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School Science vs. School Engineering 

School engineering is fundamentally different 

from school science 
– In school science, students study objects and 

phenomena that already exist 

– In school engineering, students bring into 
existence objects that did not previously exist 

– School engineering offers opportunities for 
synthesizing and applying what has been learned 
in inquiry based science and for authentic, cross-
curricular collaboration among students 









The Engineering Design Process in Action: 
IDEO Redesigns the Shopping Cart 

Take notes about the following focus questions: 

• Who are the designers – what are their backgrounds? 

• What are the steps of their design process – what did 
they do? 

• How did the designers work together – what are their 
group norms? 

• Who did the designers talk to during the design 
process and what did they learn from them? 

• How did YOU feel as you watched them do their work? 



• Assume that a steel pipe is imbedded in the 
concrete floor of a bare room as shown above. 
The inside diameter of the pipe is 0.1mm larger 
than the diameter of the red ping pong ball that 
is resting at the bottom of the pipe. Your team 
has been given the following resources: 

  
• 4 feet of clothesline, one wooden ruler, a hand-

held strainer, one box of Cheerios, a sponge, 
one roll of toilet paper, two flow-through tea 
bags, one light bulb, one soda straw, a CD, and 
an orange 

  
• List all the ways you can think of to remove the 

ball without damaging the ball, the pipe, or the 
floor. Write one solution on each post-it and 
stick the post-its to your chart paper. 

 

Design Challenge: Prototype to Think 



What solutions did you find? 

• Choose one idea to create a 
“build to think” prototype  

• What prior knowledge did 
you bring to your solution? 

• In what context did you 
learn the prior knowledge 
you applied to solve this 
challenge? 

 

Build to Synthesize Learning 



Literal Solution 
• Wet the sponge with 

water from the 
bathroom, squeeze water 
into the pipe until the ball 
floats high enough to pick 
it up with fingers 

 

Prior knowledge – physical 
science 

• Water will flow into the 
small space around the 
ping pong ball – liquids 
take the shape of their 
container (Solids and 
Liquids unit) 

• The ping pong ball will 
float on water – buoyant 
force (Floating and 
Sinking unit) 
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Lateral Solution 

• Chew a tootsie roll until 
it gets soft, stick it to 
one end of the ruler, 
insert it into the pipe, 
stick it to the ping pong 
ball and lift the ball out 

 

Prior knowledge – life 
science 

• Like the way a  butterfly 
unfurls its proboscis to 
eat (Life Cycle of 
Butterflies unit) 

• Like the way a bee 
collects pollen on its 
legs (Plant Growth and 
Development unit) 

 



The Keys to Innovative Engineering Thinking 

• In order to think creatively and 
innovatively, students need exposure to a 
wide variety of experiences so they can 
apply what they’ve learned to 
engineering challenges in different ways 
(literal and lateral design thinking). 

• Inquiry-based science units are built 
around objects and phenomena that have 
engaged humankind for centuries. 

• Engineers draw on their academic and 
experiential knowledge to solve problems 



Why does this engineering challenge matter? 
– A similar challenge occurred in August of 2011 when 

33 miners were buried alive in Chile 
– Clinton Cragg, a former Navy submarine captain and a 

NASA engineer, drew on his experience living in small 
confined spaces and designing unique, one-of-a-kind 
vehicles to design the rescue capsule that brought the 
miners to the surface 

– Because the challenge involved human life, experts in 
medicine, psychology, and engineering worked 
together to determine the constraints of the problem 
and how to accommodate the miners’ physical and 
psychological needs as they ascended. 

Connections to Real World 



Cross-Curricular, Common Core and 
21st Century Skills Connections 

• Spatial reasoning and 
measuring in 
mathematics 

• Visual, narrative, and 
verbal representations in 
language arts; speaking 
and writing 

• Knowledge of geography, 
topography and cultural 
norms in social studies 

 

21st Century Skills 

• Innovation 

• Self Direction and Self 
Regulation 

• Collaboration 

• Information Literacy 

• Technology Literacy 

• Critical Thinking and 
Reasoning 

 

 



Engineering Design Challenges Provide  
a Context for Social and Emotional Learning 

These social and emotional skills are valued in the 
engineering design process professionals use at IDEO: 
– Empathize with the user 
– Take another’s perspective 
– Defer judgment 
– Give feedback tactfully 
– Work collaboratively in support of another’s idea 

Dr. McMahon’s research shows that elementary teachers 
perceive these 21st Century social and emotional skills 
are crucial to helping students learn the cognitive steps 
of the engineering design process. 
 



Dr. McMahon’s Research Findings 

• Elementary teachers embed the steps of the 
engineering process (the cognitive aspect of 
engineering) into classroom collaboration (the 
social and emotional aspects of engineering) 

• Engineers embed collaboration into the steps 
of the engineering process, which reflects 
their prior commitment to the cognitive 
aspects of engineering 

 

 



Dr. McMahon’s Research Implications 

• It is essential that the social and emotional 
processes of collaboration be taught explicitly 
and in the context of the cognitive steps of the 
engineering process 

• Teachers consider these 21st Century 
collaborative skills valuable across the curriculum 

• Professional engineers regard these 21st Century 
skills as essential to engineering practice 
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Visit the Carolina Booth for 

More 

• Explore our materials 

• Meet your local 
representative 

• Ask questions and 
request more 
information 



Thank You! 

Ann P. McMahon, Ph.D. 

annpmcmahon@gmail.com 

Phone: 314-956-9331 
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