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Teaching kids to code is the next frontier
in 21st Century education A computing revolution in schools
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Japan Makes Coding Mandatory for All Students
Starting in Elementary School — o
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Teaching coding in Canadian schools: How do the
| provinces measure up?
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China Pushes Coding ‘ » England's new computing curriculum
Tackle Innovation Gap 3

From the start of the new term, children as young as five will be
learning programming skills in the classroom
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A youngboy learns to code at the Tarena Learning Center in Befling. 1ec

A Coding is on the curriculum for primary and secondary school pupils in the UK. Photograph: Alamy




Programming remains difficult to master because

it involves concepts and procedures that are abstract




Learning Goncepts in Programming

“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 Procedures 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



Making Abstract More Goncrete with Comics

= The sequential nature of the medium and its ability to express complicated
concepts and procedures through vlsual storytelling provide reasons to

believe that it can be an RIS
effective medium
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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
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def how_many_in_line (num_of_people):

if num_of_people == 0:
return 0 (b)

else:

abstract

return 1 + how_many_in_line (num_of_people - 1) (c)

(a)

how_many_in_line (4) (a)
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How do we design it?

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






= Hands-on activities (e.g., CS Unplugged)
= Block-based / Tangible programming languages

= Storytelling (e.g., Storytelling Alice)
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= Visualization tools (e.g., Python Tutor)

Python 2.7 Frames Objects
def listSum(numbers): Global frame function
if not numbers: ] listSum(numbers)
ceturn: 0 listSum
else: myList tuple
(f, rest) = numbers Y |7
9 L 3 None
o return f + listSum(rest) listSum y
< numbers
myList = (1, (2, (3, None)))
total = listSum(myList) fl1
rest / /
>
listSum
numbers
f |2
< Back | Step 11 of 22 | Forward > /
rest | ®

Visualized using Python Tutor by Philip Guo



Making More Goncrete with
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Design Process & Tools




Design Process & Tools

Overview & Detail

Y
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This pattern starts with a potentially complex
and detailed visualization in a single panel
(overview panel). Consequent panels (detail
panels) will refer to this visualization and
explain details important for the story. This
pattern builds a global view of events which
helps readers to have an overall picture
of events; a general development path or
space distribution. However, if the overview
visualisation is extremely complex for the
audience, it may bring understanding burdens

feeling of overwhelming.
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Figure 8. Data-Comics workshop: (left) designing with pattern cards,
(right) storyboarding with post-its.
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Figure 9. Data-Comic from the workshop: (left) annual water consump-
tion (OXudong Jiang, Yi He), (right) how long students sit (©OYuchen Ye,
Wengi Cai).




Methodology



Methodology

e Phase 1. Develop Design Process & Tools

e Phase II. Evaluate through Design Workshops



» Step 1. Identify main programming concepts

TABLE I: Concepts used in our study. Bolded are the concepts
that workshop participants chose for their coding strips.

Comsiues  guciire,  Algortms PP
Variable Array Selection Sort Greedy
Boolean Linked List Insertion Sort Divide & Conquer
Condition Queue Merge Sort Recursion

Counted Loop Stack Bubble Sort
Conditional Loop Tree Linear Search
Function Graph Binary Search

Dictionary




» Step 2. Design coding strips for concepts
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» Step 3. Identify process & support (tool) required



Design Process
» Step 3. Identify process



Design Process
» Step 3. Identify process

Concept
Formulation

“identify ideas
Goal behind
a given concept”

“loop is used to
repeat sth. until
Example certain
condition is
met”



Design Process
» Step 3. Identify process

Stage Concept Story
Formulation Development
“identify ideas “develop stories
Goal behind to explain
a given concept” the ideas”
« . “Henry
loop is used to 4
repeat sth. until ate captn
Example certain crunch cereal

condition is for 1}? Olldays as
met” a challenge



Design Process
» Step 3. Identify process

Concept Story Create
Stage . _— ., _
Formulation Development Comic
“identify ideas “develop stories “sketch out the
Goal . behind to explain story in the
a given concept” the ideas” form of comic”
“loop is used to Henr;:
repeat sth. until ate captn
Example certain crunch cereal
condition is for 100 days as
met” a challenge




Design Process
» Step 3. Identify support (tool) required

Concept Story Create
Stage . _— ., _
Formulation Development Comic
“identify ideas “develop stories “sketch out the
Goal behind to explain story in the
a given concept” the ideas” form of comic”
Task Ideation Ideation Ideation
(Brainstorm for ideas) (Brainstorm for stories) (Brainstorm for designs)
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Design Process
» Step 3. Identify

support (tool) required

Story
Development

Create
Comic

“develop stories
to explain
the ideas”

“sketch out the
story in the
form of comic”

Concept
Stage Formulation
“identify ideas
Goal behind
a given concept”
Tool Trigger Cards

(Brainstorm for ideas)

Scenario Cards

(Brainstorm for stories)

Design Cards

(Brainstorm for designs)

UNIVERSITY OF
WATERLOO



» Step 4. Create supporting tools

Stage Concept 5 5 i B B

- Trigger Trigger Trigger Trigger Trigger
Form ulatlon cards cards cards cards cards
What things can we What things can we What things can we What things can we What things can we
talk about for this talk about for this talk about for this talk about for this talk about for this
concept? concept? concept? concept? concept?
What is its Can you say it What do you How would Does this concept
2 . 2 . . . have visualization?
purpose? differently? think will you explain :
. . Can we replace it
happen if you thistoa with other things
What if you focus on How else would you don’t have five-year-old? (e.g., characters)?
presenting its call this? this?

purpose?

Q E? R N\ 222

Tool 16 trigger cards



» Step 4. Create supporting tools
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» Step 4. Create supporting tools

=)
Comic © @ B Eg

Explanation Selection

Stage

Sequence

lHlustration

How can you explain? How do you illustrate
selection?

How do you illustrate
sequence?

Counted
Repetition

Narration-based

Explanation What-If

Visualization

Tool 30 design cards



» Step 4. Create supporting tools

Concept
Formulation

Tool

Story
Development

Comic
lllustration

design board

Concept

1 Trigger Cards & Ideas
o L

2 Scenario Cards & Ideas

0 I

3 Story & Code
(&) @]

Group
5 Coding Strip

&

4  Design Patterns & Ideas
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Concept Group
5 Coding Strip

1 Trigger Cards & Ideas &
o v

2 Scenario Cards & Ideas

Q I

3 Story & Code 4 Design Patterns & Ideas
2] o o




Concept Group
5 Coding Strip

1 Trigger Cards & Ideas &
o v

Concept
Formulation

2 Scenario Cards & Ideas

Q I

3 Story & Code 4 Design Patterns & Ideas
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Concept Group
5 Coding Strip

1 Trigger Cards & Ideas &
o v

Concept
Formulation

2 Scenario Cards & Ideas

Q I

3 Story & Code 4 Design Patterns & Ideas
2] o o




Concept Group
5 Coding Strip

1 Trigger Cards & Ideas &

o 0

Concept
Formulation

2 Scenario Cards & Ideas

Q 0
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Story
Development = |

3 Story & Code 4 Design Patterns & Ideas
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Concept Group
5 Coding Strip
1 Trigger Cards & Ideas &
o v

Concept
Formulation

2 Scenario Cards & Ideas

o L
Gl L)
Story
Development = | I
3 Story & Code 4 Design Patterns & Ideas
& ] v

If bob lean has IF sleep == true:
St o ry 't o -C o d e clept previous go_to_school()
> night, he goes to elce:

Mappi ng cchool. IF he don't_go()

didw't, he doesn't.




Concept Group
5 Coding Strip
1 Trigger Cards & Ideas &
o v

Concept
Formulation

2 Scenario Cards & Ideas

o L
Gl L)
Story
Development = | I
3 Story & Code 4 Design Patterns & Ideas
& ] v

IF bob lean has

IF sleep == true: —l
Story-to-Code clpt pravious A = -
—

night, he goes to

elce:
H cchool. IF he don’t_go()
Mapping | |




Concept
Formulation

Story
Development

Story-to-Code
Mapping

Concept

1 Trigger Cards & Ideas

0 L

3 Story & Code
&3] @]

IF bob lean has IF sleep == true:

clept previous go_to_school()
night, he goes to else:
cchool. IF he dont_go()

didnt, he doecn't.

Group
Coding Strip

4
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Methodology

e Phase 1. Develop Design Process & Tools

e Phase II. Evaluate through Design Workshops



Methodology

e Phase 1. Develop Design Process & Tools

e Phase II. Evaluate through Design Workshops



Design Workshops (W1 & W2)

=  Wi: Undergraduate and graduate students el Puration

= 13 participants (5M, 8F; age: 17-29, mean 21) Consentform o min
= W2: High school computer science teachers Pre-study survey 5 min

= 6 participants (2M, 4F) Songonq | o n 10 min

= 2 artists 0 min) Warm-up: sketch 10 min

Warm-up: story to code | 10 min

Design session #1 50 min

Break 15 min

Design session #2 50 min

S(S(S)Srigif;f Discussion 35 min

Post-study survey 5 min



Design Workshops (W1 & W2)

Description Duration
Consent form 5 min
K = 3 Pre-study survey 5 min
= String[ ] lilypad = ["green", "green", "green",
BEn "rock", "green”, "red"]; Presentation 10 min
— > Session 1
o . . . (90 min) .
While ( lilypad [i] != red) { Warm-up: sketch 10 min
- = frog.jump();
— = —— !D if (lilypad[i] == "rock" ) { Warm-up: story to code 10 min
el ! frog.confused();
=0 "~ TS araf : . Desi ion #1 50 min
N ~ Design session #1
= (=~ = A frog.jump();
. Break 15 min
P __ - -~ & 1++;
e = = A &8
- - -
Design session #2 50 min
Session 2 Discussion 35 min
(90 min)

Post-study survey 5 min



Design Workshops (W1 & W2)

Sketch Practice (3 min)

Draw 4-panel comic about any event that
happened to you this week

Sketch Practice (20 sec)

Sketch Practice (20 sec)

Sketch Practice (20 sec)
Lo/ ] o \eo/

Sketch Practice (30 sec)

) )

i o

Session 1
(90 min)

Session 2
(90 min)

Description

Consent form

Pre-study survey

Presentation

Warm-up: sketch

Warm-up: story to code

Design session #1

Break

Design session #2

Discussion

Post-study survey

Duration

5 min

5 min

10 min

10 min

10 min

50 min

15 min

50 min

35 min

5 min




Design Workshops (W1 & W2)

Description Duration
Consent form 5 min
Story to Code: Cinderella
e Prince went around the whole H
kingdom, checking the feet of Pre-StUdy SUrVey 5 min
every girl until he found
Presentation 10 min
Story to Code: Cinderella Session 1
e Before Cinderella went to the (90 mm) .
ball, Godmother (fairy) changed Warm-up: sketch 10 min
Cinderella’s whole outfit.
Warm-up: story to code 10 min
Story to Code: Cinderella ] ] ]
Design session #1 50 min
e At the ball, Cinderella had to while ( time <12:00 AM) {
check the time constantly when W 0
dancing with Prince. She had to cinderella.dance( ), .
leave before 12:00 AM. ) Break 15 min
cinderella.leave();
Design session #2 50 min
Concept: Conditional loop Session 2 Discussion 35 min
(90 min)

Post-study survey 5 min



Design Workshops (W1 & W2)

Description Duration
Group -!
. Coding Strip
1 ‘ Consent form 5 min
Pre-study survey 5 min
Presentation 10 min
Session 1
(90 min) .
Warm-up: sketch 10 min
Warm-up: story to code 10 min
Design session #1 50 min
Break 15 min
Design session #2 50 min
Session 2 Discussion 35 min
(90 min)

Post-study survey 5 min



esign Workshops (W1& W2)

Description Duration
Bl cosgsen % / g . Consent form 5 min
7 |
Pre-study survey 5 min
[
Presentation 10 min
Session 1
(90 min) .
Warm-up: sketch 10 min
Warm-up: story to code 10 min
Design session #1 50 min
Break 15 min
Design session #2 50 min
Session 2 Discussion 35 min
(90 min)

Post-study survey 5 min




Design Workshops (W1 & W2)

. . Description Duration
= Discussion
. . . Consent form 5 min
= Use case scenarios for learning & teaching
. . Pre-study survey 5 min
= Suggestions for design process & tools
Presentation 10 min
» Post-study survey Session 1
(20 min) Warm-up: sketch 10 min
= Effectiveness of design process & tools
. . . Warm-up: story to code 10 min
= Perceived usefulness of coding strip
Design session #1 50 min
Break 15 min
Design session #2 50 min
Session 2 Discussion 35 min

(90 min)

Post-study survey 5 min






. . . Description Duration
= Participants found the design process and tools useful P
Consent form 5 min
= Participants found designing coding strip engaging Pre-study survey 5 min
Presentation 10 min
Session 1
= Participants did not need much help from the artists BOmMIN \arm-up: sketch 10 min
Warm-up: story to code 10 min
Design session #1 50 min
Break 15 min
Desiagn session #2 50 min
Session 2 Discussion 35 min
(90 min)

Post-study survey 5 min



=  “How many ideas was each card able to help generate?”

Concept Story Comic
Formulation Development lllustration
1.6 ideas per card 1.4 ideas per card
# of trigger cards # of scenario cards # of design cards
M=4.2 SD=1.7 M=3.6 SD=1.7 M=5.2 SD=2.4
# of ideas # of ideas

M=6.7, SD=2.9 M=5, SD=1.7



=  “How many ideas was each card able to help generate?”

Concept Story Comic
Formulation Development lllustration
1.6 ideas per card 1.4 ideas per card
# of trigger cards # of scenario cards # of design cards
M=4.2 SD=1.7 M=3.6 SD=1.7 M=5.2 SD=2.4
# of ideas # of ideas

M=6.7, SD=2.9 M=5, SD=1.7



=  “How many ideas was each card able to help generate?”

Concept Story Comic
Formulation Development lllustration
1.6 ideas per card 1.4 ideas per card
# of trigger cards # of scenario cards # of design cards
M=4.2 SD=1.7 M=3.6 SD=1.7 M=5.2 SD=2.4
# of ideas # of ideas

M=6.7, SD=2.9 M=5, SD=1.7



Perceived Utility for Learning & Teaching

= Both teachers and students want to learn with coding Description Duration
Stl'ip Consent form 5 min
Pre-study survey 5 min

=  While teachers want to teach with coding strip,

Presentation 10 min
o o Session 1
students are divided (90 min) .
Warm-up: sketch 10 min
Warm-up: story to code 10 min
Design session #1 50 min
Break 15 min
Design session #2 50 min
Session 2 Discussion 35 min
(90 min)

Post-study survey 5 min



= Analysis of 18 coding strips revealed 3 panel-to-execution mapping patterns
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. . . Description Duration
= Design activity
. Consent form 5 min
= Instruction
. Pre-study survey 5 min
= Complementary resource in textbooks
. . Presentation 10 min
= Coding exercise Session 1
(20 min) Warm-up: sketch 10 min
= write code based on the presented
. Warm-up: story to code 10 min
COomics
Design session #1 50 min
Break 15 min
Desiagn session #2 50 min
Session 2 Discussion 35 min

(90 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



= 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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