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Operationalizing Computational Thinking
◆   Computational thinking (CT) is a problem-solving process �
    that includes (but is not limited to) the following characteristics:�

◆  Formulating problems in a way that enables us to use a computer and 
other tools to help solve them. 

◆  Logically organizing and analyzing data 
◆  Representing data through abstractions such as models and simulations 
◆  Automating solutions through algorithmic thinking
◆  Identifying, analyzing, and implementing possible solutions with the 

goal of achieving the most efficient and effective combination of steps 
and resources

◆  Generalizing and transferring this problem solving process to a wide 
variety of problems

Source: http://www.iste.org/docs/ct-documents/computational-thinking-operational-definition-flyer.pdf?sfvrsn=2



Computational Thinking Enhanced by…
 
◆  Confidence in dealing with complexity
◆  Persistence in working with difficult problems
◆  Tolerance for ambiguity
◆  The ability to deal with open ended problems
◆  The ability to communicate and work with others to 

achieve a common goal or solution
�

Source: http://www.iste.org/docs/ct-documents/computational-thinking-operational-definition-flyer.pdf?sfvrsn=2



What students do in oDREAMS �

1.  Learn about Computational 
Thinking by creating 
increasingly complex games 

2.  Leverage Computational 
Thinking to create STEM 
simulations (NGSS)



Computational Thinking 
Patterns

v  Connecting reasons to program (world)�
with abstracted phenomena (representation)�
that relate to programming code (tech)

v  Fundamental to agent based programming

v  Used to design professional development, 
instructional resources and assessment



Construct of Computational Abstraction







Instrumentation Challenge

§  Assessing	Transfer:	how	
can	we	measure	that	skills	
acquired	in	game	design	
can	be	leveraged	in	STEM	
simula;on	building?	

Computational Thinking Pattern Analysis



Assessing 
Transfer



I	think	this	video	is	like	transport		
because	I	observed	an	eagle	picking	up	a	
fish	while	it	con;nued	to	move	and	this	is	
transport	because	the	eagle	is	moving	
the	fish	from	one	place	to	another.	
																	--	6th	grade	student	

Its	kind	of	like	frogger	
because	just	like	the	video	
when	the	bird	got	the	fish	
its	like	the	frog	geCng	hit	
by	the	car.	
														--	8th	grade	student															





This	video	is	like	collision	
because	I	observe	the	two	
sumo	wrestlers	colliding	
with	each	other	like	how	
the	car	collides	with	
frogger	in	the	frogger	
game.	
											--	6th	grade	student	

I	don't	see	any	correla;on	
between	sumo	wrestlers	
figh;ng	and	frogger	
												--	10th	grade	student															

Frogger	is	a	man?	I	don't	
know,	these	are	the	
weirdest	videos	for	this.	
					--	10th	grade	student	





Wright	Map	of	item	logits	

*Reduced item set  
(Cronbach’s Alpha = 0.70) 







http://scalablegamedesign.cs.colorado.edu 

Questions? 

NSF	DRL-1312129	Promo;ng	Computa;onal	Thinking	through	Game	&	Simula;on	Design	(oDREAMS)	
	



E C Q J G R B V K P N D M L T Total	Score
22 4 4 1 4 4 1 1 1 1 1 1 1 1 1 1 9
39 4 4 4 1 4 1 1 1 1 1 1 1 1 1 1 9
49 4 4 1 1 1 1 1 1 1 1 1 4 1 1 1 12
10 4 4 4 4 4 1 4 1 1 1 1 1 1 1 1 12
42 1 4 1 4 1 1 1 1 1 1 1 1 1 1 1 9
71 4 4 1 4 1 4 4 1 1 1 1 1 1 1 1 12
11 4 4 4 1 4 1 4 1 1 1 1 1 1 1 1 12
89 4 1 4 4 4 4 1 1 1 1 1 1 4 1 1 12
4 4 4 4 1 4 1 1 1 1 4 1 1 4 1 1 15
85 4 1 4 4 1 1 1 1 1 1 4 1 4 1 1 15
7 4 1 1 4 4 4 1 1 4 1 1 1 1 4 1 15
13 4 1 4 4 1 1 1 1 1 4 1 4 1 1 1 15
54 4 4 4 1 4 1 4 4 1 1 1 1 1 4 1 18
80 4 4 4 4 4 4 1 4 1 4 1 1 1 1 1 15
14 4 4 4 4 4 4 4 4 4 1 1 1 4 1 1 21

Kelly 4 4 1 1 4 1 1 1 1 1 1 4 1 1 1 12
17 4 4 4 4 4 1 1 1 4 1 4 1 1 1 1 15
48 4 4 4 1 4 4 4 4 4 1 4 1 1 1 1 21
51 4 4 4 4 1 1 1 4 1 1 1 1 1 4 1 15
56 1 4 1 4 4 1 1 4 4 1 1 1 1 4 1 18
59 4 4 4 4 4 4 4 1 1 1 1 4 1 1 1 15
61 4 1 1 4 1 1 1 1 1 1 4 4 1 1 1 15
73 4 4 4 1 4 4 4 4 1 1 1 4 4 1 1 21
1 4 4 1 4 4 4 4 4 1 4 1 1 4 1 1 21
18 4 1 4 4 4 1 4 4 4 1 4 1 1 1 1 21

Drew 4 4 4 4 4 4 1 4 1 1 1 4 1 4 1 18
35 4 4 4 4 4 4 4 1 1 1 4 4 4 1 1 21
40 4 4 1 4 1 4 1 1 1 4 4 4 1 1 4 21
55 4 4 1 1 4 1 4 1 4 1 1 1 4 1 1 18
69 4 4 4 4 4 4 4 1 4 4 4 1 1 1 1 21
82 4 4 4 4 4 4 4 1 1 1 4 1 1 1 4 18
86 4 4 4 4 4 4 1 1 4 4 1 4 4 1 1 21
6 4 1 1 4 4 4 4 4 1 1 4 1 1 1 4 21
20 4 4 4 4 4 4 4 4 1 4 4 1 1 4 1 24
27 4 4 4 1 1 1 1 4 1 1 4 1 1 4 1 18
28 4 4 4 4 1 4 1 4 4 4 1 4 1 1 1 21
41 4 4 4 1 1 1 4 4 4 1 1 1 1 4 1 21
52 4 4 1 1 1 1 1 1 4 4 4 1 1 1 4 21
65 1 1 4 4 4 4 4 4 4 1 1 1 1 1 4 21
70 4 4 4 4 1 4 1 4 4 4 1 1 4 1 1 21
77 4 4 4 4 4 1 4 1 1 1 1 4 1 1 1 15
78 4 4 4 4 1 4 1 4 4 4 4 1 1 1 1 21
29 4 4 4 4 1 4 4 4 4 4 1 4 1 1 1 24
47 1 4 1 1 1 4 4 1 1 4 1 1 1 4 1 18
53 4 4 4 1 1 1 1 1 1 4 4 1 1 4 4 21
81 4 4 4 4 4 1 4 4 4 4 1 1 1 4 1 24
83 4 4 4 1 4 4 4 1 4 4 1 1 1 1 1 18
2 4 4 4 4 4 4 4 4 1 4 1 4 1 1 1 21
5 4 4 4 4 1 4 1 4 1 1 4 4 4 1 1 21
8 4 4 4 4 4 4 4 1 4 4 4 1 1 1 4 24
19 4 4 4 4 1 1 1 4 4 4 1 1 1 1 4 21
21 4 4 4 4 4 4 1 1 4 1 4 4 1 1 4 21
26 4 4 4 4 1 4 1 4 4 1 4 4 1 4 1 24
31 4 4 4 4 4 4 4 4 1 1 1 1 4 4 1 21
32 4 4 4 4 1 4 1 4 4 1 4 1 4 4 1 24
34 4 4 4 4 4 4 4 4 1 4 4 1 1 1 1 21
50 4 4 4 4 4 4 4 4 4 1 4 1 4 1 1 24
60 4 4 4 4 4 4 1 4 1 4 1 4 4 1 1 21
64 4 4 4 4 4 1 4 1 4 4 4 1 1 4 1 24
9 4 4 4 4 4 4 4 1 4 4 4 4 1 1 1 24
43 4 4 4 4 4 1 4 4 4 1 1 1 4 1 4 24
45 4 4 4 4 1 4 4 4 1 4 1 4 4 1 1 24
58 4 1 4 4 4 4 4 4 4 1 1 1 4 4 1 24
62 4 4 4 4 4 4 4 4 4 1 4 4 1 1 4 27
63 4 4 4 4 4 4 4 1 4 4 1 1 4 1 4 24
72 4 4 4 4 4 1 4 1 4 4 4 1 1 4 1 24
74 4 4 4 4 4 4 4 1 4 4 4 1 4 1 1 24
23 4 4 1 1 4 4 4 4 1 1 4 1 1 4 1 21
24 4 4 4 4 1 4 4 4 1 4 4 1 1 4 1 24
37 4 4 4 4 4 4 4 4 1 1 4 4 1 1 1 21
57 4 4 4 4 4 4 1 4 4 4 4 4 4 4 1 30
67 1 1 4 4 4 4 4 1 4 1 4 4 1 1 1 21
75 4 4 4 1 4 1 4 1 1 4 1 4 4 1 4 24
90 4 4 1 4 1 4 4 4 1 1 1 4 4 4 1 24
3 4 4 4 1 4 1 1 1 4 4 1 4 4 1 4 24
33 1 4 1 4 4 4 4 1 1 4 1 4 4 1 4 24
46 4 4 4 4 4 4 4 4 4 4 4 1 4 1 1 27
91 4 4 4 4 4 4 4 4 4 1 4 4 4 4 1 30
36 4 4 4 4 4 4 4 4 1 4 1 4 4 1 1 24
68 4 4 4 4 4 4 1 4 1 4 1 4 4 4 4 27
88 4 4 4 4 1 4 4 4 4 4 4 4 1 1 1 27
12 4 4 4 4 4 4 4 4 4 4 1 4 4 1 4 30
84 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 33

Taylor 4 4 4 4 4 4 4 4 4 4 4 4 1 1 4 30
44 1 1 4 1 4 4 4 4 1 4 4 4 4 4 4 33
76 4 4 4 4 4 4 4 4 4 1 4 1 4 4 4 30
79 4 4 4 4 4 4 1 4 1 4 4 4 4 4 4 30
87 4 4 4 4 1 4 4 4 4 1 4 4 1 4 4 30
30 4 4 1 4 4 4 4 4 4 4 4 1 4 4 4 33
66 1 1 4 4 4 4 4 4 4 4 4 4 4 1 4 33
16 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 33


