 
design would best prevent the wind and rain 
from changing the soil

Science and Engineering Practices

Developing and Using Models Developed three soil profi le models and used 
the models to compare the soils

Constructing Explanations and Designing Solutions Used evidence to determine the identity of each 
“mystery soil”

Acknowledgment

This material is based on work supported by 

the National Science Foundation under Grant 

No. 0962840. Any opinions, findings, and con-

clusions or recommendations expressed in this 

material are those of the authors and do not nec-
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Gimme an E!

experience phenomena related to core build-

ing concepts. Figure 5.1 shows the relation-

ship between the foundational concepts (at 

the center of the wheel) and opportunities for 

children to experience phenomena related to 

the concepts (outside of the wheel). Note that 

the impact of forces is less observable to chil-

dren than the impact of materials and design 

on their structures.

FIGURE 5.1

Core Building Concepts and 
Structures Concepts

To ensure safety during the unit, teachers lim-

ited the number of children allowed in the block 

area, and they generated or reviewed existing 

rules with children, such as blocks are for build-

ing and builders can knock down only their own 

structures. CYS instructors asked teachers to 

reconsider safety rules that restricted the height 

of children’s structures and suggested new strat-

egies such as requiring builders to wear hard 

hats, allowing ample space for building and 

closely monitoring children’s tall buildings. 

Make Time for Teachers’ 
Own Science and Engineering 
Investigations

To effectively plan for, facilitate, and assess chil-

dren’s learning in a building unit, preschool 

teachers need opportunities to participate in 

and reflect on their own collaborative building 

explorations. These experiences support their 

understanding of the relevant physical science 

concepts and immerse them in the practices 

essential to science and engineering (Wenglinsky 

and Silverstein 2006–2007). During CYS sessions, 

instructors facilitated teachers’ inquiry-based 

explorations as teachers built tall towers, enclo-

sures, and ramps and investigated and repre-

sented neighborhood buildings. Teachers noticed 

that using dense versus less dense materials and 

different sizes, shapes, and textures made a dif-

ference in the strength and stability of their struc-

tures. They discovered that the foundation was a 

critical design feature and that the need for stabil-

ity imposed a constraint on how high they could 

build. Teachers also used science and engineer-

ing practices as they identified structural prob-

lems, drew and created models, measured their 

structures, debated about materials and design, 

identified patterns in what contributed to strong 

and stable structures, and generated ideas about 

successful building strategies. These experiences, 

along with discussions about how children learn 

in the content areas, familiarized teachers with 

how science and engineering practices might 

apply to children’s building explorations.

Buildings in the
neighborhood

Table top blocks

Playground
and other
structures

Photos and pictures
of architecture

Block
corner

Materials: The properties of
different building materials 
and objects affect how they can 
be used.

Design: Different designs make
buildings stronger or more stable.

Forces: Gravity, tension, and
compression impact structures.
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Think It, Design It, 
Build It, Test It, Refi ne It
A Unit on Water Quality Ends With a Water Filtration 
Engineering Design Activity

By Barbara Ehlers and Jeannie Coughlin

I
t was wild, crazy, and noisy, but it was a 

good noise—the noise of learning. That 

was our reaction when we co-taught a unit 

titled “Preserving and Protecting Our Water 

Resources.” After learning about the amount of 

available freshwater and studying water qual-

ity problems and issues, our fourth graders 

were concerned about water pollution and curi-

ous about how to clean water. They dove into 

engineering by designing, building, and testing 

their own water filtration devices. Integrating 

engineering into the study of water quality was 

a natural finale for the unit. The students were 

able to apply what they had learned about water 

properties and water pollution into this engi-

neering challenge.

Background

Through myriad hands-on activities, students 

explored the properties of water such as den-

sity, surface tension, and solubility, and its 

three forms—solid, liquid, and gas. Learning 

about the amount of water on Earth and the 

small amount of freshwater available for our 

use was eye-opening for these fourth graders as 

evidenced by this student comment: “We might 

run out before I am 35 years old!” 

To help illustrate the amount of Earth covered 

with water, students took part in a simple, engag-

ing game in which they tossed an inflatable globe 

and recorded whether their left pinky was touch-

ing land or water when they caught the ball. 

Their findings mirrored the actual percentage 

of Earth’s surface covered by water: 70%. Proj-

ect Wet’s water cycle game “The Incredible Jour-

ney” (see Internet Resources, p.  167) enhanced 

their knowledge of evaporation, transpiration, 

precipitation, and condensation.  

Next, students researched present-day prob-

lems and issues with water quality and became 

very interested in learning how to preserve the 

precious water available. Students read Riparia’s 
River (Caduto and Pastuchiv 2011) and newspa-

per articles about local water quality problems 

and issues in Iowa. (Teachers may wish to have 

students research and locate articles from their 

own geographic area.) They were able to inte-

grate the information from the various texts to 

write and speak about the subject knowledgeably 

as indicated in the Common Core State Standards 

20
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