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Institutional Framework 
 
The Northwest Invention Center is a small organization that fosters the process 
of creative learning and develops new creative learning activities in science and 
technology. NIC provides training for museum staff and science teachers in 
physical science, wind and solar energy, and in 21st century teaching skills in 
North America, the Caribbean, Europe, and Asia. It also provides creative 
curriculum for programs and camps.   
 
Didactic Practices 
  
Following our work with the US National Inventors Hall of Fame, we developed 
an approach to learning science called “Ingenuity.” We advocate its application in 
active learning exhibits, workshops, and classes. In all three, learners respond 
enthusiastically and learn quickly. Best of all they enjoy the learning process and 
continue learning after the visit or program concludes. 
 
Before describing the Ingenuity process consider an example suitable for a wide 
range of education levels: build a model car. With less than 2 minutes of 
introduction we challenge students in work in teams to create a model car that 
can roll down a ramp and travel as far as possible across the floor.  
 
In the 2 minute introduction we show them the materials and point out that wood 
dowels can be axles and can turn inside bearings (straws). We show them where 
hot glue guns are located and we point out the ramp we will use to test the cars.   
 
We also stress that they have to follow a different set of rules than they normally 
follow in a classroom. In particular they should: 
 

1. Work quickly 
2. Make mistakes as quickly as you can 
3. Swipe ideas 
4. Make one change at a time  (one variable) 
5. Dare to be creative 

 
We call these “inventor’s rules,” but in reality they are the rules anyone outside of 
school has to follow to be successful in the creative economy of the 21st century. 
 

http://www.invention-center.com/
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With this short introduction we challenge them to make the best car they can.  
 
The Challenge – Step 1 

 
The process starts with a challenge or question. Questions and challenges make 
us think. Giving statements or facts do not excite thinking. Since learning can’t 
occur without thinking, we launch the thinking by challenging them to build a car 
(or boat, rocket, etc.).  
 
Challenges get students doing. Immediately students move and think. A dozen 
questions fill their minds. Each question begs an answer that requires thinking. 
They are learning at the speed of invention.  
 
Five minutes from the start of the class or workshop every student is engaged. 
Compare that to what is happening in a traditional classroom at the five minute 
mark. More telling is that the activity, thinking and learning continue as strongly 
throughout the period. 
 
As they work students are drawing on what they already know. Right or wrong 
their current understanding is where they start. If their understanding is incorrect 
the only way we can change that is to create situations in which they will see that 
it is incorrect. Telling them it’s wrong doesn’t help. (How many times has one of 
your relatives told you that you are doing something wrong? Did you immediately 
adopt their method?) 
 
Having students build models without any design help from you allows you to see 
inside their brains. Their models reflect their understanding of the technology and 
science of how things work. Their first model is a pre-test of their existing 
understanding. 
 
For students to learn something new, they have to associate it with something 
they already know. Starting a lesson by having them build ensures that this 
happens. This is fundamental constructivism. 
 
Some students will ask for help. We rarely give it. If we direct the design or build, 
the car design is ours – not theirs - and we retain responsibility to make it work. 
In this case students sit and wait while we fix “their” car. They are un-engaged 
and bored, and are not learning. This is the typical scenario in building projects in 
schools – the teacher wants every child to have a perfect model to take home so 
he or she ends up doing the work and the children learn nothing except that if 
they ask for help rather than try to build it themselves, someone will come do it. 
 
We do break our “no help” rule if someone really needs assistance. We find, 
however, that many students will ask for help before trying to do a task 
themselves. So we give our assistance parsimoniously.  
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You might be saying to yourself: “My students won’t like this.” Trust us, they will. 
In presenting this approach in 31 countries and a variety of cultures, every group 
has enthusiastically jumped in.  
 
Challenges engage minds. In fact humans are happiest when working on 
challenges. Extensive research by Csikszentmihalyi has shown that under 
certain conditions, called Flow, people will engage in any challenge you give 
them. The Ingenuity Learning Model is based on creating Flow in the learning 
experience. 
 
If you want kids to learn, make learning a FLOW activity. How do you do that? 
 
Conditions of Flow: 
 
  1.  People are engaged in a challenging task – doable, but not easy 
 
  2.  They can focus on the task – distractions are minimized 
 
  3.  The task has clear and measurable goals 
 
  4.  They get immediate feedback on their progress – no waiting for  
   grades 
 
  5.  Task consumes one’s consciousness - nothing else matters 
 
  6.  Workers have sense of control – they own their project 
 

7. Time passes quickly 
 
Build – Step 2 
 
 “But, where’s the design?” you ask. It is a waste of time asking students to draw 
a two dimensional design when they have no experience. Without materials in 
hand, they don’t know where to start and they don’t know what questions to ask. 
Instead of expecting students to sketch a design, we let them look at the 
materials available and start putting them together. This is the Fast Prototype 
method.  
 
Kids (or adults, too) work best when they can start manipulating the materials 
instead of trying to sketch a design. They design it by building it.  
 
This process is much more efficient in the sense that it results in working (test-
able) models much quicker. Yes, students make mistakes and that’s what we 
want. We want them to make mistakes quickly so they have time to learn from 
them and re-build their model with their improved understanding. Having them 
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design the model before building results in no fewer mistakes, but takes much 
longer for the mistakes to be realized. 
 
The process of building will raise many questions that won’t arise as quickly in a 
design process. While building, questions arise about materials, size, adhesives, 
etc. that won’t arise in 2-D design. Each question raised generates thinking and 
thinking leads to understanding. 
 
This is how technology companies work. They build prototypes, not as the 
culmination of a design, but as a process to develop the design. Prototypes are 
not the result of innovation, but an engine of innovation. Just as a search engine 
helps you find websites, prototyping helps you discover designs. Here’s why 

  

 Prototypes create interactions between people and interactions lead to 
innovation. Without a prototype for everyone to focus on, interactions and 
idea generation are difficult to control. 

 Behavior – not knowledge - drives innovation and learning. Innovation is 
less the product of how innovators think than a by-product for how they 
behave. Yes, smart people know lots of stuff, but if they can’t use it to do 
things, it is useless. This is the problem of the test-orientated culture that 
pervades education today.  

 Models and simulations create conditions where people can be creative 
and where they can learn. Models allow people to try “silly” ideas and see 
why they work or don’t work.  

 Prototypes externalize thought and spark conversation among team 
members. 

 
The key with launching prototyping is not to give lots of design requirements. 
Give the principle ones and then start building a prototype. Emphasize that the 
prototype should be completed quickly (make it messy, not neat). The success of 
this method comes in the testing phase when mistakes manifest themselves. The 
quicker the mistakes are found, the more time there will be to improve the model. 
Nothing is harder to convey in educational environments than “fast and sloppy” 
beats “slow and neat.”  
 
The value of fast prototyping is less with the models themselves and more with 
the interactions they create and the understanding they enable. That is, 
prototyping is a method of learning. Learners test their understanding of how the 
world works and find out if it is correct or not. In making a prototype a team must 
make choices of what they think will work. Testing the prototype tells them they 
were right or wrong.  
 
Earlier we laid out inventor’s rules. Fast prototyping relies on following these 
rules. Work quickly? There isn’t enough time to work deliberately. Beside, that 
neat model you are building probably won’t work. Make it fast and test it to find 
out why it won’t work. While the deliberate team is making a perfect model (that 
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won’t work), the fast team has found their design flaws and made two or three 
improvements so their model works. 
 
We like mistakes. Correcting each mistake leads to new understanding. If the 
model works perfectly the first time, students haven’t learned anything. Don’t 
criticize mistakes (or let anyone else criticize them). Encourage mistakes. 
Thomas Edison said that every mistake is a stepping stone to success and 
understanding. Fred Brooks (father of Brooks’ Law) said: “You can learn more 
from failure than success. In failure you’re forced to find out what part did not 
work.” 
 
Swipe ideas. In the real world, everyone gets ideas from others. This is the 
hardest thing to get people to do – they will cling to their own design concept, 
even when it fails miserably, rather than look around and see how successful 
models work. Encourage idea swiping. The more ideas they swipe, the more 
successful they will be. 
 
Make one change at a time. We want to understand how each design element 
impacts the results. Making two changes at the same time stops one from 
knowing which change was effective. In science, change one variable at a time. 
 
Dare to be creative. Does a car have to have four wheels? Why? We won’t know 
which model works best if everyone builds the same model. Students want to be 
creative, different…here’s their opportunity. 

 
How to help students in the Build Phase 

 
Don’t.  

 
Their model is their model. Don’t help. Don’t allow parents to help. Let the kids do 
it. 

 
During the build phase your role is to keep quiet. When they ask you: “How do I 
do …?” Your answer is: “I don’t know.” 

 
If they ask: “What should I do?” Repeat the design challenge.  
 
Test – Step 3 

 
Here is where the experienced instructor makes a huge difference. The 
questions you ask will get students to think and learn.  
 
In the example of building a model car that rolls down a ramp, we stand at the 
ramp. We ask a series of questions: 
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 “What did you model do?”  We don’t let them off without a detailed 
answer. If they didn’t see what happened, we have them repeat the test 
until they do see. 
 

 “What caused your model to do that?”  We don’t let them get away without 
a thoughtful answer. They may not know, but they have to think. We have 
them point to something on the model that they think was responsible. 

 
Then make them make a measurement (how far did the car travel) and record 
that measurement. Not only does the measurement contribute to their immediate 
feedback (required to be a Flow experience), it also gets them using math skills. 
Students need experience making and recording measurements and analyzing 
and interpreting the data. 
 
What just occurred? In the Test phase, we force them to observe, report, and 
come up with a hypothesis for cause and effect. In other words, they did science. 
No one can do science – regardless of how many lectures they attend and 
regardless of their test scores – if they cannot observe, report, and associate 
possible cause with effect. Yet in a traditional classroom or museum experience 
students never get to do it. We’re missing the most important elements of 
science unless they observe, report, and associate cause with effect. 
 
In this phase of the Ingenuity Learning Model it is not necessary to supply 
information. The teacher’s job is to figure out the right question to ask that will 
force them to think and understand. 
 
On second and later tests of their model we can ask: 

 “Did your model do better this time than previously?”   

 “What one thing did you change after the last test?”  

 “Was that one change effective in making the model work better?” 

 “What one thing can you do now to make it work better?” 
 
We do not let them escape our questions. The tendency is for them to run away 
when faced with a difficult question. (Adults do the same thing.) We repeat the 
questions if needed and let the tension build, forcing them to think. If there are 
outsiders present (parents, teachers, other team members), we try to remove 
them or stop them from answering. We’re not looking for a correct answer – 
we’re trying to stimulate thinking – and possibly coming up with a hypothesis to 
test. 
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Improve – Step 4 
 
Effective teams will do many tests/rebuilds of each model. Each iteration of the 
build-test-improve cycle should generate new understanding.  We help by asking 
questions: “How is that going to help.” This is not intended to stop them from 
implementing a change, but get them to think about its potential effectiveness. 
Can they explain what they are doing and why? Also, we keep reminding them to 
record measurements along with what changes they make, and to make one 
change at a time. 
 
Throughout the “improve, re-build, and test cycle” each team should be recording 
the distance their car travels each time they test it. That helps them to know 
whether a modification was effective or not. Showing this information so 
everyone can see it also helps motivate teams to work hard. 
 
Students also learn distances. Students are unable to estimate how far their car 
went. They don’t know 3 feet from 3 yards or meters. They haven’t had the 
experience of measuring things. Everywhere possible we have them measure 
and record data. 
 
One essential feature of the Ingenuity Learning Model is that it gives 
opportunities for students to be successful. Some students who are not 
academically proficient can excel at building cars. Their success, along with the 
success of their more academically gifted peers, drives them to work harder. 
Success drives work and thoughtful work delivers learning. 
 
The Improve phase can last as long as teams are having success in making the 
cars perform better. When improvements wane, the excitement wanes, and it’s 
time to move on to the next phase. 
 
Share – Step 5 
 
Teams take pride in their models and are anxious to show them off. In the Share 
phase each team shows their model and describes its success. This gives us an 
opportunity to praise each team for at least one thing they did well. The sharing 
also gives everyone the opportunity to ask questions. As instructors, we don’t 
have to have the answers, but we do have to demonstrate an interest in finding 
an answer. 
 
We have everyone applaud each others’ work. We also point out that the sharing 
is an opportunity to swipe ideas for future projects.  
 
Reflect – Step 6 
 
This is where connections are made. Students have already learned the science, 
now they can tie in the theory, see other applications of the principles, and learn 
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the vocabulary of science. Students who have rolled cars down a ramp know 
they should start at the top of the ramp to get longer rolls across the floor. They 
know the more energy they put in, the more energy they will get out.  
 
But there is much more they can learn with the instructor’s guidance. Before the 
experiment they weren’t interested in the science of things rolling down inclined 
planes – now they are. Before they didn’t have the concrete and shared 
experience that is now locked in their memories and forms an anchor for learning 
more. Now they do. Before they weren’t ready for concepts and theory – now 
they might be.  
 
Reflection can take many forms. Class discussion is the first. Having teams 
prepare reports is another. They can also conduct text or internet research on 
some aspect of the experience they just had.  
 
In this activity we typically take the model car that has rolled farthest and do a 
class experiment. With everyone standing around the ramp, we measure how 
high above the floor the car sits and then measure how far it rolls across the 
floor. We repeat this for nine different elevations, which gives us a set of data 
points for each student to graph and explain. Thus teams have done an entire 
science experiment from building a model, testing it and testing each 
improvement to it, making measurements, and graphing the results. The best 
part is that they do this eagerly. 
 
We talk about the source of energy for the cars (solar energy – from breakfast 
food) and where the energy went (into heat). This leads to a few words about 
forces (gravity and friction) as opposed to energy (kinetic and potential). It also 
leads to discussion on where energy in that region or country comes from (fossil, 
solar or nuclear).  
 
But the same activity could introduce other topics just as easily. It could introduce 
topics from history, design, geography, or mathematics. And, the activity works 
with students as young as ten years old through graduate school.  
 
Here are some generic debrief questions to apply in the reflection stage: 
 

1. What happened? Why did it happen? What “cause and effect” did you 

observe? How do you know that one caused the other? 

 
2. Did you see anything that reminded you of a similar phenomenon in a 

different setting? Do you see a parallel in nature? In machines or 

buildings? Are there shapes that are unique and identifiable? 

 
3. Where did the energy come from that drove the system? Where did it go? 

What transitions did the energy go through? 
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4. What forces were involved? Were the forces balanced? Can you draw a 

graph of the forces? 

 
5. If you made the model 20x larger or 1/20th of the size, would the model 

behave similarity? What would make it easy or hard to build such 

supersized or micro-scale models? 

 
6. If you conducted the experiments again, would you expect to get the same 

results? What would cause different results? 

 
7. Is there something in this activity that you would like to repeat or to pursue 

on your own? What materials do you need to get started? 

 
Imagine – Step 7 

 
In an ideal classroom every activity would engage every student and raise his 
and her interest and curiosity so they want to learn more. Instead of saying, “I’m 
glad that lesson is over,” we’d like them to say, “Can I work on this at home?” Or, 
“Can we do this again?” 
 
You can spark their imagination by suggesting that they can continue learning by 
telling how they could do it. Point out where they can get materials to make 
similar models outside of school. Suggest that they work at home and bring in 
their improved models. Have them write up reports or stories about their models.  
 
Imagine is an opportunity to launch students into a habit of life-long learning. We 
can inspire them to do research on-line, improve their model, or tackle related 
projects. 
 
Ingenuity is a launch pad for learning. It generates interest and curiosity. We can 
get kids to learn so much more outside the classroom when we provide some 
encouragement, goals, or challenges. So this brings the process back to its start: 
Challenges. This is how science operates – one challenge leads to the next. 
 
Are you saying, “But my students won’t do this at home. They don’t have time.” 
You might be right, but if you get one student per class to repeat the activity at 
home you have made a great contribution to their learning that cost you no 
money and less than a minute of class time. In our experience, 30-40% of the 
students repeat the activities at home. We think the percentage could become 
much higher as the culture in schools and museums changes to more active, 
creative learning. 
 
What you gain by using the Ingenuity Learning Model 
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Ingenuity is doing science. Teams work independently solving problems and 
learning. Science requires some skills – skills that we rarely talk about, but which 
are critical to learning. These skills are critical not only to doing science, but also 
to living in the natural and technological worlds. 
 
The Ingenuity Learning Model cultivates these skills, traits and abilities.  
 

1. Critical thinking skills and logic. Science and logic are a fog for most kids 
(and adults). They don’t have experience thinking logically. They can be 
swayed by strong, but illogical, arguments and can be captivated by 
strongly expressed beliefs. They need analytic skills to do well in science 
and in life. Society needs people who can think for themselves. 
 

2. Curiosity. Kids are curious about what they do. Their curiosity drives 
learning. 
 
 

3. Ability to observe and report what was observed. They can’t do science 
without these skills.  
 

4. Ability to associate a possible cause with the observed effect. 
 
 

5. Ability to devise an experiment to determine if the possible cause is 
responsible. 
 

6. Ability to test and measure. Where else do they get experience 
measuring? 
 
 

7. Ability to report (orally, in writing, with graphs and illustrations). 
 

8. Intellectual honesty.  
 
 
It also has these attributes: 
 

 It gets learners thinking, asking questions, and working on the project – 
without which learning is superficial 

 

 It gets the learning process started immediately – no wasted time 
explaining or giving background that they won’t remember. It is more 
time efficient. 
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 It sets a solid anchor in the mind by providing a concrete experience. 
The theory and vocabulary of science can become linked to that 
anchor and become permanent, useful understanding 

 

 It provides experiences in which the learner can be successful, 
providing intrinsic motivation. Success leads to effort. Teachers further 
fuel the process by looking for opportunities to praise success. 

 

 It provides opportunities and motivation for students to continue 
experimenting and learning on their own. 

 

 It raises questions that can lead to expanding the study into other 
areas of science, history, art, mathematics, etc. 

 

 It makes each student a scientist. They do science instead of listening 
to science education. Doing science is so much more engaging.  
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Ingenuity Learning Model 
 

 

 
 

Challenge: Start with a challenge – 

“can your team make a car 

that……?” 
 

Once teams accept the challenge, you 

no longer have to teach. It is up to 

them to learn whatever is needed to 

complete the challenge. 
 

Build: Follow inventors rules:  

 work fast 

 make mistakes fast 

 steal ideas 

 make one change at a time 

 dare to try something new 
 

Test: As fast as they can, the build a 

model and test it. Testing should 

include measurement. 
 

You question them: what happened, 

why it did happen, what they can do 

to improve the design. 
 

Improve: they make one change (re-

build) and test it again – making a 

measurement and recording it. Do as 

many times as possible. 
 

Share: After as many iterations 

(build, test, improve) as time allows, 

each team shares their design and 

describes its success in meeting the 

challenge. 
 

Reflect: Talk about how the models 

worked, the science behind them, 

how well the teams worked… 
 

Imagine: Suggest activity extensions 

for after school, at home, or science 

fair. Encourage them to bring in 

improved models from home. 

Challenge 

Build 

Play/test 

Improve 

Share 

Reflect 

Imagine 



Ed Sobey 

Northwest Invention Center 

14 

Organizations that have funded or hosted workshops for teachers or students: 
 

 Fulbright Foundation for Northern Sweden 

 Fulbright Foundation for Indonesia 

 Iolani School, Honolulu 

 Island Pacific School, Honolulu 

 Hawaii Science Teachers association 

 Lakeside School Summer Program, Seattle 

 Bellevue International School, Washington 

 ESD Region 12, Waco Texas 

 Swiss Science Center, Technorama 

 South Dakota Science Teachers Association 

 NASA 

 Shelby, Tennessee School District 

 International Academy, Traunkirchen, Austria 

 University of Western Australia, Master Class Workshop 

 National Institute for Higher Education, Trinidad and Tobago 

 University of West Indies, St. Lucia 

 Lulea University, Teknikens Hus, Sweden, workshops throughout Arctic Sweden 

 University of Iceland, School of Education 

 University of Akureyri, Iceland 

 Ministry of Education, St. Lucia 

 Ministry of Education, St. Vincent 

 Innovatum Science Center, Trollhattan, Sweden 

 National Science Center Network, Austria – workshops throughout Austria 

 National Children’s Museum of Jordan 

 National Museum of Technology, Sweden  

 National Museum of Science, Norway and at three other Norwegian science museums 

 Singapore Teachers Union 

 Beijing International Science & Technology Cooperation Center 

 Ministry of Education, Malaysia 

 AIMS College, Sri Lanka 

 Science Communications Conference of Estonia, Tartu 

 European Science Museum Conferences: Hungary, Germany, Italy, France, Sweden 

 Various museums and corporate clients: Canada, St. Vincent, India, Nigeria, UAE, 

Myanmar, and Mexico 

 OMSI, Portland, Oregon 

 Cape Town Science Center, South Africa 

 Strategic Air Command Museum, Nebraska 

 Tubitak national science foundation for Turkey 

 Science Centre AHHAA, Estonia 

 Energy Discovery Center, Estonia 

 Fresno Unified School District, California 

 US State Department, Indonesia 
 

. 
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