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The Overall Context
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Learning and Analogical Transfer of Computational Thinking
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Computational Thinking (CT)

A set of sub-skills

Computational

Thinking

Pattern 

Recognition

Decomposition

Algorithmic

Thinking
Abstraction

Introduced by Wing (2006) Debugging

Iteration



louis.bourgaux@univ-montp3.frT E 1 1 2 P S - P S YC H O LO G I E  C O G N I T I V E1 6 T H  I C L T C  – N O V E M B E R 2 5 - 2 7  - 2 0 2 4  – L O U I S  B O U R G A U X

Set of sub-skills crucial for overall problem-solving

21st-century skill and general ability

(Barr, Harrison, & Conery, 2011; Bocconi et al., 2016)

Computational Thinking (CT)
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Teaching Computational Thinking (CT)

Problem-based learning

5th Grade Classrooms
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Example

Marius needs to unlock his lock using a two-digit code. The digits

can be 0, 1, 2, or 3. However, he has forgotten the code and cannot

open the lock. Can you help Marius determine all the possible

codes he should try to ensure he finds the correct one?

0 – 0

0 – 1 

0 – 2 

0 – 3 

Solution : 2 – 0

2 – 1 

2 – 2 

2 – 3 

1 – 0

1 – 1 

1 – 2 

1 – 3 

3 – 0

3 – 1 

3 – 2 

3 – 3 

Encourage systematic strategy and algorithmic thinking
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Transfer of Knowledge

Transfer of knowledge is very important aspect in education. 

Ability to apply learned skills or concepts to new contexts, problems, or domains 

(Barnett & Ceci, 2002)
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Instructional approaches

Problem-solving

Worked-examples

Worked-examples + 

Analogy
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The present Experiment
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Example

Marius needs to unlock his lock using a two-digit code. The digits

can be 0, 1, 2, or 3. However, he has forgotten the code and cannot

open the lock. Can you help Marius determine all the possible

codes he should try to ensure he finds the correct one?

0 – 0

0 – 1 

0 – 2 

0 – 3 

Solution : 2 – 0

2 – 1 

2 – 2 

2 – 3 

1 – 0

1 – 1 

1 – 2 

1 – 3 

3 – 0

3 – 1 

3 – 2 

3 – 3 

Congruent Problem :

Semantic Congruency (Gros & Sander, 2020)
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Example

In a musical band, two musicians, Alex and Bella, each have the

ability to play four different instruments: Guitar, Piano, Drums, and

Violin. Can you list all the combinations of instruments Alex and

Bella can play together?

Solution : 

Guitar + Guitar

Guitar + Piano

Guitar+ Drums

Guitar+ Violin

Piano + Guitar

Piano + Piano

Piano + Drums

Piano + Violin

Drums + Guitar

Drums + Piano

Drums + Drums

Drums + Violin

Violin + Guitar

Violin + Piano

Violin + Drums

Violin + Violin

Incongruent Problem :

Semantic Congruency (Gros & Sander, 2020)
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Experimental Design

450 5th Graders were recruited: 

Switzerland = 10 Classes France = 11 Classes 

Problem-solving

Worked-examples + Analogy

Worked-examples

N = 200 N = 250

Teaching Congruent and Incongruent problem
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Experimental Design

Problem-solving

Worked-examples

Worked-examples + 

Analogy

1st Session :

Intervention - 1 hour

2nd Session :

Post-tests - 1 hour

Problem-Solving Task

Categorical Task
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Instructions – Condition-specific Booklet

Problem-solving

• Classical problem-solving

• No guidance

• Congruent and incongruent 

problems were presented 

sequentially
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Worked-examples

• Step-by-step explanations

• Questions to help understand the 

procedure and strategy, including 

self-explanation prompts

• Congruent and incongruent 

problems were presented 

sequentially

Instructions – Condition-specific Booklet
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Worked-examples + 

Analogy

Instructions – Condition-specific Booklet

• Congruent and incongruent 

problems were presented side by 

side along with step-by-step 

explanations

• Questions compared the two 

problems, highlighting their 

differences and similarities.
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Results
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Results – Problem-Solving Tasks

* P = .045 ~ P = .055

* P = .0245
~ P = .0726
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Results – Problem-Solving Tasks

~ P = .0874
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~ P = .0974* P = .01

* P = .045
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Results

•Worked-examples conditions tend to outperform those in the problem-

solving condition on problem-solving and categorical tasks

•WE + Analogy shows potential for better categorization and 

Incongruent problem but lack consistency
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Limits & Future explorations

• Measure Cognitive load

• Investigating the impact of longer interventions and multiple measures to 

capture the dynamic evolution of learning

• Scaffolded learning, combining the different instructional approaches

• Extending studies to middle and high school populations

• Continue to explore the WE + A
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Conclusion

• Examining unplugged and non-programming activities to foster 

the development of computational thinking in early education

• Exploring the effects of instructional methods like WE and their 

variations, such as WE+A, on learning and transfer.
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