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MOTIVATION

* The Next Generation Science Standards (NGSS) emphasize
Computational Thinkingt as a scientific practice - suggests integration
in STEM

 Computational Thinking (CT): “the thought process involved in
formulating a problem and expressing its solution(s) in such a way that
a computer- human or machine -can effectively carryout” 2

* There is a lack of understanding in how to design problems to elicit CT
and in how to assess of CT practices

DATA OUTPUT
PROJECT MWP

Research Question:
How do the tasks needed to complete a computational activity relate to the CT Practices that students engaged in during
those tasks, and what the implications for problem design?

FRAMEWORK TASK ANALYSIS

EXTRACTING COMPUTATIONAL INSIGHT Expert Task Analysis
e b ewcelpiion ot sy
. Define charge of Hawkions Set as Q=-1.602E-19 under ##Parameters and Initial Conditions.
ngh"ghti“g and fﬂll"EﬂI"ﬂUﬁdl“g ‘ Dehugging \ 2. Make an observation point Move p = sphere(pos=vector(-1,-1,0), radius-0.1, color=color.cyan) line from the comments to
the ##Objects section so that the observation point p 1s defined with the other objects.
3. Define/declare an arrow Either define one by yourself or copy over Barrow=arrow(color=color.red) line from the com-
BUILDING COMPUTATIONAL MODELS ments to before the while loop so that the arrow 1s defined outside of the calculation loop.
4. Set the position of the arrow to be at|Move Barrow.pos=p.pos line from the comments to before the while loop (under the line of
- —— the observation point code from Step 2) so the position of the Barrow is set to the position of the observation point.
Algorithm building ﬂﬂmﬂnitratlng EI}I’IStrI.IEtIHEﬂIEPHSItIﬂHE 5. Calculate the separation vector Inside l‘hc while l(k))()p (bf:[‘Ol*c the chargc.po; update line, after the rate(100) line), calculate the
- — - ‘ separation vector by typing r_sep=p.pos - charge.pos
APP"I"“E conditional |ﬂgll: \ tﬂWﬂrdE Eﬂmpl.llatl-:lll 6. Calculate the magnetic field After defining r_sep (still before the charge.pos line), calculate the magnetic field using B=1E-
Utilzing generalization \ 7#Q*cross(velocity,r_sep)/mag(r_sep)**3

7. Set the axis of the arrow to be equal |(Scale will be needed for visibility). Do this by moving the Barrow.axis=vector(0,0,0) line from
to the B-field the comments to below the B calculation line and change 1t to Barrow.axis = B*scale.

‘ Adding complexity to a model \
8. Define scale so the arrow is visible |Estimate the order of magnitude from the B-equation, use guess & check, or use a print state-

l WIJI'hIIIg In gmups on ment to find the scale. Set the scale to be scale=1E26 since B 1s extremely small.
DATA PRACTICES I:ﬂmpmat]ﬂ“al mudﬂls 9. Double check direction of arrow Utilize the “right hand rule.”

‘ Ehnnsing data representinn form \ 10. Change parameters Parameters include sign of charge, magnitude of charge, velocity direction. Make sure arrow
responds accordingly.

Intentionally generating data 11. Add more observation points by|Create new observation point and a new arrow (renamed accordingly). Set the new arrow lo-
Analyzing Data copy/pasting lines of code cation to the new observation point. Calculate the new separation vector and the new B-field.
. - ' Make the new B-field the axis of the new arrow.
o L Make claim, draw conclusion, complete task, etc
Mﬂl‘llplllﬂtlnﬂ data ' ’ p k’ 1 12. Repeat step 11 As needed. for the desired observation locations.

RESULTS

Computational Thinking Engagement

Extract Insight Build Computational Models Data Practices Task Count

Dec |H&F ||TPIC |ACL |AB |UG |ACM ||CDRF|IGD |MD |AD Deb
|. Define charge 0 0 l 0 2 0 0 0 0 0 0 0 3
2. Make obs point 0 2 l l l | 0 0 0 0 0 0 6
4. Set arrow position 0 I l l 0 0 0 0 0 0 0 0 3
5. Calc separation vector ||0 I 3 3 2 2 0 l I 0 0 | 14
6. Calc magnetic field | I 3 0 0 2 0 0 I 0 0 2 10
7. Set the arrow axis 0 I l 12 l 2 0 1 4 0 I 3 26
8. Define arrow scale 0 0 0 0 0 | 1 0 1 0 0 2 S
9. Check arrow direction (|0 0 0 0 0 0 0 0 0 0 I 0 1
1. Add more obs points |0 1 0 0 0 2 0 0 3 0 I 0 7
A. Planning 0 3 1 1 0 0 0 0 0 0 0 0 5
B. Coding discussions 0 0 1 0 1 2 0 0 0 0 0 1 S
C. Oft-topic discussions |0 0 1 0 0 0 0 0 2 0 1 1 5
Total CT Counts 7 12 |1 10 |90

Relative Lack of Consistent “Generalization”
“Extracting Insight” or codes through the problem
“Data Practices” - could indicates that students
come from problem relied heavily on previous
design or code from the class - there
time/experience In was sufficient scaffolding to
course (Week 9) attempt the MWP
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Most of codes are
“Building Computational
Models” — shows
alignment between
design intentions and CT
framework

Test framework and | | Purposefully design
task analysis with an activity to
multiple problems develop these CT
(beginning, mid, & practices & use the

end of semester) to framework to

see progression in CT evaluate
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