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Figure 1: CodeToon helps users create stories and comics from code. It uses 1-to-1 mapping to make connections clear across
code, story, and comic. For example, as indicated by the dotted line, line 1 (code) maps to line 1 (story) and to row 1 (comic).

ABSTRACT

Recent work demonstrated how we can design and use coding
strips, a form of comic strips with corresponding code, to enhance
teaching and learning in programming. However, creating cod-
ing strips is a creative, time-consuming process. Creators have to
generate stories from code (coder—story) and design comics from
stories (story>comic). We contribute CodeToon, a comic author-
ing tool that facilitates this code-driven storytelling process with
two mechanisms: (1) story ideation from code using metaphor and
(2) automatic comic generation from the story. We conducted a
two-part user study that evaluates the tool and the comics gen-
erated by participants to test whether CodeToon facilitates the
authoring process and helps generate quality comics. Our results
show that CodeToon helps users create accurate, informative, and
useful coding strips in a significantly shorter time. Overall, this
work contributes methods and design guidelines for code-driven
storytelling and opens up opportunities for using art to support
computer science education.
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1 INTRODUCTION

“Computer science is a field that attracts a different
kind of thinker... they are individuals who can rapidly
change levels of abstraction, simultaneously seeing
things ‘in the large’ and ‘in the small’” [19]

Learning programming is difficult due to its abstract nature [38]:
it requires learning concepts and programming languages that have
been derived through a series of abstractions. Specifically, learning
with text-based programming languages poses a barrier for novice
learners [20, 32], as text-based programming languages rely on
symbolic representations that use a set of seemingly arbitrary rules
and abstract expressions. The compact syntax and notations are
useful for specifying precise operations but not for communicating
to learners the underlying computational ideas intuitively, unlike
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pictorial or visual representations, which can leverage real-life
scenarios to help learners understand computational concepts. As
such, novice learners are often forced to memorize the rules and
code expressions without understanding the intuitions behind the
syntax and semantics. Unfortunately, this has perpetuated an image
of computer programming as a set of abstract ideas and rules, and
computer science as an abstruse, inaccessible, and uninteresting
discipline, especially for those who struggle with abstract reasoning.

To address this, many researches looked at embodied approaches,
exploring ways to use familiar abstractions such as real-life objects,
situations, and visual representations to make computer program-
ming more concrete and accessible [18, 23, 30, 32]. Recent research
on coding strips, a form of comic strips with code, follows this line
of work by looking at comics as a vehicle. By identifying many
design variations and patterns for explaining code executions and
semantics, Suh [33] showed that comics can be a powerful medium
for visualizing computational concepts and procedures. In another
study, Suh et al. [36] tested four use cases of coding strips in an
introductory computer science course and found that coding strips
can enhance learning in various ways. For instance, one use case in-
cluded an instructor introducing code expressions with comics first
and then with code. Students appreciated this scaffolding over the
code-only approach as comics allowed them to learn the intuition
without being distracted by the syntax and rules and then pick up
code expressions in terms of familiar dialogues and actions.

Unfortunately, despite growing evidence of their usefulness,
creating coding strips remains a creative, laborious, and time-
consuming process. First, it requires creators to ideate (brainstorm)
and select stories that align with code. Second, creators need to
invest significant effort and time (and sometimes confidence in
drawing) to sketch stories in the form of comics. While Suh et
al. [38] proposed a design process and tools to help creators design
coding strips, the entire process was manual and not automated [38].
Moreover, while the related literature and previous work suggest
that making connections between code and comics obvious is criti-
cal for coding strips’ success [3, 36], no work has yet explored how
we can establish a clear mapping between code and comics.

We introduce CodeToon, a comic authoring tool that supports
this creative process with two mechanisms: (1) facilitating—through
metaphor recommendation—the ideation of code-aligned stories
and (2) automating the generation of comics from stories. Inspired
by Gentner’s structure mapping theory [16, 17] and visual narrative
grammar [12] for comics, the two mechanisms allow CodeToon
users to add code or select code examples provided by the tool, gen-
erate a story from the code, and automatically produce comics based
on the code or story while maintaining 1-to-1 mapping across them.
Our two-part evaluation of CodeToon found that this streamlined
design process allows users to quickly and easily create quality
coding strips that convey a salient connection between code and
comics. In summary, our contributions include:

e a computational pipeline that uses story ideation, auto comic
generation, and structure mapping for code-driven storytelling;

e CodeToon, a tool for code-driven storytelling where users can
efficiently transform code into story, then story into comics;

e user experiments that evaluate the authoring process and the
generated results of CodeToon.
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2 BACKGROUND
2.1 Building Ladder of Abstraction

Coding strip was inspired by the ladder of abstraction, with comic
and code representing different levels within the ladder [1, 32, 33].
Thus, we review previous work that addressed two questions for
building the ladder of abstraction: Q1: How do we conceive abstrac-
tions at different level(s), and Q2: What are design considerations?

Q1=A: Find what we can abstract over/under. In his inter-
active article Up and Down the Ladder of Abstraction [40], Bret Victor
uses variable as a control for moving up and down the abstraction
ladder. In this article, the variable is time, and a system at a par-
ticular time an abstraction; readers use a slider to change the time
(e.g., t=1 to t=2) and observe how the system (abstraction)—a car’s
trajectory—changes. He equates this interaction as moving up and
down the ladder of abstraction, explaining that all systems share
the same anatomy—an independent variable (e.g., time), structure
(the set of rules and what is controlled by the variable), and data
(environment)—and suggesting that the process of building the lad-
der of abstraction (i.e., conceiving abstractions at different levels)
consists of identifying what can be parameterized and providing
a control to explore the range of abstractions. This informed how
we should engineer story ideation (coder>story). Specifically, in
conceptualizing how we can turn code into a story, we used this
idea to explore what parts of the code can be parameterized and
used to develop stories. (Further details in Section 4.)

Q2= A:Maintain structure across abstractions. Defining ab-
straction as “a comparison in which the base domain [(e.g., code)]
is an abstract relational structure,” Gentner proposed structure
mapping theory to posit that the structure—the relations between
objects—is the most important factor when conceiving new abstrac-
tions, not the number of attributes shared between the base and
target domains or the specific content [17]. An example he gives
is: “The hydrogen atom is like our solar system.” In this example,
what makes the hydrogen atom a comparable abstraction is that
the hydrogen atom and solar system share the same relation (e.g.,
the electron REVOLVES around the nucleus, like how the planets
REVOLVE around the sun), not their object attributes (they do not
share the same object attributes, e.g., color, size, as the planets).
A related technique called concreteness fading, which introduces
an idea in multiple stages using different representations (abstrac-
tions) in decreasing concreteness, also supports this, suggesting
that maintaining the relational structure across the representations
is the key [14, 31, 37]. This design principle for layers of abstraction
inspired us to structure stories and comics to align with the code
structure.

2.2 Supporting Comic Authoring

2.2.1 Design Process & Pa[erhs. The time-consuming, laborious
nature of creating comics poses critical barriers to their use and
adoption. As a result, various approaches have been suggested. For
example, to support ideation in the design process, researchers de-
veloped design patterns and process with clearly delineated stages
to guide authors [6, 38]. Digital authoring tools have been devel-
oped to make it easier to quickly draft and iterate on the design
by offering templates (e.g., panel layout and images) users can add
to the canvas [2, 24, 35]. Our work extends prior work as our tool
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Figure 2: General framework for auto generation of comics
suggested by Zeeders [44] and our framework. In our frame-
work, content used to generate comics are code and story.
CodeToon users add content (code & story), and the system
translates it into comic description and creates a comic strip,
the graphic representation of code & story.

supports the authoring of comics (1) based on code input and (2)
introduces two new mechanisms story ideation and auto comic
generation on top of the methods mentioned above.

2.2.2 Automatic Comic Generati@ne step forward from sup-
porting a design process with authoring tools, design patterns, and
design guidance is automatically generating comics for usér2p,

47. Zeeders #4 who surveyed auto comic generation methods
suggests that, at a high-level, auto comic generation involves three
steps: (1) content creation, (2) translation of content to a comics
description, and (3) graphics creation, as shown in Fig. 2. In prior
work, the sources of content in the rst step have been a multitude
of things, e.qg., daily activity datal[l], chat sessionsqf], scripts [29,

and movies 21, 43. (Their work cannot generalize to our content
type, code, since it, unlike other data types, lacks contextual infor-
mation that can be used to form a narrative for a comic without the
user intervening to help de ne a story.) In the second step, they are
formatted into a particular format4, 44 to provide instructions

on how they should be presented graphically. The nal step is the
graphics creation stage, where either the composition or screenshot
method is used44]; the former method composites di erent im-
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years as teachers and students. Over the course of the pilot sessions,
we improved, added, and tested new features and work ows of
CodeToon (Sections 3.2 and 4) until we could observe that no ma-
jor changes are needed to enable a creative authoring experience.
Based on this pilot study, the literature on multiple representational
systems B, 8, 37], and creativity support for comics3g, we derived

the following design goals for CodeToon:

D1. Allow users to iterate on their code, story, and comic
From our pilot study, we found that the authoring process may
not be linear. While creating comics, users can be inspired by their
comics and form additional ideas to add to their story. While work-
ing on the story template, they could also think of a better story and
desire to edit code (e.g., change the value assigned to a variable).
Thus, the tool should make this interaction easy for its users.

D2. Augment, not constrain, users' creativity with our
story ideation and auto comic generation. Our pilot study re-
vealed that providing story ideas and comic templates can accelerate
the authoring process. But it also showed that some users can al-
ready have some ideas on what they want to create and how to
design their comics. Thus, the tool should not limit users to using
only story ideas and comic templates provided by the tool.

D3. Make mapping clear across code, story, and comic. Re-
search suggests that making the correspondence explicit and consis-
tent is essential when presenting multiple representatioB$,[37].
Otherwise, they do more harm than good because they only con-
fuse people. For us, this means that the mappifig) (between code,
story, and comic should be clear. Previous research on coding strip
also found that the mapping between code and comics needs to be
clear for it to be e ective and useful [36].

D4. Use simple, scalable visual vocabulary. Scalability relies
on having a set of basic building blocks that can be combined to
build anything of varying complexity (cf. the composition method
in Section 2.2.2). A set of building blocks in visualizations is called
visual vocabulary. To generate comics that can scale to any code
input, establishing a simple, scalable set of comic templates that
can be easily combined to express any set of code is necessary.

As a whole, our design goals aimed to create a “low oor, high
ceiling' system for generating coding strips. That is, a system that

ages (e.g., character, background, speech bubble) to create a scengakes the process of creating coding strips simple, e ortless, and
for panels, the latter embeds existing scenes (e.g., screenshot ofeasy, while providing a high ceiling for creative exploration.

movie scenes) into panels. As we will explain, our work leverages
the composition method to generate comics automatically. Overall,
our work extends research in this area by demonstrating how we
can auto generate comics from a new content type, code.

3 CODETOON

3.1 Design Goals
To develop CodeToon, we rst conducted a pilot study with 12

3.2 User Interface

CodeToon consists of three panels: code (Fig. 3B), story (Fig. 3D),
and comic (Fig. 3E). Users can select any layout button (Fig. 3H) to
change which panels are shown. The default layoBoth ) shows

all three panels (Fig. 3), th&tory layout code and story panels, and
the Comiclayout the drawing canvas. The layout feature allows
users to customize the workspace the number and layout of the

participants. Two participants (age: M=44.5; gender: 1F, 1M) were Panels for an optimal experience.

teachers with 5+ years of experience teaching programming; ten

other participants (age: M=27.9; gender: 5F, 5M) were undergradu-

The three panels represent stages in the design process for cre-
ating a coding strip Bg. Concretely, the basic work ow consists

ate and graduate students with varying teaching experience (6 0-1 Of users (1) adding code in the code panel (Fig. 3B), (2) generating
year, 2 1-3 years, 1 5+ years). We chose teacher and student partici-2 Story template (from the code) and writing a story in the story
pants highly experienced in programming (11 Much Experience, 1 Panel (Fig. 3D), and (3) using the auto comic generation feature to
Some Experience) as opposed to participants without programming instantly generate comic in the comic panel (Fig. 3E). Below, we
experience in order to harness the insights they picked up over the describe each panel and how they facilitate this work ow.
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Figure 3: System interface: (A) drop-down allows users to check potential code examples for basic programming concepts, (B)
code container, (C) button that generates story template from code in code container, (D) story template, (E) drawing canvas
for comics, (F) tool palette, (G) style palette, and (H) buttons for changing the interface layout (between code & story, current,

or canvas-only layout).

Figure 4: Users can add code by selecting code example (b)
or by typing (c).

Figure 5: Users can add story (to story template) by selecting
a list of ideas in dropdown (b) or by typing into input box.

3.2.1 Codéen the code panel (Fig. 3B), users can add any number
of programs, each within a di erent code container. As shown in

3.2.2 StoryWhen a user generates a story template, it is added to
the story panel, which is initially an empty panel. Fig. 3D shows
what the user would see when a story template is added. Story
templates are linguistic representation of the code, with input boxes
where users can add real-life equivalents for the code expressions.
For instance, the code expressian= 10 generates

(Fig. 5(a-b)) as its story template. Now, a user canalddm clock

to ,saysto ,andl10 o'clock to . Asshown in Fig. 5(b),
CodeToon provides a dropdown containing a list of metaphors to
help users brainstorm story ideas. The dropdown does not appear
for every input box, however. At the time of testing, it appeared
only on input boxes mapped to variables (exd.and assignment
operators §). The dropdown for the former showed a list of 345
categories (e.g., apple, car) and that of verbs synonymous with
or semantically close or related with the semantics of assignment
operator (e.g., assign, has) for the latter. While dropdowns appear
to help users with story ideation, they do not have to form their
stories around these suggestions; they can type any text into the
input box to create any story[2).

3.2.3 ComicAs shown in Fig. 6, a user can instantly generate a

Fig. 4, users can add the code to the container by using the code comic (Fig. 3E) by selecting any of the two arrow icons énd )

example repository (Fig. 3A) or manually typing into the code
container. There are two buttons in the top right corner of the
code panel for adding ( ) and deleting () code containers. The
ability to add additional code containers was added during the
pilot phase to make it easy for users to iterate on their code, story,
and comic D1). After the user adds code, they can press a button
(Fig. 3C, ) to generate a story template (Fig. 3D) from code.

below the trash can icon . The reason for the two arrows is to

o erusers the exibility to expand to the right or below the existing

drawings. If users change the story, they can press the update icon
(below the arrow icons) to instantly update the content of the

auto generated comic to re ect these changes, making iterative

design of their story and comic frictionles®(). While users can

use the auto comic generation feature to instantly generate comics
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