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http://youtube.com/STEMcoding
https://jimmynewland.com
https://www.uh.edu/education/
https://bellaire.org/

Computational Thinking as Constructionism
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Seymour Papert - Constructivism with a physical artifact is
constructionism
"The goal is to use computational thinking to forge ideas
that are at least as "explicative" as the Euclid- like
constructions (and hopefully more so) but more accessible
and more powerful (Papert, 1996)."

Jeanette Wing on CT (2006) - "It represents a universally applicable
attitude, and skill set everyone, not just computer scientists, would
be eager to learn and use."

For me, computational thinking is rooted in social
constructivist theory and constructionism.



https://www.youtube.com/watch?v=ZG9cYhekB8A
https://pencilcode.net/edit/first

Computational Thinking (CT) In Science Classes
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Computing is for everyone.

Components of CT from Weintrop, et al., (2016).




The Euler-Cromer Modeling Paradigm
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dt = 0.1;
8
9+ function draw(){

10

11 // Update location

12 X = X + vx*dt;

13

14 // Draw axes and other stuff

15 display();

16

17 drawBlob(x,y,vX,vy);

18 // Add more graphics here before the end of draw()
19

20 } // end draw() DO NOT ADD ANY CODE AFTER THIS LINE!!
21

With Euler-Cromer modeling, iteration and variable accumulation allows for stepwise state changes. Usually
the time variable is iterated and there is a simple visualization component. This is a variation of numerical
integration. Here we are using p5js so the draw function handles iteration automatically.

How much CS content knowledge is required?



https://docs.google.com/file/d/13VVi0eANUGlScvPsVdnCNwe2W6drFyqa/preview
https://docs.google.com/file/d/13VVi0eANUGlScvPsVdnCNwe2W6drFyqa/preview

Leveraging CS Pedagogy in Science Coding

Step 2b. Change Fnety to include the weight of the ship

To add gravity to the code, we CAN'T just set ay = g. This would make the ship accelerate
towards the ground like we want (feel free to try it out!), but this approach will NOT let us
fire the thrusters to slow our descent. We are going to need to do something a bit more
clever than that.

The clever (and right) way of adding gravity to the code is to remember these three facts:
1. gravity is a force

2. The force of gravity is the weight

3. The net force is the sum of all the forces

This means that we need to replace this code Fnety = Fy; with something else:

Fnety = Fy + W;
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9~ function draw(){
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// Update location

X = X + vx*dt;

// Draw axes and other stuff

display(Q);

drawBlob(x,y,vx,vy);
// Add more graphics here before the end of draw()

20 } // end draw()

21

DO NOT ADD ANY CODE AFTER THIS LINE!!!

According to Morrison, et al., (2014) cognitive load theory suggests that learning is
impaired when the processing requirement exceeds the capacity of working memory.

Morrison & Margulieux (2015) show that subgoal labeling and worked examples can
scaffold learning for new coders struggling with cognitive load.




CT as Modeling in Physics - Simulation with Euler-Cromer

Traditional Computational Hybrid approach PhET/Physlet approach
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lllustrations of different approaches to computationally enriched physics content (Orban & Teeling-Smith, 2018)

A lot of CS pedagogy needed.
Same cognitive load as a CS
course. Science knowledge
should be secure also. Meant
for college physics/astronomy
majors.

Data analysis and visualization
are emphasized. Science
knowledge can be created
with nearly no CS pedagogy
needed. Works for K-16.

Much less cognitive load and
minimal CS pedagogy needed.
Students can create science
knowledge and some CS
knowledge. Meant for intro
science courses 8-16.



- Modeling physics in simple video games
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5 vy = 0;
] deltaVx = 0;
: 8 deltaVy = 0;
) theta = 0;

12 Fthrust = 30.0;
3 mass = 3.0;
gl dt =0.1;

left right arrows to turn, tap up arrow to thrust, press H to hide the arrows, press U to un-hide

function draw(){
+y 7 // Update velocities
vx += deltaVx;

Acceleration
Forces // Update location
Velocity X += vxxdt;

+X
elocity is unchanged if there are no forces
Apollo Lander g (e g B>
24 deltaVx = 0;

// Turn or thrust the ship depending on what key is pressed
if (keyIsDown(LEFT_ARROW)) {

. theta += 0.0; +y
Wi 6 wya W 0 if (keyIsD?wr_\éRégHT,ARROW))(
e ‘ gf z::;js;;wn(LAJP;ARROW)) { \[!z:'c:;:ﬁy
;éeiiiKif;tﬁ:Qst*cos(theta)/mass; +X Acceleration
2 i deltaVx = accelx*dt;
Planetoids
i STEMcoding - web-based physics curriculum and

. f— LMS covering intro physics using p5js, designed

Bird Launcher ’ for teaching coding & simple event handling.



http://youtube.com/STEMcoding
https://stemcoding.herokuapp.com/
https://p5js.org/
https://jimmynewland.com/stemcoding/bellicose_birds/index.html

Airdrag Example

28 // Return the acceleration due to drag.
29 // b is the drag coeffecient for the object
StUdentS 30 // vel is the current velocity of the object
create air 31 // m is the mass of the object
32 -~ function a_drag(v, b, m{
drag mOdels 33 // Put the acceleration due to air drag here.
. 34 // Don't assign a direction here. (no negative)
which create 35 a = @; // fix this line
36
datasets tO D 37 // Do not exceed acceleration due to gravity!
38 if (a > abs(g)) a = abs(g);
be analyzed. 39
40 // Return the acceleration due to drag
41 return a;
42 }
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http://youtube.com/STEMcoding
http://www.youtube.com/watch?v=DQxyXcdAlws
http://www.youtube.com/watch?v=DQxyXcdAlws
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