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Motivation





Programming remains difficult to master because 

it involves concepts and procedures that are abstract



L. M. Giraffa, M. C. Moraes, and L. Uden, “Teaching object-oriented programming in first-year undergraduate 
courses supported by virtual classrooms” 

“in learning programming, [students] need to 

imagine ... many abstract terms that do not have 

equivalents in real life: how does a variable, a data 

type, or a memory address relate to a real-life object?” 

Learning Concepts in Programming



Procedures in computing are often presented as an abstraction 

(e.g., loop), i.e., without showing the steps and thereby obscuring 

and making the procedures abstract for novice learners

Learning Procedures in Programming



▪ The sequential nature of the medium and its ability to express complicated 
concepts and procedures through visual storytelling provide reasons to 
believe that it can be an 
effective medium 

Making Abstract More Concrete with Comics



Limitation with Comics for CS Education
▪ While there have been several comic books for CS education, they are formatted as 

storybooks without correspondence to code

▪ This misses out on the opportunity for students to transfer what they learn to 
traditional text-based programming



Coding Strip

abstract

concrete



Coding Strip
def func(x):
  if x == 0:
     return 0
  else:
     return 1 + func (x - 1)

abstract

concrete

How do we design it? 

In what ways can it be used to support 
teaching and learning of programming concepts?



Related Work



Making Programming More Concrete

CS Unplugged

▪ Hands-on activities (e.g., CS Unplugged)

▪ Block-based / Tangible programming languages 

▪ Storytelling (e.g., Storytelling Alice)



▪ Visualization tools (e.g., Python Tutor)

Guo, P., Online Python Tutor: Embeddable Web-Based Program Visualization for CS Education

Making Programming More Concrete



Making Abstract More Concrete with Comics

Data-driven storytelling Design patterns 
for data comics

Authoring tool 
for data comics

Bach et al, Data comics. 



Design Process & Tools

Mora, Simone, Francesco Gianni, and Monica Divitini. Tiles: a card-based ideation toolkit for the internet of things.



Design Process & Tools

Bach et al, Design Patterns for Data Comics.



Methodology



Methodology 
● Phase I. Develop Design Process & Tools

● Phase II. Evaluate through Design Workshops



Design Process
▪ Step 1. Identify main programming concepts



Design Process
▪ Step 2. Design coding strips for concepts 
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Design Process 
▪ Step 3. Identify process & support (tool) required
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behind 
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Story 
Development
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Create
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Ideation Cards
▪ Step 4. Create supporting tools
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Ideation Cards
▪ Step 4. Create supporting tools
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Ideation Cards
▪ Step 4. Create supporting tools

Comic
Illustration

Stage

“sketch out 
stories in the 

form of comic”
Goal

Task Brainstorming

Tool 30 design cards



Design Board
▪ Step 4. Create supporting tools

Concept 
Formulation

Story 
Development

Comic
Illustration

Tool design board
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Design Workshops (W1 & W2)
▪ W1: Undergraduate and graduate students 

▪ 13 participants (5M, 8F; age: 17-29, mean 21)

▪ W2: High school computer science teachers

▪ 6 participants (2M, 4F) 

▪ 2 artists

Description Duration

Session 1
(90 min)

Consent form 5 min

Pre-study survey 5 min

Presentation 10 min

Warm-up: sketch 10 min

Warm-up: story to code 10 min

Design session #1 50 min

Break 15 min

Session 2
(90 min)

Design session #2 50 min

Discussion 35 min

Post-study survey 5 min



Design Workshops (W1 & W2)
Description Duration

Session 1
(90 min)

Consent form 5 min

Pre-study survey 5 min

Presentation 10 min

Warm-up: sketch 10 min

Warm-up: story to code 10 min

Design session #1 50 min
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Session 2
(90 min)

Design session #2 50 min

Discussion 35 min

Post-study survey 5 min

String[ ] lilypad = ["green", "green", "green", 
"rock", "green", "red"];
 
While ( lilypad [i] != red) {
       frog.jump();
       if ( lilypad[i] == "rock" ) {

frog.confused();
frog.jump();

       }
       i++;
}
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Design Workshops (W1 & W2)
Description Duration

Session 1
(90 min)

Consent form 5 min

Pre-study survey 5 min

Presentation 10 min

Warm-up: sketch 10 min

Warm-up: story to code 10 min

Design session #1 50 min

Break 15 min

Session 2
(90 min)

Design session #2 50 min

Discussion 35 min

Post-study survey 5 min

▪ Discussion

▪ Use case scenarios for learning & teaching

▪ Suggestions for design process & tools

▪ Post-study survey

▪ Effectiveness of design process & tools

▪ Perceived usefulness of coding strip



Results



Effectiveness of Design Process
▪ Participants found the design process and tools useful 

(M=4.1, SD=0.8 for W1, and M=4.2, S=0.8 for W2)

▪ Participants found designing coding strip engaging 

(M=4.2, SD=1 for W1 | M=4.3, SD=1 for W2)

▪ Participants did not need much help from the artists

Description Duration
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Warm-up: sketch 10 min

Warm-up: story to code 10 min

Design session #1 50 min

Break 15 min

Session 2
(90 min)

Design session #2 50 min

Discussion 35 min

Post-study survey 5 min
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Perceived Utility for Learning & Teaching
▪ Both teachers and students want to learn with coding 

strip 

(5 “yes”, 1 “not sure” for teachers; 10 “yes”, 2 “no” for students) 

▪ While teachers want to teach with coding strip, 

students are divided

(5 “yes”, 1 “not sure” for teachers; 6 “yes”; 7 “not sure” for 

students)

Description Duration

Session 1
(90 min)

Consent form 5 min

Pre-study survey 5 min

Presentation 10 min

Warm-up: sketch 10 min

Warm-up: story to code 10 min

Design session #1 50 min

Break 15 min

Session 2
(90 min)

Design session #2 50 min

Discussion 35 min

Post-study survey 5 min



Panel-to-Execution Mapping
▪ Analysis of 18 coding strips revealed 3 panel-to-execution mapping patterns 

1-to-many many-to-11-to-1



▪ Design activity

▪ Instruction

▪ Complementary resource in textbooks

▪ Coding exercise

▪ write code based on the presented 

comics

Use Case Scenarios
Description Duration

Session 1
(90 min)

Consent form 5 min

Pre-study survey 5 min

Presentation 10 min

Warm-up: sketch 10 min

Warm-up: story to code 10 min

Design session #1 50 min

Break 15 min

Session 2
(90 min)

Design session #2 50 min

Discussion 35 min

Post-study survey 5 min



▪ The proposed design process and tool appear to be effective at supporting the 

design of coding strip

▪ Teachers and students are interested in using coding strip for learning and 

teaching

Summary



Future Work
▪ Develop authoring tool to facilitate the production of coding strips

▪ Explore how our design process and tools can generalize to work with 

concepts from other domains (e.g., machine learning, data science, etc.)
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