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Lots of Jobs... Too Few Computer Science Graduates

8%
of STEM 

graduates 
are in computer 

science

71%
of all new jobs 
in STEM are in 

computing

“Why computer science in K-12,” Code.org, https://code.org/promote, 2016. 

https://code.org/promote
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K-12: Lack of Access to Learn Programming

Kurose, Jim. “An Expanding and Expansive View of Computing”. 2016. Presentation. https://engineering.wustl.edu/Events/Pages/CSE-Colloquia-Series-Jim-Kurose.aspx

https://engineering.wustl.edu/Events/Pages/CSE-Colloquia-Series-Jim-Kurose.aspx


How can we help children learn programming independently?
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Programming Tutorials

scratch.mit.edu





Cognitive Load Theory

J. Sweller and P. Chandler, “Why Some Material Is Difficult to Learn,” Cognition and Instruction, vol. 12, no. 3, pp. 185–233, 1994.
Sweller, P. Ayres, and S. Kalyuga, Cognitive Load Theory. Springer, 2011.
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Human Cognitive Architecture

Long Term MemoryWorking Memory
G. A. Miller, “The magical number seven, plus or minus two: some limits on our capacity for processing information,” Psychological Review, vol. 63, no. 2, pp. 81–97, 1956. 
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Cognitive Load

Beneficial
Intrinsic Cognitive Load

Germane Cognitive Load

Detrimental
Extraneous Cognitive Load

Working Memory

Sweller, P. Ayres, and S. Kalyuga, Cognitive Load Theory. Springer, 2011.
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Beneficial Cognitive Load

Write a program that sorts an array of
integers.

Low Beneficial Cognitive Load High Beneficial Cognitive Load

Write a program that sorts an array of integers.
When you are finished, comment your code!
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Detrimental Cognitive Load

Programming Syntax Blocks-Based Programming

High Detrimental Cognitive Load Low Detrimental Cognitive Load
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Completion Problem

J. J. G. Van Merrienboer and M. B. M. De Croock, “Strategies for Computer-Based Programming Instruction: Program Completion Vs. Program Generation,” Journal of 
Educational Computing Research, vol. 8, no. 3, pp. 365–394, Jan. 1992. 
Sweller, P. Ayres, and S. Kalyuga, Cognitive Load Theory. Springer, 2011.

“A partial worked example where the learner
has to complete some key solution steps.”
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Completion Problems: Beneficial Cognitive Load

∠BCA = ____ 60°

Conventional Problem Completion Problem

What is BCA?∠

∠BAC + CBA + BCA = 180°∠ ∠

30° + ____ + BCA = 180°∠

<BCA = 60°

90°
<BCA = 180° - 30° - 90°

What is BCA?∠





How might we combine a motivating programming environment, 
code puzzles, and completion problems?







Do code puzzle completion problems support children in using 
programming constructs in near transfer situations independently?
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Hypotheses

Hypothesis I   Middle school children will demonstrate greater learning efficiency of 
programming constructs by finishing training materials in less time and successfully completing 
more near transfer tasks, when training independently using code puzzle completion problems 
compared to current best practice, tutorials.

Hypothesis II   Errors in code puzzles, commonly called distractors, will decrease learning 
efficiency by increasing middle school children’s time to complete code puzzle completion 
problems while also decreasing their ability to successfully utilize programming constructs in 
near transfer situations.

Hypothesis III   When given the freedom to choose their own informal learning resources, 
middle school children will perceive value in using code puzzle completion problems by 
expressing more interest, enjoyment, and preference towards using them compared to tutorials.



Formative Evaluations: Developing Code Puzzle Completion 
Problems & an Introductory Curriculum

K. J. Harms, N. Rowlett, and C. Kelleher. 2015. Enabling independent learning of programming concepts through programming completion puzzles. In 2015 IEEE Symposium on Visual Languages 
and Human-Centric Computing (VL/HCC), 271–279. https://doi.org/10.1109/VLHCC.2015.7357226 
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Formative Evaluations

I. Completion Problem → Puzzle Interface & Mechanics
10 iterations

23 participants - St. Louis Science Center

30 minutes

II. Introductory Curriculum
8 iterations

21 participants - St. Louis Academy of Science

90 minutes
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Things we tried: 

Scrambling the code.

Fun & unpredictable animations.

Feedback only after solving the puzzle.

Do other activities while watching program execution.

Overlapping puzzle statements.

Demonstrating construct behavior/example-based puzzles.

Detailed code and animations.



Scrambling the code.
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Limit the Editable Dimensions

Reassemble
Statements



Fun & unpredictable animations.
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Memorable Segments

Segment I – alien 
repairs flying saucer

Segment II – flying 
saucer starts up

Segment III - alien 
leaves in flying saucer





Motivating Programming Environment + Code Puzzle Activity + 
Completion Problems 
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Code Puzzle Completion Problems
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Introductory Curriculum

1. Sequential 2. Repeated 3. Parallel

4. Repeated & Parallel 5. Parallel { Repeated } 6. Repeated { Parallel }
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Hypotheses

Hypothesis I   Middle school children will demonstrate greater learning efficiency of 
programming constructs by finishing training materials in less time and successfully completing 
more near transfer tasks, when training independently using code puzzle completion problems 
compared to current best practice, tutorials.

Hypothesis II   Errors in code puzzles, commonly called distractors, will decrease learning 
efficiency by increasing middle school children’s time to complete code puzzle completion 
problems while also decreasing their ability to successfully utilize programming constructs in 
near transfer situations.

Hypothesis III   When given the freedom to choose their own informal learning resources, 
middle school children will perceive value in using code puzzle completion problems by 
expressing more interest, enjoyment, and preference towards using them compared to tutorials.



Summative Evaluation:
Hypothesis I – Are code puzzle completion problems effective?

K. J. Harms, N. Rowlett, and C. Kelleher. 2015. Enabling independent learning of programming concepts through programming completion puzzles. In 2015 IEEE Symposium on Visual Languages 
and Human-Centric Computing (VL/HCC), 271–279. https://doi.org/10.1109/VLHCC.2015.7357226 



41

Literary Search: Tutorials

“Scratch,” Scratch. [Online]. Available: https://scratch.mit.edu/.
K. J. Harms, D. Cosgrove, S. Gray, and C. Kelleher, “Automatically Generating Tutorials to Enable Middle School Children to Learn Programming Independently,” 2013.

https://scratch.mit.edu/


42

Hypothesis I

Middle school children will demonstrate greater learning efficiency of programming 
constructs by finishing training materials in less time and successfully completing more 
near transfer tasks, when training independently using code puzzle completion problems 
compared to current best practice, tutorials.
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Tutorials
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Summative Evaluation

Between-Subjects Study
Control: Tutorials

Experimental: Puzzles

27 participants (10 to 15 years)
12 Female, 15 Male

Average Age: 11.59

Minimal Programming Experience (< 3 hours)

2 hours
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Study Design
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Study Design
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Training Tasks × 6

Control: Tutorials Experimental: Puzzles



48

Study Design
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Transfer Tasks × 4 
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Hypothesis I

Middle school children will demonstrate greater learning efficiency of programming 
constructs by finishing training materials in less time and successfully completing more 
near transfer tasks, when training independently using code puzzle completion 
problems compared to current best practice, tutorials.



Training Efficiency
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Tutorials Take Longer To Complete Than Puzzles

1. Sequential
2. Repeated

3. Parallel
4. Repeated & Parallel

5. Parallel { Repeated }
6. Repeated { Parallel }

5.05
5.46

4.53
4.05

4.83

3.79

2.31

5.48

3.04
2.7

4.1 4.32

Mean Training Task Completion Time Across Training Tasks

Tutorials
Puzzles
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)

V = .75, F(6, 29) = 14.12, p < .001, η2 = .75
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Puzzles Impose More Cognitive Load Than Tutorials

1. Sequential
2. Repeated

3. Parallel
4. Repeated & Parallel

5. Parallel { Repeated }
6. Repeated { Parallel }

1

2

3

4

5

6

7

8

9

2.77
2.47

2.06 2.06
2.67

2.292.52

4.76

3.76
3.10

4.95
4.62

Mean Training Task Cognitive Load

Tutorials
Puzzles
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V = .51, F(6, 29) = 4.45, p = .003, η2 = .51



Transfer Task Performance
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Puzzle Users Performed Better on Near Transfer Tasks

Repeated Parallel Parallel { Repeated } Repeated { Parallel }

64%

74%

61% 60%

84%
90%

81%

90%

Mean Transfer Task Performance

Tutorials
Puzzles
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V = .27, F(4, 31) = 2.80, p = .043, η2 = .27





Summative Evaluation:
Hypothesis II – Do errors in code puzzles decrease learning?

Kyle James Harms, Jason Chen, and Caitlin L. Kelleher. 2016. Distractors in Parsons Problems Decrease Learning Efficiency for Young Novice Programmers. In Proceedings of the 2016 ACM 
Conference on International Computing Education Research (ICER ’16), 241–250. https://doi.org/10.1145/2960310.2960314 
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Parsons Problems & Distractors

Parsons, D. and Haden, P. 2006. Parson’s Programming Puzzles: A Fun and Effective Learning Tool for First Programming Courses.
Ericson, B.J. et al. 2015. Analysis of Interactive Features Designed to Enhance Learning in an Ebook.



Errors and Learning
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A Distractor is an Error...

??
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Hypothesis II

Errors in code puzzles, commonly called distractors, will decrease learning efficiency by 
increasing middle school children’s time to complete code puzzle completion problems 
while also decreasing their ability to successfully utilize programming constructs in near 
transfer situations.
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Formative Evaluation: What is a Distractor in a Code Puzzle?

“Unnecessary Code”

“Extra Fragments”

“Erroneous Code”

Distractors can be used to...

“illustrate a particular point”

“highlight programming principles the student may ignore”

Parsons, D. and Haden, P. 2006. Parson’s Programming Puzzles: A Fun and Effective Learning Tool for First Programming Courses.

?
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Summative Evaluation

Between-Subjects Study
Control: No Distractors

Experimental: Distractors

92 participants (10 to 15 years)
32 female, 60 male

Average age: 12.9 years

2 hours
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Study Design: Training Phase
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Study Design: Training Phase
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Study Design: Transfer Phase
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Hypothesis II

Errors in code puzzles, commonly called distractors, will decrease learning efficiency by 
increasing middle school children’s time to complete code puzzle completion problems 
while also decreasing their ability to successfully utilize programming constructs in 
near transfer situations.



Training Efficiency
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Distractors Increased Puzzle Completion Time

Parallel
Repeated

Repeated { Repeated }
Repeated { Repeated }

Repeated { Parallel }
Parallel { Repeated }

5.17
4.47

7.30

5.87

4.22

5.47

6.43

5.59

7.90

6.25
5.79

4.93

Mean Training Task Completion Time

No Distractors
Distractors
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V = .17, F(6, 81) = 2.86, p = .014, η2 = .17
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Distractor Participants Completed Fewer Puzzles Successfully

Parallel
Repeated

Repeated { Repeated }
Repeated { Repeated }

Repeated { Parallel }
Parallel { Repeated }

98% 96%

72%

83%

94%

77%78% 80%

29%

58% 60%
53%

Percentage of Participants Who Successfully Completed Each Training Task

No Distractors
Distractors
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 of
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V = .30, F(6, 81) = 5.65, p < .001, η2 = .30
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Distractors Increased Cognitive Load (Extraneous)

Parallel
Repeated

Repeated { Repeated }
Repeated { Repeated }

Repeated { Parallel }
Parallel { Repeated }

1

2

3

4

5

6

7

8

9

4.90 4.70

5.70 5.60

4.70
5.40

5.00 5.20

6.30
5.90 6.10 5.90

Mean Cognitive Load Ratings for Each Training Task

No Distractors
Distractors
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V = .21, F(6, 81) = 3.55, p = .004, η2 = .21

F(1, 86) = 6.03, p = .016, ω2 = .05



Transfer Task Performance
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No Difference in Transfer Task Performance

Parallel { Repeated } Repeated { Parallel } Repeated { Repeated }

55%

66%

43%
49%

42%
38%

Percent of Correctly Completed Transfer Tasks

No Distractors
Distractors
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 of
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V = .06, F(3, 84) = 1.78, p = .16, η2 = .06





Summative Evaluation:
Hypothesis III: Will learners be motivated to choose to use puzzles?

K. J. Harms, E. Balzuweit, J. Chen, and C. Kelleher. 2016. Learning programming from tutorials and code puzzles: Children’s perceptions of value. In 2016 IEEE Symposium on Visual Languages and 
Human-Centric Computing (VL/HCC), 59–67. https://doi.org/10.1109/VLHCC.2016.7739665 
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Hypothesis III

When given the freedom to choose their own informal learning resources, middle school 
children will perceive value in using code puzzle completion problems by expressing more 
interest, enjoyment, and preference towards using them compared to tutorials.
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Summative Evaluation

30 participants (10 to 15 years)
14 female, 16 male

Average age: 11.2 years

2 hours
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Semi-Structured Interviews

Pre-Study Interview
“How would you rate your current programming or coding expertise? why?”

...

Post-Task Interviews × 6
“Was the experience of completing the tutorial/puzzle valuable to you in any way? why?”

“Did you learn anything new or did you acquire any new skills while doing the tutorial/puzzle?”

...

Post-Study Interview
“When is it better to to use tutorials/puzzles on your own? why?”

...
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Interview Response Analysis: Categories
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High-Level Category Themes – Interrator Agreement

Cohen's κ p

High-Level Categories .95  p < .001

Decision Rationales .89 p < .001

Experience Outcomes .86 p < .001

Expected Task Difficulty .85 p < .001

Sources of Ease & Difficulty .88 p < .001
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Hypothesis III

When given the freedom to choose their own informal learning resources, middle school 
children will perceive value in using code puzzle completion problems by expressing more 
interest, enjoyment, and preference towards using them compared to tutorials.



Decisions
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Decisions: Preferred X

More Tutorials Equal Tutorials & Puzzles More Puzzles

10%

30%

60%

Instructional Format Decision Preference
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Decisions: Primarily* X

Primarily Tutorials Both Tutorials & Puzzles Primarily Puzzles

3%

73%

23%

Instructional Format Primary Decision

*( ≥ n – 1 )
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More Tutorials
Equal Tutorials & Puzzles

More Puzzles

10%

30%

60%

Instructional Format Decision Preference

Primarily Tutorials
Both Tutorials & Puzzles

Primarily Puzzles

3%

73%

23%

Instructional Format Primary Decision

Preference vs. Primary Use
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High-Level Categories

Cohen's κ p

High-Level Categories .95  p < .001

Decision Rationales .89 p < .001

Experience Outcomes .86 p < .001

Expected Task Difficulty .85 p < .001

Sources of Ease & Difficulty .88 p < .001

Enjoyment
Improve Programming Skills
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Post-Study Interview: Which do you enjoy more?

Tutorials Both Tutorials & Puzzles Puzzles

13%
7%

80%

Post-Study Enjoyment Preference Response for Instructional Format
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High-Level Categories

Cohen's κ p

High-Level Categories .95  p < .001

Decision Rationales .89 p < .001

Experience Outcomes .86 p < .001

Expected Task Difficulty .85 p < .001

Sources of Ease & Difficulty .88 p < .001

Enjoyment
Improve Programming Skills
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Decision Rationale Themes

Cohen's κ p

High-Level Categories .95  p < .001

Decision Rationales .89 p < .001

Experience Outcomes .86 p < .001

Expected Task Difficulty .85 p < .001

Sources of Ease & Difficulty .88 p < .001

Personal Preference
Improve Programming Skills
Challenge
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More Tutorials
Equal Tutorials & Puzzles

More Puzzles

10%

30%

60%

Instructional Format Decision Preference

Primarily Tutorials
Both Tutorials & Puzzles

Primarily Puzzles

3%

73%

23%

Instructional Format Primary Decision

Learners Like the Puzzles More, But Care More About the Animation

Caitlin Kelleher, Randy Pausch, and Sara Kiesler. 2007. Storytelling Alice Motivates Middle School Girls to Learn Computer Programming. In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems (CHI ’07), 1455–1464. https://doi.org/10.1145/1240624.1240844 
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Contributions

Formative Evaluations I & II:
Lessons learned from the development of code puzzle completion problems and curriculum.

Summative Evaluation: Hypothesis I
Code puzzle completion problems are efficient and effective in supporting independent learning.

Summative Evaluation: Hypothesis II
Errors in code puzzle completion problems decrease learning efficiency.

Summative Evaluation: Hypothesis III
Independent learners will choose to use code puzzles because they find them motivating and useful for 
improving their programming skills.



Future Work
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Future Work

Improving the Efficiency & Effectiveness of Code Puzzle Completion Problems
Using Worked Examples

Promoting Self-Explanation

Errors for Experienced Programmers

Extending Code Puzzle Completion Problems
Alternative Contexts

Curricular Content

Alternative Completion Approaches

Supporting Goal-Oriented Learners
Choices for Instructional Formats

Self-Directed Learning

Self-Assessment & Scaffolding
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