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Abstract 
Computational thinking (CT) and collaboration are essential parts of life in 
a digital age. Despite the intuitive appeal of CT, its utility is limited 
because little is known about how to define, measure, or promote it in 
middle school. This study will contribute to our understanding of STEM 
teaching and learning in informal settings by conceptualizing and 
measuring computational thinking for middle school students. Data are 
being collected from students programming a computer game-- alone or in 
collaboration with a peer. We are in our first year of data collection, but 
we expect the findings to contribute to an understanding of what 
computational thinking looks like, how it develops in middle school, and 
whether this varies depending on whether a student works alone or with a 
partner. 



Research Questions 
1) What is an appropriate definition of computational thinking in middle 

school?  
2) Does creating a computer game promote computational thinking?  
3) Does pair programming foster more computational thinking than solo 

programming?   
 



Participants 
 240 middle school students in a voluntary computer game design 

class. 
 Students are in extended learning programs in two school districts in 

California 
 Primarily Latino and white students.   
 Statistical analyses designed for longitudinal dyadic interdependent 

data will be conducted. 



Data Collection 

 A group-randomized controlled trial 
 Randomization by class to either a pair programming or solo 

programming condition.  
 Qualitative and quantitative data will measure computational thinking, 

as well as how students experience programming, closeness with 
partner, affect, and behavior on the computer.    

 
 Pre and post-test surveys 
 Computer logging data 
 Students’ games 
 Videotape of student interactions 
 Performance assessments 



Results 
Research Question 1: What is an appropriate definition of computational 
thinking in middle school?  

CT involves thinking at multiple levels of abstraction and modeling real-
world problems using computer models, as well as testing and revising those 
models. While programming a game, children: 
 

 Make a model of a make-believe world by abstracting out things that are 
important to them. 

 Create and use variables: counters, timers, user input, characteristics of 
objects.  

 Create new methods composed of complex sequences of lower level 
operations for conditional, sequential, and iterative processing.  

 Think at multiple levels of abstraction (e.g., goal of game, how player will 
interact). 



Results 
Research Question 1: What is an appropriate definition of computational 
thinking in middle school? (continued) 

To define and measure CT, we need a combination of assessment approaches. 
We are pilot testing the usefulness of the following data sources:  

 
 Final games: program code reveals patterns of computational thinking.  
 Bee-bot: strategy to program a robot indicates their understanding of 

abstraction and algorithmic thinking. 
 Faulty program: strategy for debugging indicates their understanding of 

abstraction, algorithmic thinking, and scale.  
 Logging data: activity while programming their game involves different 

proportions of programming, screen layout, and testing code. 



Results 
Research Question 2:  Does creating a computer game promote 
computational thinking?  

Computer game programming engages students in computational 
thinking incrementally--it develops via a cycle called the “use-modify-
create continuum.” 
 

 Use: students learn how to use the programming environment 
 Modify: students modify existing programs and learn the underlying 

mechanisms. 
 Create: students program an original game. 



Preliminary Conclusions 
 Storytelling Alice is appealing; students are motivated and proud of 

their games 
 Instructional materials (challenges) allow students to work at their own 

pace 
 The use-modify-create continuum appears to be a good way to move 

students into some aspects of CT. 
 Pair programming is motivating for most: it results in higher retention, 

and effective pairs push each other to reflect and engage in high level 
thinking.  
 Our assessment strategies provide useful data on some aspects of 

computational thinking. 
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