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• What did we do?

• What had to change?

• Our wishes

• How can computational thinking help?
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What happened?

• Normally my classes scored better on the central exams than average

• The last two exams they scored lower than average

• There was no change in exam content

• In the past 80 – 90 % of the scores were obtained with “calculation” questions

• Now 50 % of the scores must be obtained by “reasoning” questions

• From 25 – 28 questions ≈ 13 – 20 questions are reasoning questions

• We missed 1 sentence in a 41 pages large exam description
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Meaning…

• Scientific literacy

• Critical thinking

• Not new but…

• Yellow = scientific literacy

related

• Orange = modelling

• Green = calculations

The candidate is able to:

• analyse

• explain

• evaluate

• test

• describe

• perform calculations

on the subjects:

• technical design

• research

• models

• environment and society

in the context:

• mechanics

• electromagnetism

• materials

• radiaton

• waves

• quantum dynamics
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What did we do?

• Systematic Problem Analysis (SPA)

• Helpful for the less brilliant students

What is the question?

Kind of question (calculation, determination, 

explain)

Data and sketch

Relevant knowledge/formulas

Plan

Execution

The answer: (ALRUS)

• answer to the question asked?

• logic

• readable

• units

• significance

What How Known Needed Calculation

Very nice way to get insight in the 

(wrong) steps a student makes to solve 

a problem
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Example of SPA

• Skier (m=80 kg) on a slope 

(20°)

• There is air friction and 

kinetic friction.

• The air friction constant is 

2,0 kg/m

• The kinetic friction 

coefficient is 0,05 

• Initial velocity is 0 m/s

• What is the final velocity?
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Example

What is the question? Ve

Kind of question Calculation

Data and sketch m= 80 kg

α = 20°

k1 = 2,0 kg/m

k2 = 0,05 

Relevant knowledge/formulas F = m.g

Fz//=Fz*sin(α)

Fz┴ = Fz*cos(α)

Σ F = 0=Fwl+Fws-Fz//=0

Fwl=k1*v
2

Fws = k2*Fn

Plan

Execution

The answer: (ALRUS)

• Answer to the

question asked?

• logic

• readable

• unity

• Significance

11 m/s ( =  39 km/h)

What How Known Needed

v Fwl = k1*v^2 k1 Fwl 11

Fwl Fwl+Fws=Fz// - Fz// and Fws 232

Fws Fws=k2*Fn=k2*Fz┴ k2 Fz┴ 37

Fz┴ Fz┴ = Fz*cos(α) α Fz 737

Fz Fz=m.g m, g -- 785

Fz// Fz//=Fz*sin(α) α Fz 268

Fz Fz=m.g m, g -- 785
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Follow up questions

• Calculate the angle of the slope if the final velocity is 15 m/s

• You waxed your skies, now the friction coefficient is 0,01. What is the final 

velocity?

• You bent more forward so the air friction constant becomes 1,5 kg/m. What is 

the increase in final velocity?

Better questions to prepare for scientific literacy

• If you wax your skies, what will happen with the final velocity ? Explain !

• If the slope becomes steeper, what will happen with final velocity ? Explain!

• How will the velocity, time graph change if the air friction is higher? Explain!

start a discussion oral discussion ≠ written

scientific literacy

Due to memory overload no deeper learning 
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Our wishes

• Using a algorithmic way as strategy for scientific reasoning

• Reduce of working load/memory load to obtain space for understanding

• SPA+

• Algorithmic thinking

• Coding (?)

Computational Thinking and coding

Modelling
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SPA +

• Data:

o If the skier wants to go slower at 

the end, what can he do to

obtain that?

• Connection:

o Explain why the acceleration of 

the skier becomes zero

• Conclusion:

o There is frontal wind to the

skier, giving him extra air 

friction. Explain what will

happen with the final velocity

What is the question?

Type of question (data, connection or 

conclusion)

Information, data and sketch

Relevant knowledge/formulas

Combining all elements

Is the answer an answer to the question 

asked?

Important to be aware of the different types

of questions.



www.t3nederland.nl

Example of SPA+
Question:

o The skier wants to decrease the final velocity, how can he obtain that?

What is the question? How to obtain a lower ve ?

Type of question (data, 

connection or conclusion)

Data has to be changed

Information, data and sketch m= 80 kg

α = 20°

k1 = 2,0 kg/m

k2 = 0,05 

It is the same skier, with the same skies at the same slope. So this means that m, α and k2 don’t change

Relevant 

knowledge/formulas

F = m.g

Fz//=Fz*sin(α)

Fz┴ = Fz*cos(α)

Σ F = 0=Fwl+Fws-Fz//=0

Fwl=k1*v
2

Fws = k2*Fn

Data Connection Conclusion

? F
z//

and F
ws

are contant V
e
smaller

F
w,l

is constant

If F
w,l

is constant although ve is smaller this means that k must be

larger because Fwl=k
1
*v2 does not change

Standing 

straight

k can be made larger by making your surface larger
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Example SPA+

Combining all elements Conclusion: To make the final velocity smaller it is necessarily to stand up more 

straight. 

Connection: The skier is at the same slope with the same skies, so the 

component of the gravity along and perpendicular to the slope and the  kinetic 

friction stays the same. This means that also the air friction must stay the same 

because Fz// = Fws + Fwl . 

With the formula Fwl = k.v
2
. This means that if v must be smaller and F stays the 

same, this is only possible if k increases. 

Data:To let k increase the skier must stand up more straight.

Is the answer an answer to the

question asked?

” The skier wants to go slower at the end, what can he do to obtain that?”

Yes, the answer is an answer to the question
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Connection Model and SPA (+)

Data and sketch m= 80 kg

α = 20°

k1 = 2,0 kg/m

k2 = 0,05 

Relevant knowledge/formulas F = m.g

Fz//=Fz*sin(α)

Fz┴ = Fz*cos(α)

Σ F = 0

Fwl=k1*v
2

Fws = k2*Fn
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SPA+ and modelling
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Questions and solutions

Question

How does the v,t diagram change if the

kinetic friction is enlarged? Why?

Assume that the red line are real data 

points. How do you have to change k1 

and k2 to let the model predict the real 

data? Explain why?

What is changed between the red and

the blue model output? Why?
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Conclusion

• SPA (+) is an algorithmic way to give students a strategy to answer:

o Questions with difficult calculations

o Questions that ask for explanations

• Calculations with many steps give high memory load giving low understanding

• Using models can help to increase understanding with less memory load

• Combining SPA+ with models make it possible to explore complex situations 

and learn students to reason.

• Computational thinking can help students with scientific literacy and critical 

thinking.


