
 
An investigation of intuitive 
interaction between humans 
and tangible objects

YI-CHIAO TIEN

Interior Architecture /
Mathematics and Arts

2 0 1 9 / 2 0

A LIVING PATTERN:



2

Table of Contents



3

Abstract

Introduction 
          The Scope of this Research
          Research Goals and Questions
          Research Methods and Structure

1. Pattern / Pattern / Pattern
     1-1 Behavior Pattern
     1-2 The Pattern Language
     1-3 Pattern in Mathematics and Arts
     1-4 3D Patterns
     1-5 Dynamic Pattern
     1-6 The Pattern Cycle

2. Pattern Way | Inspiration 
     2-1 Life Inspiration for Life
     2-2 Affordance
             2-2-1 Affordance in human-object behaviour and humorous design
             2-2-2 Affordance in kinetic structure
             2-2-3 Analysis of case study and AaA’-BaB’ theorem
      2-3 Human Psychology and Behavior
              2-3-1 The two systems in our mind
              2-3-2 Born as an intuitive storyteller
              2-3-3 Bodily thoughts and tactile memories
       2-4 Culture
       2-5 The Indurative Smooth Flow: 
              Soft Robotics and Metamaterial Mechanism

3. Pattern Arrangement | Process and Development 
     3-1 Human - Object - Space
     3-2 Kinetic Structure Analysis
     3-3 Material, Structure and Sabrication Test

4. Pattern Example | Outcome

5. Conclusion and Further Development

6. References

Acknowledgment

p.5

p.7-11 
 
 
 

p.12-19
p.13

p.13

p.14

p.14

p.16

p.18

p.20-54 
p.21

p.26
p.27

p.31

p.35

p.44
p.46

p.47

p.48

p.49

p.51
 

p.55-106 
p.56

p.57

p.62

p.107-115

p.116-119

p.120

p.121



4

Abstract



5

The Abstract of the Master Thesis Entitled

A LIVING PATTERN: An investigation of 
intuitive interaction between humans and tangible objects

          Humans create tools to assist our lives in different ways, and a more intuitive use of 
a product can result in a better user experience. While most studies on intuitive behavior 
have focused on virtual product services by reason that our daily lives are flooded with dig-
ital devices, some psychologists argue that human instinctive behaviors result in fact from 
our bodily experiences. Instead of intuitive virtual interaction, this thesis therefore aims to 
investigate the intuitive interaction between humans and tangible objects. As a product and 
spatial designer, the author examines the topic through a combination of literature review 
and a hands-on design approach.  

          A key theme in this study investigates the word “pattern,” which encompasses defini-
tions of (1) the repetition of human behavior, (2) a motif in visual design, and (3) an estab-
lished sample that can be reproduced. All of them are incorporated into a design procedure 
called the Pattern Cycle in which each notion of pattern represents a distinct design phase. 
As a result, three design phases are included in the Pattern Cycle, and they are listed as fol-
lows: Pattern Way, Pattern Arrangement, and Pattern Example.

          This thesis begins by laying out the theoretical dimensions of the study and looks at 
how mental and physical experiences construct the basis of human-object intuitive interac-
tion. A strand of psychological studies indicate that the human mind, body, and emotions 
are of equal significance to human behavior. Based on these findings, a hypothesis of a new 
design approach, AaA’-BaB’ theorem, is developed in the first design phase, Pattern Way. It 
is a design method emphasizing on transferring a particular human-object interaction to an 
alternative application. In Pattern Arrangement, the author utilizes the theorem to produce a 
BaB’ design. The design is experimented and tested with multiple 3D printing technologies. 
Finally, a design titled Lantern Divider is built in the last design phase, Pattern Example. The 
divider can be folded into a compact form and opened up by a simple and intuitive push. 
The final innovative design aspires to inspire people in their daily lives through direct hu-
man-object interaction and the bodily experiences it creates.

          This thesis endeavors to serve as a manual for designers interested in innovative and 
inspiring designs. Both the design approach of AaA’-BaB’ theorem and the design procedure 
of the Pattern Cycle can be applied to a person’s creative process. For non-designers, this the-
sis provides an understanding of how we, as human beings, behave within the environment 
and interact with objects and our surroundings.
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The Scope of this Research

          As an independent industrial designer born and raised in Taiwan, I convey my dis-
covery and understanding of my surroundings to the public through various and dynamic 
experimental objects and spatial structures designed by me. During my studies at Aalto 
University in Finland, I have expanded my knowledge in relation to numerous disciplines 
including interior design, architecture, textile, mathematics and arts. Meanwhile, as an East 
Asian living in a Nordic country, I have experienced a number of cultural differences. This 
study examines several psychological research and design philosophies pertaining human 
intuition and interaction with tangible objects. Based upon the investigation, I subsequently 
develop a design that integrates my theoretical research with my knowledge in product de-
sign, spatial design, mathematics and arts.

Research Goals and Questions

          The goal of this thesis is to understand human-object behavior, particularly the intui-
tive feelings and thoughts arising from the interaction between an individual and an object. 
Additionally, I intend to develop my design thinking and create a prototype in response to 
it. The thesis aims to answer the following research questions:

How do our minds and body function and respond to objects and the 
environment around us in real life?

What object could be created to influence the space it situated in through 
the direct and intuitive interaction between the object and its users?
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Research Methods and Structure

          This thesis is a design study on human-object behavior through designing objects. The 
research method employed by this thesis follows the criteria of artistic research and pro-
duction-based research explained in Thesis design: research meets practice in art and design 
master’s theses (Seliger et al., 2015).   

Artistic research:
          This thesis project is a design practice with an experimental and conceptual outcome. 
The practice-led research is of great use because it can generate new knowledge and dis-
coveries. The research process involves intensive hands-on modeling, as well as repeated 
verification and iteration following my reflection from a distance.

Production-based research:
          Production-based research consists of four stages: exploration, creation, reflection, and 
implementation. This thesis endeavors to explore original ideas that have the potential to be 
developed further. The exploration and creation phases are thus the foci of this research. In 
the exploration stage, I conduct my observation of users subjectively, as well as investigate 
relevant literature and theories regarding my observation. Based upon my findings, the re-
search proceeds to the creation stage that involves the process of prototyping. By producing 
tangible prototypes and models, the material, structures, and direct sensorial experiences 
can be experimented and inspected thoroughly.

PRODUCTION-
BASED

ARTISTIC
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LITERATURE REVIEW

Theories and Notes

Pattern Way |
Inspiration
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Process and Development

BRAINSTORMING / THESIS HYPOTHESIS
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Concept development
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Methods and procedure
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Pattern Example |
Outcome

Human-object behavior observation
Concept development
Sketch and Visualization

PROTOTYPING

Material experimentation
Process documentation

Literature review Implementation Analysis
Conclusion

Table 0:
Timeline of thesis 
development and writing
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          I have always been intrigued by patterns as a designer. The word “pattern” means the 
repetitive regularity in the real world. In the Cambridge Dictionary, a pattern is defined as “a 
particular way in which something is done, organized, or happens.” It can be used to refer 
to a certain behavior or routine of a human or an object. It is also “any regularly repeated 
arrangement, especially a design made from repeated lines, shapes, or colors on a surface.” 
Moreover, “something that is used as an example, especially to copy,” can be described as a 
pattern as well (“pattern,” n.d.).

          During my research process, I discovered that patterns were in fact the intersection 
where my multidisciplinary interests meet. The aforementioned definitions of pattern cor-
respond to various fields I am particularly interested in, which I will elaborate further in the 
following chapters.

1-1. Behavior Pattern

          To industrial designers, observing and understanding user experiences are crucial in 
designing and developing a product. People follow similar behavior patterns when using a 
product or solving a problem in their daily life. In order to innovate or redesign an object 
to optimize the daily user experience, discovering and identifying novel human behavior is 
the primary challenge to today’s product designers. In this case, the word pattern refers to a 
predictable and repeated human behavior; it implies the common elements to be identified, 
examined and researched in the field of industrial design.

1-2. The Pattern Language

          British-American architect Christopher Alexander (1977) and his co-authors create a 
language system composed of 253 entities or “patterns,” a name used by them. Each pattern 
implies a problem that recurs consistently in our environment, as well as the essence of the 
solution to the problem. These patterns are depicted in a number of sizes and, moreover, 
each of them cannot function independently. Small patterns are embedded in a bigger one, 
while patterns of the equal size are placed next to one another. According to this system, an-
yone can build towns, buildings and constructions by rearranging iterations of patterns and 
interpreting them individually. The book functions as a dictionary whereby people can find 
hints and instructions to construct their own versions of space and environment.
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1-3. Pattern in Mathematic and Art

          My previous perception of visual patterns was constricted in the field of art and design. 
Visual patterns, from my perspective, is an infinitive variety of graphics on surface resulting 
from an individual’s subjective and aesthetic combinations of two-dimensional shapes and 
lines in different color hues and color depth. It was not until my minor studies at Aalto Uni-
versity, Mathematics and Arts, made me realize that patterns have been well explored and 
analyzed in the domain of mathematics. I have broadened my understanding of visual pat-
terns in professor Kirsi Peltonen’s course Shape in Action, in which she introduced several 
mathematical phenomena and theorems related to symmetries and patterns. Amongst them, 
the magic theorem from The Symmetries of Things (Conway, Burgiel & Goodman-Strauss, 
2016) was the most fascinating one which engaged my interest immediately. In the theorem, 
they prove that all existing symmetrical two-dimensional patterns can be categorized into 
only 17 types. In other words, despite the fact that art professionals have created a myriad of 
visual patterns intuitively, those patterns are merely iterations of 17 types. It is astonishing 
for me as a design student to realize that visual patterns have not only been explored and 
created by art and design professionals but by mathematicians. Meanwhile, it is a thrilling 
experience for me to learn about mathematicians’ perspective on a subject that I am very 
familiar with. This perspective hence provides another aspect when it comes to my design 
thinking.

1-4. 3D Patterns

          From my perspective, a visual pattern is merely a partially captured facet of a three-di-
mensional modular system. An element in a pattern is equivalent to a repeatable part in 
a modular system. In this case, if the element in a pattern is a solid object, then the final 
assembled image would transform into a three-dimensional spatial structure. In theory, the 
size of a 3D pattern can be scaled up/down and repeated without limitation. However, if 
a designer attempts to employ 3D patterns to design spaces or functional products in real 
life, it is critical to take into consideration the materiality of the design and the surrounding 
environment of the space.

          In the field of architecture, three-dimensional modular patterns are commonly imple-
mented in the ornamental surface and supporting structure of buildings. An epitome of this 
is Bjarke Ingels’s Serpentine Gallery Pavilion, a spatial structure consisting of 1802 glass fiber 
boxes with 2890 cruciform aluminum extrusions. The concept was developed from distort-
ing the architectural elements of a basic brick wall: the glass fiber boxes were pulled apart in 
a checkered pattern, creating two elevations with a winding interior space in between. On 
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the one hand, the hollow, rectangular fiber boxes are brick modules of the structure, on the 
other hand, they construct an ever-changing exterior of the pavilion, shifting between trans-
parent and opaque impressions depending on which angle the viewers look at it.

          In an article on the Serpentine Gallery Pavilion, Ingels was quoted as saying that “es-
sentially the pavilion is a hybrid between a building and a piece of furniture, so the wall is a 
giant shelf that you pull apart to create this interior space” (as cited in Freason, 2016, para. 
10). According to Frearson, Ingel has dedicated the pavilion to one of his idols, Jørn Utzon, 
the designer of Sydney Opera House. He remarked that “Utzon had this idea that you could 
create any imaginable form with carefully designed, mass-produced elements, almost like 
creating difference out of repetition, and it is essentially that spirit we’ve tried to bring here” 
(as cited in Freason, 2016, para. 12). By adjusting the scale of geometrical elements and se-
lecting proper materials, architects can apply modular construction systems and iterate 3D 
pattern variations to build objects and spaces.

Figure 1-1a: Overview 
image of Bjarke Ingels’s 
Serpentine Gallery Pa-
vilion.  The glass fiber 
boxes were pulled apart 
in a checkered pattern, 
creating two elevations 
with an winding interior 
in between.

Figure 1-1b: Exterior im-
age of Bjarke Ingels’s Ser-
pentine Gallery Pavilion. 

Figure 1-1c: Interior 
image of Bjarke Ingels’s 
Serpentine Gallery Pavil-
ion. The transparent and 
opaque impressions de-
pends on which angle the 
viewers look at it.

Image sources:
www.dezeen.com
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1-5. Dynamic Patterns

          While some architects construct buildings with digital rendered 3D patterns, there is 
a group of artists taking a step further and animate 3D patterns to flow in the void of space. 
These artists power the 3D patterns by electronic devices and program the models or sculp-
tures to repeat some simple movements, imitating the actions of organisms. For instance, 
Diffusion Choir (Sosolimited, Plebian Design & Hypersonic, 2015) is a kinetic sculpture 
installed in the sunlit atrium of the Biomed Realty building in Cambridge, Massachusetts. 
It creates an imagery of a flock of birds soaring in the atrium by operating 400 white folded 
basic elements that can expand and contract independently through motors choreographed 
by custom software running real-time mathematical flocking algorithms. Another example 
is In 20 steps by Studio drift (2015), a moving installation paying tribute to human’s desire of 
flying. It consists of 20 glass tubular elements performing a sequence of movements.

Figure 1-2a,b: Images of 
Diffusion Choir. It creates 
an imagery of a flock of 
birds soaring in the atri-
um.

Image sources:
www.sosolimited.com/
work/diffusion-choir/
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          Dynamic patterns can create a beautiful and comprehensive sensorial experience for 
viewers in specific environmental settings. With their movements, they become a new form 
of life that draws people’s attention to the neglected spaces. These dynamic patterns thus 
possess enormous potential to be developed further into functional products with which 
users can utilize to modify a space according to their personal preference and needs.

Figure 1-3a,b: Images of 
In 20 Steps pays tribute to 
human’s desire of flying.

Image sources:
Glasstress 2015 Gotika, 
Palazzo Franchetti / Istituto 
Veneto di Scienze, Lettere e 
Arti, Venice. Photography 
by Juuke Schoorl
www.studiodrift.com/
work#/work/in-20-steps/
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1-6. The Pattern Cycle

          The term pattern is generally understood to mean the concept of regularity, which 
occurs in the world, in behaviors of life-forms, in artificial designs, and in abstract ideas. As 
a designer quipped with interdisciplinary expertise in product design, interior and spatial 
design, and mathematics and art, I realized that the concept of pattern is the junction which 
can connect most of my interests and professions by virtue of its multifaceted meanings 
and properties. Therefore, this thesis aims to continue my personal discovery, as well as to 
acquire a better understanding in the subject regarding human-object interaction by design-
ing an object. It is an object consisting of modular patterns; developing from my observation 
of human behavior patterns, and functioning as a product that can affect a space directly by 
a simple touch of the user. 

          The Pattern Cycle is a design thinking procedure that I developed during my research. 
The three definitions of the word pattern and my industrial design process are incorporated 
into a new framework for creative development of object design.

INSPRIATION

PROCESS AND
 DEVELOPMENTOUTCOME

Pattern | WAY
- Observe human behavior

Pattern | ARRANGEMENT
- Analyse and Experiment 

Pattern | EXAMPLE
3D pattern

- Involve human-object 

interaction

- Encompass the spatiality of 

human and product
Figure 1-4: 
The Pattern Cycle
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This framework is divided into 3 stages:

Pattern Way | Inspiration:
          Pattern Way is the inspiration stage. It is the starting point of the whole cycle and the 
design process, as well as where both observation and brainstorming occur. As a design 
researcher, I observe different human-object behavior. Then, I identify and pinpoint one 
behavior that is the most relevant to my topic and the most promising for further develop-
ment. The name of Pattern Way is derived from the first definition of pattern describing the 
idea of human behavior. 

Pattern Arrangement | Process and Development:
          The second definition of pattern implies visual arrangements, the most artistic aspect 
of the word. The variation of graphics, colors and textures are the essential elements of visual 
patterns. Consequently, this stage is titled Pattern Arrangement to link the word pattern to 
a design procedure including repeated process of modification, examination, and iteration. 
Pattern Arrangement represents the stage of design development stage in the whole cycle. In 
this stage, I proceed to develop and realize my design concepts generated in the Pattern Way 
stage by hands-on prototyping.

Pattern Example | Outcome:
          The third stage of the cycle is where the design process concludes and a concrete re-
sult, such as a tangible product, is created. The name of this stage is derived from the third 
definition of pattern referring to a sample that can be reproduced or recreated. By entitling 
this stage Pattern Example, I suggest the outcome of this stage can be seen as a final model 
to be used, produced, and examined. The Pattern Example is not the end of the cycle. The 
novel outcome of this stage may result in human-object behavior changes leading to a new 
design cycle process.

          In conclusion, I am intrigued by patterns and its multiple meanings in the context of 
different disciplines, such as industrial design, architecture, mathematics and arts. Drawing 
upon different definitions of pattern, my multidisciplinary interests are organized and inte-
grated into a clear design procedure, the Pattern Cycle. The next step is to follow the Pattern 
Cycle and design and build the Pattern Example to address the research questions raised by 
this thesis.
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2. 
Pattern Way | 
Inspiration 
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2-1 Life Inspiration for Life

          Human beings have been using objects as tools in their daily routines and activities 
since the Stone Age two million years ago. In his workshop lecture, Ashwin Rajan (2019), a 
behavior design strategist, claims human behavior changes are closely related to technology. 
As technology develops, human behavior changes accordingly. For instance, the invention 
of paper has led humans to adopt a new manner of learning. The existence of paper allows 
documentation of abundant information and knowledge, leading people to learn by reading 
and writing.

          It is evident that digitalization is labeled as one of the megatrends around the world for 
its potential benefits. Present-day industrial design is a field striving not only to produce a 
tangible, functional object, but creating intangible goods such as user-friendly interfaces to 
assist human in their daily life. Industrial designers join engineers to develop new technol-
ogies and promote new living habits in today’s modernized world. An exemplar of how new 
technology reshapes a pre-existing human behavior is the digitalization of photography, in 
particular the advent of camera phones. In the past, people shot photos with analog camer-
as. Then, they had to process the films to print physical photographs that can be displayed 
to others and stored in their personal cabinets at home. By contrast, most people have now 
smartphones with one or more built-in cameras and photo-editing applications. People can 
capture and edit photos with their mobile phones, as well as store them in their phones or 
online. Furthermore, they can share these photos with one another or upload them to online 
social media for others to comment.

          As mentioned previously, human behavior is thus an essential topic for designers. Over 
the last two million years, human beings have consistently undergone changes in lifestyle 
and behavior due to innumerable technological inventions, innovations and revolutions. 
The old pattern of technology development was mainly driven by scientists and engineers. 
They first invented a new technology, then people adapted to it. In recent decades, instead of 
adapting to newly invented technology, visionary designers have been focusing on drawing 
people’s attention to intuitive human behaviors and user experiences. It is after a particular 
need being identified by designers that scientists and engineers can develop technological 
solutions to address the need or problem.

TECHNOLOGY BEHAVIOR
Figure 2-1: Revised graph 
from Ashwin Rajan’s be-
havior design workshop
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          Although the idea of digitalization and high-tech industries is prospering, virtual de-
vices are lacking an important property of objects — tangibility. Whether a person believes 
himself or herself to be a rational or emotional individual,  it does not change the fact that 
most humans are born with complex sensory systems. In other words, humans have a good 
collection of senses. These senses are perceived by our sensory receptors in different man-
ners, for example, the sense of touch requires a direct and physical contact, whereas visual 
and auditory senses can be perceived from a distance (Schifferstein & Hekkert, 2008). In this 
case, tactility is the most direct and intuitive one among the five traditional human senses. 
Therefore, this research aims to concentrate on human behavior regarding tactile sensory 
experiences arose by tangible objects instead of that concerning virtual experience created 
by digital displays.

          Looking back into the history of human behavior and objects, I recognized that there 
are plenty of human-object interactions that intrigue me. In this thesis, human-object in-
teraction is used to describe a direct relationship between an individual and an ordinary 
good that is not an electronic device. For example, the human-object interaction between 
a person and a foldable picnic chair is the process including the person carrying the chair; 
placing it in the desired location; unfolding it by hand and sitting on it comfortably. From 
the perspective of the chair, the interaction should then be described the other way around, 
that is the chair being carried by the person; being put in a particular location; being un-
folded into a free-standing mode by the direct touch of the person and firmly supporting 
the person weight of the person. From my observations of negligible human behaviors, I 
noticed that most of them are accomplished by instinct. This finding inspires me to develop 
my design thinking and research in relation to how can one cleverly transfer existing hu-
man-object behaviors to functional product innovations that address intuitive and direct 
human-object interactions.

         My enthusiasm for the 
subject of human-object 
interaction is also demon-
strated in my previous de-
sign projects. An exemplar 
is my bachelor graduation 
project: White Mango Light 
(Tien, 2014).Figure 2-2: Overview of 

The White Mango Light. 

Image sources:
Yi-Chiao Tien
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With a simple downward push by the user, the lighting fixtures are pushed out from the 
prior clustered mode, and unveiling its expressive and atmospheric appearance.

Moreover, the geometrical change of the light caused by a direct contact of the user, the 
simple “push” in this case, controls whether the illumination is concentrated or diffused. 
The concentrated mode provides an evenly spread light for reading and writing, while the 
scattered mode functions as a decorative light suitable for festive and celebratory occasions. 

          Mango is an extremely popular fruit in 
Taiwan. Taiwanese learn to prepare a mango 
by slicing the flesh of it in a crosshatch pat-
tern. It then can be inverted to expose the 
scored cubes, revealing the juicy and lovely 
sweet taste of summer. Inspired by Taiwan-
eses’ love of mangoes, as well as the interac-
tion between human and fruit, I applied this 
preparing method in lighting design.

Figure 2-5a,b: Illustra-
tion of the White Mango 
Light scenario.

Image sources:
Yi-Chiao Tien

Figure 2-3a: 
Image of a scored mango.

Figure 2-3b,c: 
Illustration of 
human-mango kinetic 
structure and behavior

Figure 2-4: Instruction of 
the White Mango Light
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          White Mango Light generates an original experience and a unique interaction between 
human and illuminating objects. The creative process followed the approach of transferring 
and applying a human-object behavior to an object. At the 33rd Yodex International Young 
Designers’s Exhibition (2014), Taipei, Taiwan, White Mango Light received a great amount 
of attention and positive feedback. The audience was delighted about the creative work and 
interested in the design thinking behind it. I had further developed the second version of 
White Mango Light during my studies at Aalto University, which won the grand prize in the 
2017 PrintoCent Design Competition and the wildest idea in 2017 Innofest, Oulu, Finland. 
This innovative working and thinking process has since received many promising reviews. 
Therefore, I have theorized this creative process and proposed a hypothesis of innovative 
design approach. If a person has previous experience and memory of human-object behav-
ior (a) involved in object A, then this person can relate to object B if he or she recognizes 
the learned human-object behavior (a) in object B. In other words, one can either easily 
understand the use of a newly designed object B or be amazed and inspired when he or she 
discovers the connection. I then titled this hypothesis AaA’-BaB’ theorem.

A detailed and graphic explanation of AaA’-BaB’ theorem: 
          Object A is represented by an uncolored triangle, whereas an uncolored hexagon sym-
bolizes Object B. The colored triangle (a) and hexagon (b) marks a human-object behavior 
addressed in an object. A-A’ and B-B’ indicate the transformation of object that occurs re-
spectively after the human-object behavior (a). As illustrated in figure 2.6, human-object be-
havior (a) fits well in both object A and object B. Therefore, both AaA’ and BaB’ are probable 
applications of the human-object behavior (a).

a

A B

a

B

b

Human-Object Behavior

Object

Object A involving 
Human-Obeject behavior (a)

Object B involving 
Human-Obeject behavior (b)

Object B applying
Human-Obeject behavior (a)
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          “Inspired by life, inspiring life” is my motto as a designer. I have dedicated myself to de-
signing objects with and researching on the AaA’-BaB’ theorem. Observing daily human-ob-
ject behaviors and selecting the potential ones for alternative applications have become one 
of my passions. With the help of AaA’-BaB’ theorem, I expect my design to inspire people 
and embed creative thinking in their minds.

a

a

a

a

A A’

B B‘

a a

involving Human-Obeject 
behavior (a) transformation

applying Human-Obeject 
behavior (a) transformation

Object A in A mode Object A in A’ mode

Object B in B mode Object B in B’ mode 
Figure 2-6: Illustration of 
AaA’-BaB’ theorem
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2-2 Affordance

          Affordance is a term coined by James J. Gibson (1986). It is explained by cognitive sci-
ence researcher Don Norman (2013) as “the relationship between the properties of an object 
and the capabilities of the agent that determine just how the object could be used” (p. 11). 
Every object has its affordance, even though it is not always perceivable. Japanese ecological 
psychologist Masato Sasaki (Fukasawa et al., 2008) contends that affordance implies the 
meaning and value offered to animals by the environment. It indeed exists in the environ-
ment which one can perceive directly without the need of interpretation. In other words, 
perceivers merely discover different kinds of preexisting affordance in the environment.

          To get a better understanding of what is affordance, we can take a rotatable office chair 
with wheels as an example. The most direct affordance of this type of chair is the comfort 
load-bearing property for human seating. When its rotation feature and wheels are locked, 
the affordance of the chair enables one to stand on top of its seating surface, resulting in it 
becoming a step ladder-like tool that one can use to reach the top of a high self. Its affor-
dance can also be the mobility provided by the chair which it can be used as a trolley to 
transport something from one location to the other. For example, it can move piles of heavy 
books and documents from an office to a meeting room. Furthermore, I have used an office 
chair in a unique manner that is to utilize the rotatable affordance to assist casting processes 
in my studio. The centrifugal force caused by the rapid spinning of the chair, to which the 
mold is firmly attached, makes the silicone flow evenly in the casting mold. The affordance 
of an object is an existing condition opening to interpretation, and it is one’s creativity and 
imagination that generates values of the object.

          The notion of affordance is significant to my AaA’-BaB’ theorem and design works. It 
represents the potentials of human-object relations in our surroundings that are yet to be 
discovered, investigated and developed. Whilst affordance is mainly used to describe the 
properties of a still object in most research and literature, I suggest that, drawing upon my 
observation and studies, the concept of affordance can also apply to human-object behavior 
and kinetic structures.
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2-2-1 Affordance in Human-Object Behavior and Humorous Design

          A physical product can possess various affordances. It is not uncommon that users and 
designers discover potential properties of the product and utilize them for diverse purposes. 
Similarly, a human-object behavior is not restricted to one product category; instead, it can 
encompass different items and utilization. I find this approach is widely implemented in 
most humorous designs regardless of the way in which the design is presented. 

          The following section addresses several design applications of affordance regarding 
human-object behavior. Some of the cases are taken from Shau-Heng Li’s (2013) analysis of 
the utilization of humor design, while others are selected by me. Every one of them adopts 
the humor design approach to draw users’ attention to the existence of affordance in the 
product.

Wall-Mounted CD Player by Naoto Fukasawa
          Pull switches are a common feature of wall-mounted fans. Fukasawa got his inspiration 
from the human-object interaction between users and wall-mounted fans, and designed a 
wall-mounted CD player, which allows the user to activate the product instinctively based 
on their experience of switching on a wall-mounted fan. Fukasawa’s design thus provides 
the user with a musical sensation that resembles the experience of enjoying a gentle breeze. 
Furthermore, the design goes particularly well with the Japanese living environment due to 
its low-profile appearance.

=+
Figure 2-7: 
Image resource: 
- www.homedepot.com 
(Lasko 12 in. Oscillating 
Wall-Mount Fan)
- www.toybyexpert.com 
(AUNA Roadie Sing)
- Muji Webstore
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Toasty Charger by Hyun-A Ko
          Preparing breakfast with a toaster is extremely commonplace in Western culture. Ko 
designed a creative concept of lithium battery charger by incorporating the human-object 
interaction between a user and a pop-up toaster. The user can slide the battery into the 
charger in the same manner as dropping a piece of bread into a slot on the top of a toaster. 
The battery will then pop up automatically when it is fully charged. This creative design of-
fers the user a refreshing and alternative way to charge their batteries.

Marionette Teabag by Naoto Fukasawa
          Fukasawa’s Marionette Teabag draws inspiration from the puppet play and the act of 
brewing tea. The control bars and human-shaped teabag resemble a marionette set. When 
a user immerses the teabag in hot water, he or she also becomes a puppeteer operating a 
marionette.

=

=

+

+

Figure 2-8: 
Image resource: 
- www.cellephone.de/ 
(Battery Charger + Li-Ion 
Battery)
- www.ellos.se/ (Brödrost 
Manhattan Steel 2)
- www.yankodesign.
com/2008/12/15/
toasty-charger/

Figure 2-9: 
Image resource: 
- www.pncrafts.co.uk 
(Handmade hinged wooden 
doll marionette puppet - 
medium Pinocchio)
- www.londontea.co.uk/
the-history-of-the-humble-
tea-bag/
- naotofukasawa.com 
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Maraca Salt and Pepper by Naoto Fukasawa
          Maraca is a characteristic rattle mainly appearing in Caribbean and Latin music. It is 
shaken by a handle and usually played in pairs. This human-object interaction is employed 
in a set of salt and pepper shakers designed by Fukasawa. The white shaker is for salt while 
the black one for pepper. Users can enjoy a playful instrumental act that is added to the typ-
ical experience of using salt and pepper shakers.

Furoshiki Shiki by Samira Boon
          “Furoshiki” is a Japanese word referring to the traditional wrapping cloth used for 
packing and carrying clothes, bentos and gifts in Japan. “Shiki” in Japanese means a pad 
placed under something. Samira Boon cleverly revised a traditional technique by replacing 
the material with vinyl for contemporary use. The folding method is implemented in the 
design of Furoshiki Shiki, and it can work as a bag for carrying cards, keys, documents, and 
stationery without any zipper or button by utilizing the material’s adhesive qualities. If a user 
has experience of wrapping a furoshiki or putting a note between a transparent vinyl pad 
and an office desk, the way of using this product should be quite obvious to them.

=

=

+

+

Figure 2-10: 
Image resource: 
- www.dhgate.com/ 
(Wooden Maracas Durable 
Large 25cm)
- www.amazon.in/ (Salt and 
Pepper Shakers Glass Set)
- www.plusminuszero.com.
tw/

Figure 2-11: 
Image resource: 
- www.maisondumochi.
fr/boutique/furoshi-
ki-aux-camelias-rouge/
- www.nitori-net.tw/Goods/
ItemDetail_6720279_01.htm
- www.shop.samiraboon.
com/product-page/furoshi-
ki-shiki-pen-case-6
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Mozart Kitchen Timer by Kikkerland
          Sculptures like statues or busts are three-dimensional objects built in memory of celeb-
rities, martyrs, or folks. They are usually placed on top of a firm base in museums or public 
spaces, enabling them to be viewed from all directions. Kikkerland turned the bust of well-
known musician Mozart into a timer for daily use in kitchen. Instead of walking around a 
sculpture, one rotates the bust to set time. When the set time interval is expired it will play 
the soothing Rondo Alla Turca.

Graffiti Cocktail Shaker by William Kellogg
          The human-object behavior of shaking a can to mix the ingredients inside can be 
observed in both graffiti artists with their spray paint and bartenders with their cocktail 
shakers. Kellogg took inspiration from this connection and applied it to his design of cock-
tail shaker.

=

=

+

+

Figure 2-12: 
Image resource: 
- www.statue.com/ 
(Mozart Wolfgang Amadeus 
Bust 13” High)
- www.ebay.com/ 
(60 Minutes Kitchen Timer)
- kikkerland.com/collec-
tions/kitchen-bar/products/
mozart-kitchen-timer

Figure 2-13: 
Image resource: 
- www.sprayplanet.com/ 
(MTN 94 Spray Paint - Air 
White (Spectral))
- www.sohohome.com/us/
collins-cocktail-shaker.html
- kikkerland.com/collec-
tions/best-sellers/products/
graffiti-cocktail-shaker
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Pencil Sharpener Wind Up Key by Kikkerland
          Inspired by the idea of using a key to unlock one’s creative potential, Kikkerland’s pencil 
sharpener is in the shape of a key. The human-object behavior of sliding a key into a lock 
and rotating to unlock is similar to the act of sharpening a pencil. The sharpened pencil can 
subsequently be used to write down or sketch ideas, hence “unlocking” a person’s creative 
potential.

2-2-2 Affordance in kinetic structure

          The mechanism of an object enables it to perform an act of moving, rotating, or trans-
forming. The etymon of mechanism is from modern Latin mechanismus, and Greek μηχανή 
(mēkhanḗ, “machine”). In the Oxford dictionary, mechanism is defined as “a system of parts 
working together in a machine” (“machine,” n.d.). The connection between mechanism and 
machine is distinct because we can easily associate machines to the operation of interlinked 
hardware components powered by electricity. Nevertheless, a mechanism is any mechanical 
means converting an instruction into a motion regardless of the involvement of electricity 
and the materiality of components. Accordingly, I will use the term kinetic structure to refer 
to these mechanical parts, which are assembled to conduct the conversion of instructions 
into motions, in this thesis.

Kinetic structures are more closely linked to geometry, material, and physics rather than 
with human or cultural influences.

=+

Figure 2-14: 
Image resource: 
- www.locksgalore.com.
au/ (Lanes (5) Key Blank to 
suit Lanes 1000 Old Style 
Mortice Lock)
- www.faber-castell.com/ 
(50-31 metal sharpener)
- kikkerland.com/collec-
tions/stationery/products/
pencil-sharpener-wind-
up-key
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The camera aperture kinetic structure
          The aperture mechanism in a camera consists of intricate blades that can adjust the di-
ameter of the lens opening by rotation. This is to control the amount of light passing through 
the aperture per shutter speed. The affordance of this kinetic structure is the possibility to 
adjust the dimension of the lens opening through a simple rotating process of blades. 

         In 2019, the London-based design studio Makers Cabinet developed this kinetic 
structure into a novel drawing device for drawing circles — Iris, providing an alternative 
human-object behavior of drawing a circle on paper. Users can draw circles, intuitively yet 
precisely, by adjusting the measuring feature on the top of the device that adjusts the dimen-
sion of the circle. The application solves the problems of leaving holes or marks on paper 
when using drawing tools like a compass or the need of additional measuring tools.

          Not only to the drawing device, the aperture kinetic structure is also applied to kitchen 
gadgets. A spaghetti measure by Joseph Joseph utilizes this kinetic structure to assist chefs 
in estimating the portion of spaghetti that needed for a meal.

=

=

+

+

Figure 2-15a,b: 
Image resource: 
- apprendre-la-pho-
to-de-portrait.fr/ouver-
ture-diaphragme-profond-
eur-de-champ/
- www.designboom.com/
design/makers-cabi-
net-iris-drawing-com-
pass-05-13-2019/
- www.cultpens.com/i/q/
RT44494/rotring-circles-
template-1-36mm
- www.getdatgadget.com/
joseph-joseph-spaghet-
ti-measure/
- www.amazon.com (Happy 
Sales HSKT-SSPM01)
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The wooden clothespin kinetic structure
          One of the simplest kinetic structures found in everyone’s daily experience is the wood-
en clothespin. With a small spring held two wooden parts together, the mechanism of lever 
enables one to open and shut the clothespin through a pinch on the peg. It is used to hang 
laundry, paper notes, or photographs.

          Chris Koens incorporated this kinetic structure into Ez Wooden Chopsticks. Chopsticks 
are the eating utensils commonly used in East Asian countries. However, it requires some 
practices to succeed in managing them. By extending the edge of a wooden clothespin, the 
object turns into a tongs-like utensil that functions like a pair of chopsticks for foreigners. 

The mango kinetic structure
          In chapter 2-1 Life Inspiration for Life, I mentioned White Mango Light, a light design 
for my bachelor thesis. The technique of preparing a mango is used as a kinetic structure. 
The mechanism of cutting allows the juicy flesh of mango to pop out in cubes, thus makes 
it easier for the user to remove the flesh from the skin. The affordance of this mechanism is 
the ability of morphing from one extreme form to another.

=+
Figure 2-16: 
Image resource: 
- David R. Tribble
-  kikkerland.com/collec-
tions/kitchen-bar/products/
ez-wooden-chopsticks-4-
per-set 
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          White Mango Light applies the kinetic structure of mango cutting to control two modes 
of a light. The expressive form provides a general and ambient lighting for relaxing occa-
sions, while the subtle form works as a work lamp for working circumstances. 

          Another conceptual implementation of the mechanism of mango cutting is White 
Mango Seating. The affordance of the kinetic structure allows one to store the seating. When 
it is in the closed mode, the seating can be hung on the wall. Meanwhile, it would be ex-
panded into a comfortable lounge-style seating once the user intuitively sits on the top of 
the spherical side.

=

=

+

+
Figure 2-17a,b: 
Image resource: 
- Yi-Chiao Tien
- www.ledluks.com/prod-
ucts/ora/
- kauppa.kalustemarsalkka.
com/tuote/fatboy-bug-
gle-up-outdoor-sakkituoli/
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2-2-3 Analysis of case study and AaA’-BaB’ Theorem

          The case study of human-object behavior and kinetic structure is to investigate the idea 
of affordance concerning a movement or an act, which is termed motion affordance by me. 
In table 2, all aforementioned cases are organized systematically by their motion affordance 
and application.

The equation of AaA’-BaB’ theorem:
Design BaB’ = Motion Affordance (a) + Object B/B’

The form of BaB’ derives from object A and its motion affordance (a) is to serve the 
functionality of object B.

Design BaB’ = Object A/A’
Inspiration

AB

a

Motion Affordance (a).
Human-Object behavior

+ Object B/B’
Application

a b

B

Human-Object Behavior

Object

Figure 2-18: 
The gray areas mark the 
equation of AaA’-BaB’ 
theorem
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Design Name
Designer

Wall Mounted 
CD Player 
by Naoto Fukasawa

Marionette 
Tea bag 
by Naoto Fukasawa

Maraca Salt 
and Pepper 
by Naoto Fukasawa

Toasty Charger
by Hyun-A Ko

Furoshiki Shiki 
by Samira Boon

Design BaB’ =

=

=

=

=

=

Object A/A’:
Inspiration

Motion Affordance a.
Human-Object behavior

Still/Blowing

Still/Dancing

Standby/Baking

Still/Rattling

Unfold/Wrapping

Human pulling 
string trigger

Human slicing a toast 
into the toaster and 
wait until it pop back 
up when it is done

Human controling the 
handle above to cause 
puppet movement

Human holding and 
shaking the maraca 
in hand along a music 
tempo

Human wrapping 
goods by folding the 
cloth
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+

+

+

+

+

+

Object B/B’:
Application

Remark

Stanby/Playing CD

Tea leaves dry/soaking

Lay out/Adhere 
when overlapped 

Standby/Charging 

Store/Sprinkle 
salt and pepper 

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition
Table 2:
The analysis of case study 
on the basis of the equa-
tion of AaA’-BaB’ Theo-
rem
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Graffiti cocktail 
shaker 
by William Kellogg

Design Name
Designer

Mozart kitchen 
timer 
by Kikkerland

Spaghetti Measure
by Joseph Joseph

Iris 
by Makers Cabinet

Design BaB’ =

=

=

=

=

=

Object A/A’:
Inspiration

Viewed from all angles

Lock/Unlock

Still/Mixing paint

Still/Adjust aperture

Still/Adjust aperture

Motion Affordance a.
Human-Object behavior

Human walking 
around the sculture to 
view

Human shaking the 
can to mix the paint 
evenly before spraying 
use.

Pencil sharpener 
wind up key 
by Kikkerland

Human inserting the 
key into a lock to lock/
unlock it by rotating 
the key

Human rotating the 
lens mechanism to 
adjust the aperture

Human rotating the 
lens mechanism to 
adjust the aperture
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Still/
Sharpening pencil 

+

+

+

+

+

+

Object B/B’:
Application

Still/
Mixing ingredients 

Remark

Stanby/Timing

Still/One piece 
drawing template

Still/One piece
measuring tool 

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition
Table 2 (continued):
The analysis of case study 
on the basis of the equa-
tion of AaA’-BaB’ Theo-
rem
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White Mango 
Light 
by Yi-Chiao Tien

Design Name
Designer

Ez Wooden 
Chopsticks
by Chris Koens

White Mango 
Seating 
by Yi-Chiao Tien

Design BaB’ =

=

=

=

Object A/A’:
Inspiration

Still/Clip

Solid/Sliced

Solid/Sliced

Motion Affordance a.
Human-Object behavior

Human pinching the 
oblique edge to clip.

Human slicing the 
mango to ease the 
peeling process of 
mango pulp.

Human slicing the 
mango to ease the 
peeling process of 
mango pulp.
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+

+

+

+

Object B/B’:
Application

Remark

Stored/
Expanded 

Stanby/Picking

Central illumimation/
Environment illumimation 

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition

Simplified form

Identification / Intuition
Table 2 (continued):
The analysis of case study 
on the basis of the equa-
tion of AaA’-BaB’ Theo-
rem
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          As this thesis mentioned earlier, affordance implies the possibilities existing in the 
environment. Designers observe our surroundings and find similarities among two or more 
products. In the last two sections, this thesis identified various creative approaches adopted 
by designers to innovatively transform user experiences through employing the appearance 
or properties of one object in an another one. 

          It is noticeable that humor is a crucial aspect in this type of design.  The term humor 
is generally used to describe a ridiculous, incongruous, funny or illogical human, object or 
happening. It is most likely caused by the irregularity of things and occurrences, and only 
established when the conflicts are resolved as stated in Incongruity Resolution Theory (Li, 
2013). While the functionality of a product is usually considered as a critical factor of what 
a good design is, the emotional side of user experience is of equal importance. As our un-
derstanding of the human brain and behavior increases, it is proved that the relationship 
and interaction between individuals and daily objects are regulated by both human cogni-
tion and emotion. Therefore, users’ impression of and satisfaction with a product relies on 
whether there is a pleasant and positive user experience (Norman, 2013). The design which 
follows the concept of AaA’-BaB’ theorem is to create a disruption to users’ ordinary experi-
ence of a product. Consequently, the user may have a humorous and positive feeling during 
their exploration, as well as after their findings of how to use these novel products.

         The category of remark in table 2 illustrates the level of simplification of each design by 
measuring the degree of how intuitive it is to identify the way to use the product. The mark 
titled simplified form indicates the minimum appearance of the final design BaB’. If a BaB’ 
design bears lesser resemblance to either the shape of object A or the properties of object B, 
there would be fewer aspects in the design for users to make a connection between it and 
the object A or B, and vice versa. The ideas of First Wow and Later Wow describe users’ subtle 
perception and experience of a product (Fukasawa et al., 2008). Compared to the First Wow, 
which is caused by an eye-catching object that attracts the attention of viewers at first sight, 
Fukasawa argues that a low-profile object which requires more time to notice would intrigue 
a genuine amazement, that is the Later Wow. Among the cases listed above, the products 
that are less obvious in their simplified form demand more time to engage from users, yet 
they provide a more inspiring and rewarding user experience.

          By comparing the projects in the table, it is evident that for designers to minimize 
the appearance of a BaB’ design is to reduce the visual codes signifying the object it took 
inspiration from. In other words, the design that follows the AaA’-BaB’ Theorem generally 
adopts a design strategy of giving a new and surprising look to an existing product (Ludden, 
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Schifferstein & Hekkert, 2008). The different look of the familiar object B derives from the 
inspirational human-object behavior (a) of object A. It is critical to focus more on the form 
which follows functionality, such as the kinetic structure, rather than on the visual impres-
sion of the origin of the design inspiration. Therefore, users can spontaneously find out 
properties that are innovative, interesting and exciting in the product throughout their in-
teraction with it. They will then to be delighted by their own findings.  

          The choice of inspiration and application objects AaA’-BaB’ theorem should be deliber-
ate. Although a refreshing and surprising design can evoke new experience, the unpredicted 
happening can also mislead people to an unwanted and failing disappointment (Ludden, 
Schifferstein & Hekkert, 2008). Not all objects with different human-object behavior can 
be put together. Even if there is a possibility of combination, the applicability of the design 
should be thoroughly considered. In Design Dissolving in Behavior, Fukasawa (Fukasawa et 
al., 2008) states that the smooth movements of humans are resulted from the unconscious 
reconciliation between our body and the environment. Instead of using a brand-new color 
or form to achieve a consciousness-raising design, designers should integrate this concept 
of reconciliation into their works. Design is a collective cognition resulted from a shared 
behavioral experience of the designer and the user (Fukasawa et al., 2008). Therefore, the 
essential element and characteristic of AaA’-BaB’ theorem are human-object behaviors and 
the kinetic structures facilitating the behaviors. This approach also corresponds to Fukasa-
wa’s design concept. The form of a design should be minimalized to the level that people can 
understand the design by bodily and intuitively engaging with the design.

a

A B

X
a

Object A involving 
Human-Obeject behavior (a)

Human-Obeject behavior (a) 
not applicable in Object B

Human-Object Behavior

Object

Figure 2-19: 
Not all objects with 
different human-object 
behavior can match one 
another
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2-3 Human Psychology and Behavior

          Commenting on psychologist Daniel Gilbert’s essay, How Mental Systems Believe, Dan-
iel Kahneman (2011) notes that “understanding a statement must begin with an attempt to 
believe it: you must know what the idea would mean if it were true. Only then can you de-
cide whether or not to un-believe it” (p. 81). At the beginning of my thesis research, I already 
had strong feelings towards the vague idea of AaA’-BaB’ theorem that is developed from my 
observation and perception of the material world I live within. As a result, this study then 
endeavors to investigate the hypothesis and hopefully validate it. In the previous sections, 
the thesis had moved from a discussion of my personal inspiration to a focused benchmark-
ing study on existing products. This thesis will now move on to address the key aspects of 
the research theme — human, in particular the psychology and behavior of human beings. 
In addition, I will use myself and my thoughts as an example in explaining these theories. 

          Whilst the definition of human behavior can be simply described as the act of a per-
son taking a particular action. However, it is how we, as humans, behaves throughout our 
lifetime that is worth investigating. Psychologists and scholars have been studying how our 
body and mind function. Despite different systems of classification, the dominant practice 
in the current academic discussion is to divide human thoughts, the driver of our actions, 
into two levels. American cognitive science researcher Don Norman (2013) titles the first 
level emotion and the second cognition, whereas Daniel Kahneman, an Israeli American 
psychologist, uses System 1 and System 2 to refer to the two levels in his book Thinking, 
Fast and Slow (2011). Both theories suggest that the human mind is controlled by two sys-
tems: one automatically and rapidly processes information input without the involvement 
of consciousness, and the other requires a longer time to generate thoughts, decisions and 
reflections.

          Figure 2-20 illustrates the comparison between Norman’s and Kahneman’s model con-
cerning the human mind and behavior. In Norman’s model, human thoughts can be further 
classified in terms of the amount of participation of one’s emotion and cognition into three 
sub-levels: the visceral, behavioral, and reflective level.
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          In his model, Kahneman believes that it is easier for people to understand the theory by 
using fictional characters and names like System 1 and System 2 than employing academic 
terminology. In my opinion, both styles are clear and informative. Nevertheless, to better 
reifying the imagination of how my brain works, which is like two little me collaborating 
with one another inside my brain to control my behavior, I decide to adopt Kahneman’s 
terminology of System 1 and System 2 in this thesis.

DON NORMAN
The design of Everyday Things, 2013

Daniel Kahneman
Thinking, Fast and Slow, 2011

the Visceral Level System 1.Emotion

the Behavioral Level

the Reflective LevelCognition

Conceptial Model the Associative Machine

System 2.

Figure 2-20: 
Both theories suggest 
that the human mind is 
controlled by two sys-
tems: one automatically 
and rapidly processes in-
formation input without 
the involvement of con-
sciousness, and the other 
requires a longer time to 
generate thoughts, deci-
sions and reflections.
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2-3-1 The two systems in our mind

          Drawing upon both Norman’s and Kahneman’s models addressing the relationship 
between our minds and behaviors, I imagine that everyone has two little selves living inside 
his or her mind. System 1 is the diligent, active and spontaneous one. It controls a person’s 
physical and emotional reactions to the environment, operating in a subconscious and in-
tuitive manner without the participation of one’s cognition. Some examples of what System 
1 does on the visceral level are a person’s fear of darkness or dislike to bitter food. These are 
both reactions generated subconsciously. Furthermore, it also manages some simple tasks 
on the behavioral level, for instance, learned skills that a person can perform subconsciously 
like speaking or playing a sport. On the other hand, System 2 is the intelligent, reflective and 
passive self, overseeing the demanding tasks that System 1 is not capable of doing, such as 
complicated calculation, accurate evaluation and detailed policymaking. 

          Whilst they operate on two levels and manage different tasks, System 1 and System 
2 are inseparable twins. As Norman (2013) states: “cognitive thoughts lead to emotions: 
emotions drive cognitive thoughts. The brain is structured to act upon the world, and every 
action carries with it expectations, and these drive emotions” (p. 47). The two systems are 
in fact inextricably intertwined with one another. Thus, the activation of System 1, which is 
in charge of unconscious emotions, may affect or interfere with System 2, which is respon-
sible for cognitive tasks, and vice versa. Most of the time, it is the cooperation of the two 
systems that constructs a comprehensive human behavior. Similarly, commenting on the 
mental collaboration, Kahneman (2011) says: “system 1 continuously generates suggestions 
for System 2: impressions, intuitions, intentions, and feelings. If endorsed by System 2, im-
pressions and intuitions turn into beliefs, and impulses turn into voluntary actions” (p. 24). 
In addition, Kahneman argues that System 2 is a lazy controller even though it is more capa-
ble of generating reasonable and sensible thoughts and behaviors. Indeed, the human mind 
often depends on the quick and spontaneous reactions generated by System 1 to lesser the 
workload of System 2 and avoid the depletion of mental power. However, when it comes to 
a more complicated and trickier situation, System 2 would take over the process of decision 
making. Whether the two systems distribute the tasks equally or there is a main player with 
the other being a supporter, it is the well-performed collaboration of two systems that makes 
every individual a unique being.  



47

2-3-2 Born as an intuitive storyteller

          A key aspect of this thesis is human intuition. It was my gut feeling and beliefs of my 
design thinking, which I could not articulate even by myself, that led me to this research. 
According to John Dewey (1925), an American philosopher and psychologist, these feelings 
are intuitions, which are subconscious human thoughts that we cannot differentiate and 
recognize. He points out that “these ‘feelings’ have an efficiency of operation which is impos-
sible for thought to match,” and these instinctive thoughts “give us our sense of rightness and 
wrongness, of what to select and emphasize and follow up, and what to drop, slur over and 
ignore, among the multitude of inchoate meanings that are presenting themselves” (Dewey, 
1925, p. 244). Following Dewey’s explanation of human intuition, one can clearly tell that 
these instinctive feelings are derived from the System 1 mentioned in Kahneman’s model.

          Norman (2013) describes humans as storytellers. The human mind tends to identify the 
causes of events, and then form logical storylines to guide our behaviors. In addition, each 
individual has in his or her mind a multi-conceptual model of how things work. The mul-
ti-conceptual model bases on personal knowledge a person accumulates and learns from all 
aspects of life, regardless of its authenticity or depth. It assists an individual to understand, 
make sense of, and even predict events (Norman, 2013). The notion of associative machine 
proposed by Kahneman is similar to Norman’s model. Kahneman suggests that we are born 
with the associative machine in our mind, enabling us to generate intuitive impressions of 
causality, as well as organize ideas and make the connection between things (Kahneman, 
2011).

          Imagine our mind as a blank piece of paper when we were newly born. As we grow up 
in a society, we learn to think, live, behave, and interact with objects in our surroundings. 
Our footprints are the text on the paper, which turns into a personal database storing one’s 
experience and understanding of the world. We learn from and imitate the behavior of other

“Story resonates with our experiences and provides examples of new instances. From 
our experiences and the stories of others we tend to form generalizations about the 
way people behave and things work. We attribute causes to events, and as long as these 
cause-and-effect pairings make sense, we accept them and use them for understanding 
future events.” (Norman, 2013, p.57)
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humans in regard to things or events that we have never experienced. We continuously eval-
uate what we have experienced and reshape our perceptions of everything in order to inter-
act with new objects and events. As we gradually develop patterns of our behavior, some of 
our actions are executed subconsciously. Our minds automatically follow the pattern of our 
past behaviors and find the best action we can take. The action is performed intuitively and 
automatically without a second thought.

         Although most of the time, System 1 activates the associative machine without the 
involvement of cognition, System 2 can always refute the decision made by System 1 and 
generate a thoroughly thought arrangement. Based on what we have discovered in the op-
eration of human’s story-telling mind, it is possible to experiment with new tweaks on hu-
man-object behaviors. The AaA’-BaB’ theorem proposes a creative approach of product de-
sign by disrupting users’ ordinary conceptual models, prompting them to think and behave 
differently.

2-3-3 Bodily thoughts and tactile memories

          According to Kahneman (2011), “cognition is embodied; you think with your body, 
not only with your brain,” and “associatively coherent is the harmonious integration of cog-
nitive, emotional, and physical responses of our associative machine” (p. 51). Likewise, Son-
neveld and Schifferstein (2008) contend that “touch allows sensing one’s own body, sensing 
the self and the outside world, and the interaction between the two” (p. 43). The sense of 
touch plays a vital role in shaping people’s perception of the environment they situated in.

          The brain is not the only organ participating in human’s thinking process; indeed, the 
body and sensory systems are all involved in the generation of human thoughts. The feeling 
of touch then includes the bodily movements and emotions brought by the act. “Touching 
implies being touched simultaneously” (Sonneveld & Schifferstein, 2008, p. 41). Our tactile 
experience mainly bonds with the visceral and behavioral level of our minds. The relation-
ship between humans and objects is direct and intimate. Sonneveld and Schifferstein (2008) 
underscores that we could sense the emotional behavior of objects through their physical 
reactions to our actions. Humans make the connection between things intuitively; it is not 
surprising that the feeling of déjà vu by touching an object is the result of an individual’s past 
experiences or memories.
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          Whilst the tactile properties of an object may be interpreted by our visual, auditory or 
olfactory senses, it is only through the act of touching that people can obtain the knowledge 
of an object’s materiality and physicality, such as its weight, temperature, texture, elasticity, 
force and movement (Sonneveld & Schifferstein, 2008).  Despite the latest trend in promot-
ing intuitive user interface in the field of digital technology and media, the materiality and 
physicality of products are still missing. It is difficult for humans to feel what their actions 
are or grasp the meaning of an object when the tactual information is absent or scant. The 
tangibility of a product is thus essential to a design because we users are animals whom are 
heavily influence and governed by our bodily and tactile senses.

2-4 Culture

          According to my observation of human-object behaviors and research on the products 
adopted AaA’-BaB’ theorem, it is noticeable that cultural experiences have a great impact 
on human-object interactions. Take White Mango Light for example, the concept derived 
from a specific cultural experience of Taiwan which is the way Taiwanese people prepare 
their mangoes. A question concerning this cultural impact then needs to be addressed, that 
is how a foreigner, for example a Finn who had never traveled abroad or encountered with 
Taiwanese culture, would perceive White Mango Light, especially on the basis of mango not 
being a local fruit in Finland. 

          Each individual is situated in a particular family, culture and natural environment. 
Growing up, we learn and perceive the world in different ways. Humans cumulate, con-
sciously or subconsciously, their life experience all the time. They are then stored in a mental 
database which we can access and use later on. Moreover, they can be those we personally 
experienced, or the ones we learned or imitated from others (Fukasawa et al., 2008). Re-
turning briefly to the earlier question concerning White Mango Light, I believe that people 
without proper knowledge would still understand the design, and even be impressed by it. 
This is based on the feedback I received at a conference held during the design competi-
tion in Oulu, Finland, I understood that regardless of prior knowledge of the mango slicing 
technique, people can still learn and understand, as well as get excited and amazed by an 
innovative design.
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          Cultural influences originate from the collective living habits, customs and beliefs. In 
today’s globalized world, a product or concept can easily be interpreted variously by people 
in different cultural contexts. The renowned Japanese designer Naoto Fukasawa had a fasci-
nating comment on the question asked by Masato Sasaki, a Japanese ecological psychologist: 
why are Japaneses so intrigued by ‘affordance,’ whereas Americans are not? Although the 
concept of affordance was posited and theorized by American psychologists, it was Japanese 
designers who adopted and applied it to their contemporary design philosophy. Fukasawa 
points out that at the time the concept of affordance being introduced to American compa-
nies and industries, it was characterized as a standard of user-friendliness for user interfaces 
and ergonomics. However, he argues that the word affordance implies only a factual cog-
nitive relation amongst human, object, and environment, and it should not be employed as 
criteria for evaluating whether a design is good or ergonomic. On the contrary, Fukasawa 
(Fukasawa et al., 2008) notes that Japanese aesthetics are deeply connected to the pursuit 
and curiosity of affordance, that is, a wide variety of subtle relationships, such as the rela-
tionship of human-human, human-object, human-environment, and object-environment. 
Fukasawa’s insight into different perspectives on the concept of affordance is an epitome 
of how people from different cultural backgrounds may react to, get inspired by, or adopt 
variously the same idea.
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2-5 The Indurative Smooth Flow: 
       Soft Robotics and Metamaterial Mechanism

          There is a bus stop located on the opposite side of a four-lane bridge near my home (see 
figure 2-21). Whenever I must take a bus, I always face a dilemma of which route I should 
take to get to the bus stop. An option would be going up the stairs to the bridge, walking 
along the sidewalk to the crosswalk on the other side of the river, then waiting for the traffic 
light if it was red before crossing the road to the bus stop. Alternatively, I can walk along the 
riverbank and pass under the bridge, then turn around and go up to the other side of the 
bridge. I usually take the latter route to avoid the stairs and the possible red light. Likewise, 
there can be several methods that can be adopted to obtain the same result. For example, a 
task performed by a mechanism involving multiple hardware could also be done by a one-
piece kinetic structure. Returning to the two routes scenario mentioned above, I will now 
use it as a metaphor to discuss the idea of alternative mechanisms. Take the stairs and traffic 
lights as hinges and gears of a multi-parts mechanism, they would succeed in performing 
their assigned tasks if both function well. However, they have strict norms and conditions 
that may affect the workflow of the mechanism. For example, if there is a power outage, 
then I would not be able to cross the road safely. On the other hand, the riverside path that 
passes under the bridge resembles a single-piece kinetic structure, which provide a simple 
yet reliable alternative.

Figure 2-21: 
Illustration of my dilem-
ma over which route to 
choose
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          Robots are an exemplar of an entity composed of multiple mechanical parts. Con-
ventionally, they consist of rigid components that connect precisely with one another. In a 
TedTalk titled The Incredible Potential of Flexible, Soft Robots (2018), biomedical engineer 
Giada Gerboni invited us to reexamine the body of these robust robots rather than their 
brain. Gerboni stated in her talk that “what makes a robot precise and strong, also makes 
them ridiculously dangerous and ineffective in the real world, because their body cannot 
deform or better adjust to the interaction with the real world.” She then went on to quote 
American biomechanics researcher Steven K. Vogel in his book Better Bent than Broken 
(1995) as saying that “nature uses soft materials frequently and stiff materials sparingly.” 
Therefore, she suggested that we should look into and learn from the nature and study soft 
robotics. Soft robots have flexible bodies that can adapt to unexpected circumstances. A soft 
robot designed by a team of Harvard University researchers demonstrates the capability of 
squeezing itself to pass through a tight or narrow space. Powered by the air pumped in, the 
robot can still function after it being run over by a vehicle.

Figure 2-22: 
The flexible soft robot de-
veloped at Harvard Uni-
versity is mobilized by air 
pressure.

Image resource: 
George Whitesides Labo-
ratory
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          “Metamaterials were understood as materials—we want to think of them as machines” 
(Ion el al., 2016). When it comes to the subject regarding mechanism, I instinctively think 
of a tangible and transformable object which can be activated by a simple trigger. It has to 
be designed as simplistically as possible, and its appearance should be “honest” with the 
material it uses and the kinetic structure of it. In other words, it should maintain the prop-
erties of the material and minimize the complexity of the mechanism. I was excited when I 
found out that Ion and her team, who had been researching metamaterial mechanisms and 
the shearing grid system, have values similar to those of mine. The Shear Cell metamaterial 
mechanism consists of a five-level hierarchy from a basic cell to a deformable mechanism. 
The variants of the layout result in different functional transformations of the application, 
such as door latches and pliers. The system is based on a module, namely it can be produced 
by single-material 3D printers. The advantage of adopting the single-module system is that 
it does not need a confusing or complicated process of assembling, and the pieces could be 
recycled easily. The ideal material should be super elastic that it can return to its original 
shape after a repetition of deforming and remolding, as well as strong enough so it can en-
dure the high-pressure applying to it. Additionally, if designers can minimize the amount of 
friction in the mechanism, the system would not need maintenance like lubrication. 

          In conclusion, I suggest that the application of an intuitive kinetic structure should 
involve an indurative and smooth workflow. An indurative and smooth workflow implies a 
thorough, direct and undisputed user experience, which is tolerant of minor accidents. In 
order to achieve this, the mechanism should use flexible and durable material. Furthermore, 
a simple, single-piece modular system should be employed in the design, reducing the need 
to assemble a multi-piece work.

Figure 2-23: 
Image Right: Door latch 
application of Metama-
terial mechanism de-
veloped by Ion and her 
team.

Image resource: 
alexandraion.com
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SUMMARY of Pattern way | Inspiration

          “Inspired by life, inspiring life” is the starting point of this design research. It leads 
to my hypothesis of AaA’-BaB’ theorem, a design approach ingeniously applying a newly 
identified human-object behavior to an unexpected design object. In this chapter, I have val-
idated the probability of AaA’-BaB’ theorem by examining literature with regard to human 
psychology and behavior, as well as analyzing the existing products that adopt the similar 
design approach. The human mind follows the associative model, meaning that our person-
al experiences are accumulated physically and mentally, unconsciously and intentionally. 
Our perceptions of and interactions with the environment and events are influenced and 
governed by the model. Moreover, the tangibility of a product is critical in shaping and 
shifting our perception of it. Tactual experiences are resulted from physical contact between 
humans and objects. They include either positive or negative emotions arising from the 
interactions and the information about the materiality and physicality of objects. A BaB’ 
design surprises our brain when we figured out the incongruence of the object. In turn, a 
person gains a humorous and confident feeling about oneself. A number of methods can be 
employed in the AaA’-BaB’ approach to inform users about the incongruence of the design. 
One of the simplest ways is to incorporate the color or appearance of the object A, which is 
the inspiration, into the object B. However, not all BaB’ designs using this method are appre-
ciated. Application of tactual experiences then can be an alternative strategy to indicate the 
congruity of the design by emphasizing on human-object behavior and kinetic structures. In 
short, a successful BaB’ design should amaze and inspire people in their daily life.

In the next chapter, an BaB’ design is drafted, tested and examined following the inspiration 
and findings demonstrated in this chapter.
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3-1 Human - Object - Space

          As a product and spatial designer, I am passionate about investigating the intuitive 
human-object interactions that may influence a specific space. In other words, I design tan-
gible objects that allow users to interact with and modify a particular environment they 
situated within. My White Mango Light is an exemplary design that enables users to change 
the ambiance of a room by a simple human-object behavior. Following this design approach, 
this thesis develops a BaB’ design, which is also based on theoretical findings discussed in 
the previous chapter. This chapter is to demonstrate the development of the BaB’ design.

Figure 3-1: 
The abstract illustration 
depicts that a direct hu-
man-object interaction 
can affect a space. 
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3-2 Human-Object Behavior and Kinetic Structure Analysis

          As explained on the previous page, the final BaB’ design should have two modes: a 
closed mode and an expanded mode. The design in the closed mode can be stored easi-
ly, and it can be used to modify a space when in the expanded mode. The design process 
began with the exploration of an object A that has the potentials of transforming between 
two modes. I selected three possible items for analysis: a handheld fan, an oval collapsible 
reflector, and a paper lantern.

1) HANDHELD FAN

          Origami has been often implemented in designs requiring storing features. A
handheld fan is an exemplar of designs employing the art of origami. The paper or textile
surface can be opened or folded by a simple move of a user’s fingers.

Figure 3-2: 

Image resource: 
www.walmart.com 
(Handheld Folding Paper 
Fan)
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2) OVAL COLLAPSIBLE REFLECTOR

          Oval or round shaped collapsible reflectors are common portable equipment for pho-
tographers. The light-weight steel frame is durable and flexible at the same time so that it can 
collapse down into approximately one-third of its original size. Because the tension of the 
reflector’s structure is strong, it needs the participation of not only a user’s hands but his or 
her whole body when one is using it.

Figure 3-3: 

Image resource: 
www.amazon.com 
(5-in-1 Oval Light Reflector 
24 x 35 inch)
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3) PAPPER LANTERN

         Paper lanterns are one of iconic cultural elements in many countries in East Asia, and 
people celebrate different festivals with various designs of the lanterns. This particular mod-
el I selected is a classic type that everyone can make by themselves at home. A person can 
push the lantern inwards from both ends of it and open up the evenly placed slashes on the 
surface to make the light pass through from inside.

Figure 3-4: 

Image resource: 
www.firstpalette.com/craft/
paper-lantern.html
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Stored / Expand 
to modify a space

Stored shut/
Open to fan or cover 

Stored / Expand 
to modify a space

Stored / Expand 
to modify a space

Design BaB’: =

=

=

=

Object A/A’
Inspiration

Motion Affordance a.
Human-Object behavior

+

+

+

+

Object B/B’
Application

Packed small/
Expand to reflect light 

Hidden light/
Reveal light 

X

X

?
Table 3.
Applying the equation of AaA’-BaB’ theorem to three selected items to evaluate 
whether they have the potential to be developed into a BaB’ design.
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          Based on my observation, investigation, and analysis of each item, I concluded that only 
the paper lantern has the potential to be developed further. A handheld fan is mainly used 
for fanning, but the object can also be used as a screen to cover one’s face. According to the 
AaA’-BaB’ theorem, A/A’ cannot overlap with B/B,’ because the surprising and humorous ef-
fect of a BaB’ design may be weakened then. Moreover, the hardware mechanism employed 
in a fan design is against the indurative smooth workflow emphasized in the previous chap-
ter. There are also existing designs of space divider derived from the concept of handheld 
fans or oval collapsible reflectors. Consequently, both items do not fulfill the criteria for 
becoming a novel BaB’ design.

          The paper lantern is intriguing to me because of its simple mechanism and con-
struction. Everyone can create their own unique lantern by merely modifying the length of 
and spacing between the slashes. Moreover, with a simple inward push, a regular cylinder 
changes its form and turns into an expressive mode. The human-object behavior and kinetic 
structure of the paper lantern are widely applied to lighting fixtures because they can diffuse 
the dazzling light and create beautiful shadows. After I decided to select the paper lantern 
as my design inspiration (object A), I employed AaA’-BaB’ theorem to design an alternative 
application of this inspiration. Instead of experimenting with its form in terms of illumi-
nating features that change the ambiance of a space, I wanted to explore its potentials of 
functioning as a module, and create a three-dimensional pattern that could divide a space.
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3-3 Material, Structure, and Fabrication Test

          Instead of following a linear development, the process of material, structure, and fab-
rication experimentation consists intricately of several paralleling paths at the same time. 
The visual map (figure 3-5) depicts every step of the process and functions as an index to 
different mockups.

PLATONIC TILINGS
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Pattern Arrangement |
Process and Development
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Figure 3-5.
The visual map of my 
design development
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          In search of the modular structure for my model, I took my inspiration from regular 
polygonal tilings of the Euclidean plane. The symmetry and shapes of these plane tilings 
enable me to find the primary form for my three-dimensional pattern.

Archimedean  
Tilings

Catalan  
Tilings

Platonic 
Tilings

SKETCH   1

Figure 3-6.
Illustration of different 
types of plane tilings
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          In figure 3-7, each blue circle represents the cross-section view of a three-dimensional 
cylinder, as well as a vertex in a plane tiling. Each module of a fundamental pattern should 
be identical, so I started drawing the basic tilings in a way that every tiling has an equal 
amount of edges and every side is of equal length.

Figure 3-7: 
Blue circles are cylinders, 
and green dots or circles 
represent additional con-
nection components.
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          After the mockup 1A and 1B, I found that the structure with additional connection 
components is not stable. Therefore, I did the second sketch based on another Platonic til-
ing. This sketch shows a pattern consisting of the repetition of a Y module and an interlock-
ing system that may improve the stability of the model.

SKETCH   2

Figure 3-8: 
The illustration on the 
top shows the closed 
mode of cylinders, and 
the one on the bottom 
demonstrates the trans-
formed state after being 
pushed by the user.
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Figure 3-9: 
Sketch of the proportion
of cylinders.
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          The preliminary results (figure3-10) of sketch 1 demonstrates the problem of instable 
structure.

MOCKUP 1A

Figure 3-10.
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          The preliminary results (figure 3-11) of sketch 1 demonstrates the problem of instable 
structure.

MOCKUP 1B

Figure 3-11.
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          In order to strengthen the structure and enhance the stability of the mechanism, the ba-
sic module consists of two parts: an outer tube (in black) and an inner tube (in rainbow). By 
pushing from both ends of the outer tube, the inner tube can hide neatly in the outer tube.

MOCKUP 1C

Figure 3-12.
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          The mockup of the second sketch (figure 3-8 and 3-9) showed an improvement in the 
stability of the structure. Consequently, I decided to continue developing this structural 
pattern.

MOCKUP 1D

Figure 3-13.
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          Doubling the layer of the three-dimensional pattern may be an alternative way to im-
prove the stability of the structure.

MOCKUP 1E

Figure 3-14.
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          In order to scale up the model, I considered increasing the thickness of the cylinder 
so that the structurality of the pattern could be reinforced. In this mockup, I also tested the
method of how to etch rails, which are there to guide the movement of the kinetic structure, 
on the surface of the tubes.

MOCKUP   2

Figure 3-15.
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          Paper can easily be damaged and worn, so it is not an ideal material for this design. 
Nevertheless, I learned more about the geometry and transformable properties of cylinder 
from my experimentation with etching and folding techniques of cardboard. I also imple-
mented magnets to test the movement of the kinetic structure, yet this test failed due to the 
interference of magnetism.

MOCKUP   3

Figure 3-16.
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          Unlike paper, the properties of plastic are more flexible and durable to sustain a repe-
tition of remolding and moving. In order to customize a plastic model, I tested the regular 
PLA 3D printing on Ultimaker 2. The mockup broke into pieces in my first attempt to trans-
form it. This was because the conventional PLA is not elastic enough, while the seamline 
caused by extruding fabrication became a weak point of the model.

MOCKUP   4

Figure 3-17.
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          The kinetic structure I designed requires a high standard of both flexibility and struc-
turality; therefore, I sought for a 3D printing technology that is more advanced. EOS SLS 
Formiga P100 (in white) and HP MJF 4210 (in grey) are two similar powder-based 3D print-
ing technologies. The samples printed by them are more durable than the that by regular 
PLA 3D printing technology. 

MOCKUP 5A 

Figure 3-18.
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The sketch and image demonstrate the process of modifying details of the model as well as 
the discussion I had with the manufacturer about how to enhance the structural durability.

Figure 3-19.
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          These images (figure 3-20 and 3-21) show the bones of outer tubes and the revised 
design of inner tubes, as well as the sliding rails and fastening details.

MOCKUP 5B

Figure 3-20.
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Figure 3-21.
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Poor - medium - Good - Excellent
1-10

HP MJF 4210

Structure 
Medium (6)

Visual 
Good (8) - Surface texture: Matte / Texture

Fabrication 
Excellent (9) - direct / precise / rapid

Price 
Poor (3) - high budget

Tensility 
Good (8)

Repeatability 
Poor (2)

Tactility
Good (8) - Texture / Solid / Tensile experience

Poor (2) - Fragile

Figure 3-22: 

Image resource: 
3Dnatives.com
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Fabrication method:
          HP’s unique multi-agent printing process begins with applying a layer of chemical pow-
der in the working area. Meanwhile, it prints fusing and detailing agents across the working 
area in the opposite direction. Fusing and printing are done at once.

Fabrication feature:
- Printing time is up to 10 times faster than the average printing time of comparable fused 
   deposition modeling (FDM) and selective laser sintering (SLS)
- Excellent dimensional accuracy and fine detail

Printer specification info: hp.com/go/JetFusion3Dsolutions

Pros and Cons:
- Visually appealing surface texture and pleasant tactile experience
- Excellent in printing detailed interlocking components together

- The strong and stable tensile structure makes it snap easily and lacks the flexibility to 
   return to its original form 
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          In order to test silicone casting, I designed two molds to cast outer tubes in two different
thicknesses. I used Formlabs 2 to print the internal molds, which is built with details for the
possibility of aftertreatment like cutting and engraving on the silicone model.

MOCKUP 6A

Figure 3-23.
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Figure 3-24:
Formlabs 3D printer 
prints the models with 
supporting structure and 
exposes the models to 
UV light
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          I have conducted several printing tests of the inner tubes’ moving components with the
Formlabs printer to ensure a successful printing process. In this case, the movable parts need
to be printed separately and then the edge parts need to be affixed to the main body.

MOCKUP 6B

Figure 3-25.
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Figure 3-26:
The model is built by 
layers of dipping process 
into the resin tank while 
being hardened by laser.

Figure 3-27:
The printing setting, such 
as the printing angle and 
location of supporting 
structure, can be adjusted 
in Preform software.
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Poor - medium - Good - Excellent
1-10

FORMLABS 2/3

Structure 
Medium (6)

Visual 
Good (8) - Surface texture: Matte / Texture

Fabrication 
Excellent (9) - direct / precise / rapid

Price 
Poor (3) - high budget

Tensility 
Poor (1)

Repeatability 
Poor (1)

Tactility
Good (8) - Texture / Solid

Poor (2) - Fragile

Figure 3-28: 

Image resource: 
www.crea3d.com/en/form-
labs-3d-printers/615-form-
labs-form-3.html
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Fabrication method:
          Formlabs 3D printer utilizes SLA stereolithography printing technology. The technolo-
gy creates prints layer-by-layer with photochemical processes. A printing platform dips into 
the tank full of liquid resin, and the programmed high-power-density laser exposes and so-
lidifies the printing area to complete each layer. The print will be complete after a repetition 
of the aforementioned processes, and it has to be washed by particular alcohols. Finally, the 
print must be exposed to UV light to increase its durability.

Fabrication feature:
Pinpoint precision guarantes clean, unburnt laser spots, a consistent quality of prints, and
the use of translucent materials that need no aftertreatment

Printer specification info: formlabs.com/eu/3d-printers/form-3/

Pros and Cons:
- High-precision prints with smooth surfaces straight from the printer. Good for printing
   detailed and small components. 

- Poor flexibility would cause prints to snap easily.
- Limitation caused by and material waste of supporting structure.
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          The image on the top shows the casted silicone models in two different thicknesses. The 
thicker one is selected for further research because of its stronger structurality. 

MOCKUP 7A

Figure 3-29.
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Figure 3-30:
The images show the 
casting process with the 
first casting molds.
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          Although silicone has a satisfying quality of flexibility and transparency, it lacks
structurality that can expand the whole structure completely. Therefore, I added slots to
the silicone branches to insert supporting structures. 

MOCKUP 7B

Figure 3-31.
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Figure 3-32:
The images show the 
casting process with the 
final casting molds.
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          I also added colorants to silicone in the casting process. The gradients of colors gave
the kinetic structure a different impression comparing to the monotone version.

MOCKUP 7C

Figure 3-33.
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Figure 3-34:
The images show the 
casting process with col-
orants added in the sili-
cone.
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Poor - medium - Good - Excellent
1-10

SILICONE CASTING DIY

Structure 
Poor (3)

Visual 
Good (8) - translucent / matt

Fabrication 
Poor (3) - slow / inaccurate

Price 
Medium (6) 

Tensility 
Excellent (9)

Repeatability 
Excellent (9)

Tactility
Good (8) - matt / smooth / flexible

Poor (2) - soft

Figure 3-35.
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Fabrication method:
          A mold is required for the model casting technique. I designed and made a mold with 
plywood boards and used Formlabs 2 (first trial) and Stratasys Object 350 (final prototype) 
to print the meticulous components of the mold. Before the casting process, it is crucial to 
prepare the mold carefully, such as designing the mold that can assemble easily and applying 
releasing agents to the surface that will be in contact with silicone. The self-casting process 
begins with weighing raw silicone XTX45 and its hardener with a 10:1 ratio. The pot time 
of XTX45, which is the time the silicone starts hardening after mixing with the hardener, is 
75 minutes. In my case, one tube requires 30g of silicone (part A) and 3g of hardener (part 
B) to cast, and I found out that the most efficient way is to cast three tubes at a time. First, 
I mixed the silicone with the hardener for approximately four minutes, and then I put it 
into the casting vacuum machine for two minutes to extract the air bubbles in it. After that, 
I carefully poured, in a continuous and narrow stream, the viscous silicone into the tube 
molds to avoid trapping any air inside the mold during the process. While the outer mold 
was almost filled with silicone, I slowly inserted the inner mold into it. The casting process 
was then completed, and it would need 14 hours to fix. In addition, it was helpful to open 
the mold with the help of an air pressure gun.

Pros and Cons:
- The soft and translucent characteristic of silicone XTX45 provides a more approachable 
   and satisfying feeling, a contrast to the industrial and robotic style.
- Durable and highly flexible.

- Low fabrication accuracy and efficiency. 
- No structural supports can be attached except by inserting.
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          Stratasys Object 350 is an advanced printer that can print bigger models with various 
materials, such as rubbery and hard materials, at the same time. I printed two versions of 
the same model using rubber of different scales of hardness. The harder one started to crack 
after several moves.

MOCKUP 8A

Figure 3-36.
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Figure 3-37:
The printing quality of 
Stratasys Object 350 is 
superb, so it is possible 
to print cylinder-shaped 
objects horizontally.
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MOCKUP 8B

          This mockup failed when I tried to assemble several modules. The process of removing 
the supporting material was difficult and time consuming. Moreover, the rubbery material 
is not durable, and the mockup broke into pieces eventually.

Figure 3-38.
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Figure 3-39:
The precision of Stratasys 
Object 350 is excellent. 
It can print detailed and 
multi-material designs 
and interlocking struc-
tures all at once
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MOCKUP 8C

          Despite this fabrication method is not suitable for producing the final model, it is per-
fect solution for printing the long molds for my final silicone casting.

Figure 3-40.
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Figure 3-41:
While it is tedious to 
wash and clean the soft 
supporting materials off 
of the printed models, 
this fabrication provides 
a possibility to small 
and delicate details like 
notches and hooks.
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STRATASYS OBJET 350

Structure 
Medium (4)

Visual 
Poor (2) - Surface texture: glossy / mechanical

Fabrication 
Excellent (7) - direct / precise / rapid

Price 
Poor (3) - high budget

Tensility 
Medium (6)

Repeatability 
Medium (4)

Tactility
Medium (5) - plastic / sticky flexible material

Poor (2) - fragile

Figure 3-42: 

Image resource: 
aniwaa.com

Poor - medium - Good - Excellent
1-10



103

Fabrication method:
          Stratasys Object 350 works like other normal 2D printers, it prints multiple materi-
als and supporting structures directly onto the printing platform in layers. The supporting 
structures are constructed by a softer material than that used by the main body, so they can 
be washed away by high pressure water.

Fabrication feature:
- Simultaneously 3D prints multiple colors and materials
- Flexible materials of different scales of hardness are available
- Ultra-fine accuracy and smooth surfaces for connecting components

Printer specification info: www.stratasys.com

Pros and Cons:
- Multi-material printing is suitable for designs that have both strong and tensile parts 
   because it can print separate parts of a design with different materials all at once.

- The model is too fragile, and the tensile property of the flexible material is not strong 
   enough. The model breaks easily during the process of removing the supporting structures.
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MOCKUP   9

          I did another test with ZYYX 3D Printer to extrude flexible material. Unlike the early 
samples of PLA printing, this print was super elastic, strong, and durable. Yet, the appear-
ance and tactile experience of the casted silicone mockup were more appealing. Therefore, I 
did not choose this method to produce my final prototype.

Figure 3-43.
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Figure 3-44:

ZYYX 3D Printer 
printing in process.
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SUMMARY of Pattern Arrangement | Process and Development

          The design and experimentation process started with the search for intriguing hu-
man-object interactions and kinetic structures that may cause spatial changes. According to 
my AaA’-BaB’ theorem, the design object of BaB’ should provide unexpected and inspiring 
user experiences rather than merely create variations of an existing product. Among the 
three potential inspiration objects, the paper lantern was the only one that could be devel-
oped into a new BaB’ application. Instead of becoming another kind of lighting fixture, it was 
developed into a dynamic pattern that could divide a space by a simple touch of a person.

        In order to construct a kinetic struc-
ture to divide a space, I integrated the concept 
of modular system into this project. Every 
lantern piece is a single module, and it can 
be assembled into a larger three-dimension-
al pattern. With limited time and resources, 
I carried out experiment to test seven dif-
ferent materials, structures, and fabrication 
methods. The development of the design 
was quite winding and complex rather than 
linear. Nonetheless, the overall learning and 
discovering process had led me to the current 
prototype. I chose to combine two materials 
and fabrication in a single module, which in-
cludes: a self-cast silicone outer tube, an inner 

tube with sliding components attached to both edges, and six thin bones manufactured by 
HP MJF 3D printer. From the perspective of my rational thoughts, silicone has the ideal 
elastic and durable properties to repeat the dynamic movement without breaking. The rigid 
components are locked into the silicone slots while the friction between two different mate-
rials can support the structure of the module. On the other hand, my intuitive mind enjoys 
the visual and tactile experience of the translucent, self-cast silicone that has trapped air 
bubbles, which were caused by manual casting. The impression of the hard, grainy structure 
wrapped by the soft silicone strikes an interesting balance between hand-made crafts and 
industrial production. The result presented in this chapter will be further developed and 
analyzed in the next chapter.

Figure 3-45: 
One module is composed 
of a self-cast silicone out-
er tube, an inner tube 
with sliding components
attached to both edges, 
and six thin bones man-
ufactured by HP MJF 3D 
printer.
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4. 
Pattern 
Example | 
Outcome 



108

Figure 4-1: 
Lantern Divider in 
the closed mode
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Figure 4-2: 
Lantern Divider in the
expanded mode
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Final Design: Lantern Divider

          Lantern Divider is a single-module, kinetic-structural system that can 
be operated in two modes: closed mode and expanded mode. The concept 
of design is derived from the structure of a kind of traditional paper lan-
terns, which has a cylinder-shaped surface with vertical slashes being even-
ly distributed on it. The structure of the lantern is gently squeezed by users 
from both ends, opening up slashes on the surface and letting the light pass 
through. By employing this kinetic structure and the related inspirational 
human-object behavior, Lantern Divider allows a user to store the space 
divider in a wrapped form, as well as expand the structure by a simple push.
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Figure 4-3 (opposite 
page top image): 
Lantern Divider in the 
closed mode

Figure 4-4: 
The appearance of the 
design is inspired by 
branches covered with 
frost

Figure 4-5: 
Lantern Divider in the 
expanded mode
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          Developed from a set of two-dimensional patterns Platonic Plane Tilings, Lantern 
Divider is a modular system consisting of the replications of a three-dimensional pattern. 
It requires a minimum of seven modules to assemble and has the capability to scale up in 
accordance with the needs of users. Figure 4-6 is an illustration depicting an ensemble of 200 
modules. On the left corner of the image is a Lantern Divider in the closed mode, which can 
function as a stool or a side table. Lantern Divider in the expanded mode, which looks like 
a see-through mesh divider, works as a subtle divider. It creates individual areas for people 
without blocking or disrupting the shared ambiance and atmosphere of the space.
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Figure 4-6: 
Illustration of Lantern 
Divider depicting an en-
semble of 200 modules.

Figure 4-7: 
Photograph of Lantern 
Divider in real life.
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Figure 4-8: 
Close-up image of 
connection details.
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Figure 4-9: 
Close-up image of the 
air bubbles trapped in 
the translucent silicone 
model, creating an 
interesting texture 
caused by the manual 
silicone-cast technique.
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5. 
Conclusion 
and
Further 
Development
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          This thesis aims to investigate the intuitive interaction between humans and tangible 
objects by combining an examination of psychological studies and a hands-on design exper-
imentation. As an industrial designer with transdisciplinary expertise, I identified a number 
of definitions of pattern relating to the subject of this research. Based on my research, I de-
veloped a design procedure titled the Pattern Cycle and subsequently followed the procedure 
to design and create a novel and dynamic three-dimensional pattern design that can be used 
to divide a space. 

          The human mind is divided into two levels, an intuitive level and a rational level.  To-
gether with the sensory system of human body. The collaboration of the human mind and 
body instructs us on how to react, physically and emotionally, towards events and our sur-
roundings. We have associative systems that accumulate past experiences to assist ourselves 
in making decisions rapidly without the participation of cognition. If there are enough en-
coded clues linking to behavioral patterns or tactile memories in a product design, it is 
possible for people to spontaneously discover the way to use the product. However, the 
intuitive reactions of human beings may function at different rates, that is, people may react 
differently to the same object within a few seconds. It is then the subtle balance between the 
intuitive reactions of users and the later realization and comprehension of the design that 
makes a design genuinely pleasing object for people to love and remember. Based on the 
aforementioned notions concerning human psychology, I developed a hypothesis of AaA’-
BaB’ theorem to address how to apply a human-object behavior to a designed object. This 
theorem was my answer to the first research question. It was examined and validated in the 
chapter of Pattern Way | Inspiration. In addition, a successful BaB’ design could inspire and 
have positive effect on users and give them a humorous user experience.

How do our minds and body function and respond to 
objects and the environment around us in real life?
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          Among a range of functional products, I selected movable and transformable objects as 
the focus of my research due to their capabilities of assisting people in arranging spaces. The 
kinetic structure of traditional paper lanterns became the origin of my design of the module.
This module was then duplicated and assembled to create the modular system of Lantern 
Divider, a concept that had been tested and improved throughout this thesis.  Meanwhile, 
I simplified its resemblance to lantern due to technical issues and personal preference. Al-
though people might not be able to immediately associate the module with the origin of the 
design — paper lanterns, I hope the design would have a “Later Wow” effect on people when 
they  push the kinetic structure to gather or expand the divider in a space, and realize the 
background of the design.

          It was a challenging task to break through boundaries and create an original design 
distinct from my previous work. The current prototype of the Lantern Divider does not fully 
achieve my goal of creating a free-standing kinetic structure due to the limitation of time 
and fund. This research is a process of learning for me. Despite having many doubts and 
struggles along the research, I am still satisfied with my findings. With regard to the Pattern 
Cycle, the work depicted in the chapter of Pattern Example | outcome is not the end. I look 
forward to continuing improving and perfecting the final model and observing how people 
will interact with Lantern Divider in real life. Furthermore, I would like to repeat the process 
of the Pattern Way | Inspiration to observe the human-object behavior stemmed from the 
design I created and apply translate this new observation into another novel application.

What object could be created to influence the space it 
situated in through the direct and intuitive interaction 
between the object and its users?
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           Additionally, there are some alternative thoughts about the kinetic structure of Lantern 
Divider. I found that it could form organic curvatures. Moreover, by scaling the system, it 
has the potentials to be further developed into a large architectural structure or mini flexible 
structures in artificial composite materials.

           Finally, the title of this thesis “A LIVING PATTERN” describes not only the evolving 
progress of human-object behaviors addressed by the Pattern Cycle but also implies that a 
functional and dynamic kinetic-structure can act like a life form capable of interacting with 
human beings in a specific space.

Figure 5-1a,b: 
Lantern Divider in an 
alternative curving 
position
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