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GAMIFYING ORIGAMI - RULE-BASED [IMPROVISATION FOR DESIGN
EXPLORATION

Abstract

Origami, which originated as a folding paper game in Japan, has turned into a source of learning and
inspiration for design and engineering studies. Complex two-dimensional patterns of origami sustain
visual rules of space transformation. So, this paper proposes to gamify origami to get users more involved
in the design space exploration process. For the gamification of origami, the study alters the origami
patterns in a 3D modular composition with rules, scoring, and rounds in a design context. Gamifying
origami becomes a tool for a learning experience for first-year architecture students in the early design
phases. Accordingly, this paper presents a gaming experience model based on origami for the foundation
studios. This model consists of three main stages: start, rounds, and finish. The teaching of the model is
the mereological relationship providing continuity concerning improvisations with visual rules. The reward
is the model complexity, such as folding numbers, and regular or modified folding. The penalty is losing
scores if the continuity is not maintained. The presented experience model is performed twice in the
foundation studios. The former is for understanding how much preliminary knowledge is required for the
first-year students to grasp and complete the game. The second is for testing the experience. The results of
the study prove the role of visual reflection-on/in action by creating pauses during the origami design and
the importance of sustaining the visual inference with transformations between individuals to experience
form to formation, complexity, unity, and creativity in origami design. This study would contribute to the
literature on experimental methods for design pedagogy.
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ABSTRACT

Origami, which originated as a folding paper game in Japan, has turned into a source of learning and
inspiration for design and engineering studies. Complex two-dimensional patterns of origami sustain
visual rules of space transformation. So, this paper proposes to gamify origami to get users more
involved in the design space exploration process. For the gamification of origami, the study alters
the origami patterns in a 3D modular composition with rules, scoring, and rounds in a design context.
Gamifying origami becomes a tool for a learning experience for first-year architecture students in the
early design phases. Accordingly, this paper presents a gaming experience model based on origami
for the foundation studios. This model consists of three main stages: start, rounds, and finish. The
teaching of the model is the mereological relationship providing continuity concerning improvisations
with visual rules. The reward is the model complexity, such as folding numbers, and regular or
modified folding. The penalty is losing scores if the continuity is not maintained. The presented
experience model is performed twice in the foundation studios. The former is for understanding how
much preliminary knowledge is required for the first-year students to grasp and complete the game.
The second is for testing the experience. The results of the study prove the role of visual reflection-
on/in action by creating pauses during the origami design and the importance of sustaining the visual
inference with transformations between individuals to experience form to formation, complexity,
unity, and creativity in origami design. This study would contribute to the literature on experimental
methods for design pedagogy.

Keywords: origami, folding, design exploration, gaming experience, visual rules.
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1. INTRODUCTION

Today, origami began as a figurative folding paper game and has turned into an architectural
and engineering discipline. Thanks to its compliant mechanical and structural layouts, origami
offers innovative solutions for functional use in engineering problems. The layouts that answer
these innovative solutions are mainly based on regular patterns, such as Miura-ori, Ron Resch,
and Waterbomb. These regular patterns are widely preferred in existing and emerging literature
due to the ease of making two-dimensional patterns and the association of the two-dimensional
patterns with three-dimensional free forms through their geometric configuration. These patterns,
such as in Figure 1, are repetitively used in early design processes of architecture as well.
However, the students, who choose to work with origami in a design process, find it challenging
to engage with well-defined origami patterns in a situated and dynamic early design process.
Although the design problems are ill-defined and iteratively re-structured throughout the process,
the lack of ability to understand and manipulate the complex geometry of regular patterns limits
the designers’ action parallel to design decisions. Consequently, the resulting designs are limited
to the exact copy of the same patterns and poorly adapted to the design context. Beyond copying
the same pattern formally, each origami pattern’s underlying rules promise to extend the design-
space exploration in an early design process.
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Fig.1: Bauhaus foundation course exercise (source: Gjerde, 2017).

Vyzoviti (2003), Gjerde (2017), and Megahed (2017) studied with architecture students
using origami as a source of inspiration for design applications. However, this study questions
how to incorporate the visual rules behind origami patterns in early design phases to obtain new
forms beyond repetitive patterns. To integrate the catalogue of visual rules into the activity of
folding, this study proposes gamification as a design method. Gamification refers to the use of
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game design elements such as scoring, levels, and rules in non-game contexts (Deterding, 2012).
In this study, we bring gamification with an aim to get users more involved in the origami design
space exploration process. To do this, we propose to change the experience of complex origami
patterns through simple origami modules, rules, scoring, and rounds in a design context. Although
it is an easy start to use the above-stated repetitive geometric patterns, the difficult part of this
process is breaking the pattern organization if needed. To do this, it is essential to capture the rules
that govern patterns’ geometric configuration. The rules are the relations between visual design
elements such as fold lines and edges, the relations between this visual composition, and the
affordances of three-dimensional configuration. Capturing, externalizing, and manipulating the
visual rules set the play, improvisation, and exploration.

The objectives of forming a situated bottom-up process from a small starting module with
visual rules vs. adapting a structurally complex form had been defined thus:

e Experiencing co-creation of a holistic, consistent, new design product with unpredictable
results.

e Describing / externalizing / evaluating what is produced in the process and enabling the
student to discover new ideas and ways of doing.

e Seeing the possibilities of actions by doing together as a group enriches the design space,
students’ experience, and learning.

The significance of the aforementioned objectives for education has been defined thus:

learning by doing

learning by each other

reflection in-on action

idiosyncratic expression through sensory experience

externalizing individuals’ sensations through rule-based expression

taking advantage of uncertainty

shifting from form to formation

retrospective thinking

reverse engineering

Moreover, its significance for the basic design has been defined thus:

The importance of visual rule-based composition in design-space exploration

mereological relationship

seed-motif-pattern

continuity

boundary, inner-outer

volumetric and spatial transformation

O O O O e e

2. BACKGROUND

Paper folding has been widely used in the education context. Fredrich Froebel is the most
recognized pedagogue who adopted paper folding to enhance kindergarten students’ self-
expression, social participation, creativity, and motor skills. He formulated three-category of
exercises: The first one, “folds of truth,” aids the students with the basics of geometrical principles;
the second category, which is called “folds of life,” consists of figurative models; The final
exercise, named “folds of beauty,” are based on manipulating the learned figurative model for a
new creation (Fiol et al., 2011). Froebel teaches abstract concepts by showing students how to use
them first-hand in action, then scaffolds students with figurative models; lastly, he asks them to
apply these concepts in free will to form their own creations. Another notable teacher, Josef Albers
in Figure 2, asks students for open-ended experimenting and spontaneous playful tinkering with
paper through folding as the initial exercise of the Bauhaus preliminary course (Barker, 2011).
Folding paper, Moholy-Nagy (1938) declares as one of the means of the method of Bauhaus is to
keep in the work of grown-up the sincerity of emotion, the truth of the observation, fantasy, and
creativeness of the child. While the Bauhaus model emphasizes the individuals’ idiosyncratic
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perception and sensation experience for creativity, they teach to externalize and regulate their
sensations, and perceptions through visual and other forms of expressions. These rule-based
expressions, in turn, teach students how to interpret things in relation, how to focus the parts’
relation to the whole, and how to abstract the whole in different forms. As Barker (2011) states,
the objective within Albers’s Vorkurs was not to create finished works of art but was how to design
and explore the duality and latent potential of materials. Moreover, externally expressing students’
exploration is critical to furtherlng their design exploratlon

Faa F
A Y
P Y A
Fig.2: Josef Albers and Volkurs (source: Wingler, 1978).

The expression of origami art and externalization of its production process is always a part
of origami when one needs to transfer knowledge. Robert Lang, who designs very complex
origami figures, makes the calculation of these intricate patterns with his software and brings
origami as a solution to many engineering and science applications. Lang (2011) depicts the basic
origami actions (such as valley-mountain fold, fold point to point, pleat fold, fold and unfold,
repeat the previous step, pinch, rotate, turn over, fold inside, inside reverse fold, sink a corner,
inside crimp fold, rabbit ear fold); He uses them to diagram the production process of figurative
designs in his publications. These expressions are aimed to use for producing a final product. The
novice designers cannot transform and modify these steps and go outside of the boundary of a pre-
defined product. However, Jackson (2011) proposes to depict the techniques and strategies for
transforming one’s action, instead of the production of final figures. In other words, he expresses
not the form but the formation by showing the continuity between each folding action with visual
rules. When we go back to the method of Froebel, we can say that Lang’s focus is on the “folds of
truth” and “folds of life”, Jackson centers on the method for “folds of beauty”. From a designer
perspective, Jackson presents folding techniques by discussing how a single sheet of paper can
transform into distinct formal expressions that can be used by designers. On the other hand,
prominent researchers, such as Demain et al. (2011), tightly engage in the mathematics of origami
regarding 3D transformations of folding types. These studies are significant in understanding
relative relations and formations among the fold lines and surfaces during deployment.

Based on this background study and our teaching experience at Istanbul Technical
University, we deduce the importance of first-hand experience (1), self-expression (2), self-
reflection on action (3), and abstraction of regulating rules based on reflections (4) both for the
unity and the creativity of origami designs. Moreover, we observed that peer learning is another
factor to enhance the students’ experience. To bring the aforementioned factors and strategies into
experiencing origami design, we find a solution to gamify origami activity.
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To experience origami design as a situated formation process:

e We propose to play origami as a modular step-by-step game.

e We offer a digestible origami module by starting with a simple pattern and asking students to
depict the pattern with visual rules.

e We asked students to pause in each action; depict each module production with visual rules.

To enrich the design space and students’ experience and to arrive at unity and complexity:
e Wwe asked students to observe the depiction and 3D module production of another student.

e We demanded to add a new module by transforming the other students’ 3D modules based on
his/her visual rules.

3. METHODOLOGY

The first-year architecture students are asked to retrieve visual rule sets of the 3D patterns
based on protocol analysis and think-aloud techniques. These rules are further evaluated to
generate new formal alternatives. The participants' direct engagements with the paper intend to
rely on Husserl's phenomenological epoche/bracketing method, which demands the existence of
the object satisfying the content of the intentional act (Husserl, 1962). The gaming model is shaped
according to the pre-experiment with the first-year students to understand the required level of
knowledge that should be given to the students to grasp and finish the gaming experience. Three
students’ production made during the pre-experiment session are shown in Figure 3. According to
the pre-experiment session, difficulties are determined to develop the model.

The results of the pre-experiment determine the difficulties that occurred during the
experiment. The main difficulties are briefly listed below.

e grasping the examples demonstrated over pictures

e understanding and interpreting the 2D pattern to fold and 3D folding pattern created as a result
of deployment

e breaking the folding pattern’s rules to differentiate it

o the complexity and size of the module

Fig.3: Three student productions from the preliminary physical experiment.
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Decisions are taken after the preliminary physical experiment, and they are indicated as
follows.
reduce the model complexity and component redundancy
start with smaller modules
start by giving a 3D module as a folded model instead of a 2D pattern
increase the module diversity and count
make the sample pool consisting of well-defined folding modules
give a limited time to the students to complete a module
shift the folding module to the next person on their right to differentiate the pattern
The game framework is established taking into account the difficulties and decisions stated
above. Accordingly, the following principles are defined.
e teaching: mereological relationship providing continuity, 3D transitions, and understanding the
idea of form to formation.
e reward: based on the model complexity, such as folding numbers and being a regular or a
modified folding pattern.
e penalty: if passed with empty submission or if the lines and surface slopes are not maintained,
they get -2 points.
e definition of the module: the transformation of the previous module (isometric transformations
like reflection and rotation, changing, number of folds, type, and direction, type of curve, etc.).
e result output: 3D modular composition
Considering the pre-experiment, the gaming process is created based on 3 main stages: start,
rounds, and finish, which are briefly illustrated in Figure 5. Groups of four students are formed,
and the students in each group are assigned numbers as nicknames. Students are expected to
choose a base module from the pool in the first stage. The pool is indeed a box consisting of
orthogonal and curved folding modules. The base modules can be seen in Figure 4. Orthogonal
folding modules are distributed to odd-numbered students, whereas curvilinear folding modules
are distributed to even-numbered students. Curvilinear and orthogonal folding modules are thus
evenly distributed.

11 ' 3 5

7 il ' P
\ e : ”
\ :
\ : o
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Fig.4: The two-dimensional templates of the base modules were folded. Each student chose one of the
folded module to start the game.

In the second stage, a rule is defined for the students, who are expected to create a new
module accordingly (Secondary modules can be seen in Figure 5). This study describes this rule
as maintaining continuity and part-whole relationship to develop a new module. That is, spatial
organizations should ensure the continuity of lines or surface slopes concerning continuity, unity,
and design variety for 3D geometric compositions. The developed module becomes a cell in the
3D pattern composition and is attached to the previous module. At the same time, students define
the visual rules with keywords. They get points for the composition when the process is completed,
or time runs out. After scoring, students forward the module they created to the person on their
right. In this way, the first round is over, and this iteration ends after the 4th round.
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Fig.5: New modules were added at the second round. The visual rules show the transformation of the
constitutive elements from the based module into the second module.

All the points are calculated after the rounds are completed. They get +2 points if successful,
-2 points if passed, and -1 points if wrong. Afterward, students examine the visual rules and
composition. They give feedback on sketch paper.

m ANALYZE THE
<L SELECTED
— MODULE
w select a base module from
the pool and analyze it
PRODUCE AND SKETCH THE
(D ADJUST VISUAL RULES
Z produce and adjust a new sketch the visual rules
module
give the selected module +2 for the task completed
to the next person -2 for the empty submission
-1 for the mistakes
U') EXAMINE THE
— AL s T COMPOSITION AND GIVE FEEDBACKS
Z SKETCH
L calculate all points examine the current express your
composition and sketch overall feedback

Fig.6: The process diagram

4. RESULTS AND CONCLUSION

The process diagram in Figure 6 was implemented as a one-hour exercise by thirty students
which were divided into several small groups of four to five. Each student started with a base
module and an empty paper for depicting their visual reflections in/on actions. Firstly, each student
observed and depicted the composition of the base module with the aim to understand the visual
and spatial relations of the base composition. She/he numbered the first depiction with the number
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1. Later, she/he continued to add new modules, depicted each modular action step by step, and
numbered each depiction incrementally. After she/he added several modules, some of the students
went back to previous steps and modified the composition of the previous module. In that case,
she/he depicted this action as well and used the previous number of that module in her/his
depiction. The purpose of pausing the origami process through making depictions was to enhance
the students’ conception of the continuity between each modular element and the unity of the
whole composition. At the end of the rounds, each student finished one origami design
configuration (three of them can be seen in Figure 7). Each origami design configuration diverged
from regular patterns and the process of formation can be traced by students ‘visual and verbal
depictions. Based on students’ origami design configuration and visual & verbal depictions, we
grouped tendencies in students. The tendencies of the students are summarized below.

e The final origami configurations and the transformation types between modules differ between
groups and are similar between group members’ production. This shows the influences and
learning from each other.

e While driving the design decision with visual rules maintained the continuity of two-
dimensional origami modules, the continuity in three-dimension was not succeeded in a couple
of groups of works.

e A difference between students’ ways of thinking when they are explaining the visual rules has
been obtained. Some of them express with analogies such as “create a winding road”, the others
with mathematical terms such as “turned 90 degrees and increased the curvature of a curve”,
or some of them use the geometrical elements of modules such as “added another wavy
mountain folds”; moreover, the ones integrate the appearance and affordances of materials into
their expressions such as “add two curved folded modules to get stiffness”.

e Shifting the eye between micro to macro and cyclic movements between the parts and the
whole has been read in the students’ depiction of visual rules. Some students referenced the
whole composition when they express the relations between design elements; Others solely
focused on the properties and the relations between the parts of single modules.

e While the first module ruled the whole process in a group of works, the other groups’ choice
of the transformation type caused to fade the dominancy of the first module. Moreover, the
complexity level of the processes varied between groups.

e As the complexity of the origami design increased through the progressive rounds, the
interaction between students raised. Even though the students were responsible to transform a
single module, some of them intervene in the previous module and transform the adjacent
modules according to his/her visual rule.

ROUNDS FINISH : FINAL MODEL

e

2
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S5 e e S

Fig.7: Three selected examples out of thirty student productions.
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The result of the study proves the potential of gamifying origami for the early design
process. Accordingly, this study would contribute design space explorations with novice designers
in finding new forms through low-fidelity prototyping. This gain extends the students' perception
and abstraction ability by being aware of the underlying geometric organization with visual rules.

The limitations of this study are the limited number of students and time constraints. We
kept the rule of each set equal. Changing the rule can be aimed to teach a module from the basic
design education. Further study can consider integrating the following categories to the rule sets:
material, color, light/shadow, solid / void relationship, and structure.

New concepts and rules can be integrated as exemplified below.
a. pre-conceptive aids (samples of geometric properties, relations, and transformations)
b. make
c. evaluate and explain (applying pre-conceptive aids to the creation and transformation of rules,
integrating the affordances of three-dimensional configuration to the visual rules)

d. re-make

This study would contribute to the literature in model making provoking creativity, and
detail development, and is significant for gaining 3D thinking over visual rules and increasing
design variety in design studios. Folding, as a means of connecting mind and hands, fuels the
imagination. Seeing and explaining the folded composition in an unanticipated way is the
definition of imagination and the sign of creativity. Depicting what is seen with visual rules and
sharing it with others scaffolds the continuity of the design process and promotes its transformation
and diversion. Besides, the transformation of two-dimensional patterns to three-dimensional
configurations with folding operations, students discover materials’ possibilities and become
conscious of volume and space.

ACKNOWLEDGMENTS

The authors would like to thank students and instructors of the Basic Design and Visual Arts

course for the 2022 summer semester at Istanbul Technical University, Department of Architecture.

REFERENCES

BARKER, O., 2011. Experimentation, Not Replication: Josef Albers and the Vorkurs, Bauhaus
magazine issue 1, Retrieved April 19, 2019 from: https://www.bauhaus-
dessau.de/index.php?experimentation-not-replication.

DEMAINE, E. D., DEMAINE, M. L., KOSCHITZ, D., & TACHI, T., 2011. Curved crease
folding: A review on art, design and mathematics. In Proceedings of the IABSE-IASS symposium:
taller, longer, lighter (pp. 20-23). Citeseer.

DETERDING, S., 2012. Gamification: designing for motivation. interactions, 19(4), 14-17.
FIOL, M. L., DASQUENS, N., & PRAT, M., 2011. Student teachers introduce origami in
kindergarten and primary schools: Froebel revisited. Origami, 5, 151-165.

GJERDE, E., 2017. Bauhaus Foundation Course Instructional Booklet. Retrieved August 1, 2020

from: https://www.origamitessellations.com/wp-
content/uploads/2018/01/Eric_Gjerde Bauhaus Foundation Course instructions booklet versio
n.pdf

HUSSERL, E., 1962. Ideas: General introduction to pure phenomenology (Trans. W.R. Gibson).
Collier Books.

JACKSON, P., 2011. Folding techniques for designers: From sheet to form. Hachette UK.
LANG, R. J., 2011a. Origami design secrets: mathematical methods for an ancient art. AK
Peters/CRC Press.

MEGAHED, N. A., 2017. Origami folding and its potential for architecture students. The Design
Journal, 20(2), 279-297.

MOHOLY-NAGY, L., 1938. The new vision: fundamentals of Bauhaus design, painting,
sculpture, and architecture. Courier Corporation.

VYZOVITI, S., 2003. Folding architecture. Spatial, structural, and organizational diagrams. Bis
Publishers.

WINGLER, H. M., 1978. Bauhaus: Weimar, Dessau, Berlin, Chicago. MIT press.

Published by Digital Commons @ BAU, 2023


https://www.bauhaus-dessau.de/index.php?experimentation-not-replication
https://www.bauhaus-dessau.de/index.php?experimentation-not-replication
https://www.origamitessellations.com/wp-content/uploads/2018/01/Eric_Gjerde_Bauhaus_Foundation_Course_instructions_booklet_version.pdf
https://www.origamitessellations.com/wp-content/uploads/2018/01/Eric_Gjerde_Bauhaus_Foundation_Course_instructions_booklet_version.pdf
https://www.origamitessellations.com/wp-content/uploads/2018/01/Eric_Gjerde_Bauhaus_Foundation_Course_instructions_booklet_version.pdf

	GAMIFYING ORIGAMI - RULE-BASED IMPROVISATION FOR DESIGN EXPLORATION
	Recommended Citation

	GAMIFYING ORIGAMI - RULE-BASED IMPROVISATION FOR DESIGN EXPLORATION
	Abstract
	Keywords

	GAMIFYING ORIGAMI - RULE-BASED IMPROVISATION FOR DESIGN EXPLORATION

