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Chapter 1
Introduction

1.1 Background and Significance of the Problem

From the past to the present, human beings have used creativity to play a role
in many lives, whether it is culture, lifestyle and facilities with many things arising
from the imagination of people in the past will continue to inspire and push people

today to extend their imagination to creative ideas.

The definition of imagination is the ability to produce images in the brain that
may not be perceived through sight, hearing or other senses. That can be considered as
an important aid in piloting knowledge into practical applications. In terms of
creativity, it is different. Creativity is that human beings have the ability to piece
together the meaning of things through sensory perception and experience in a way
that relates various information within the brain are analyzed to produce new and
different results, which by human creativity and good imagination will bring many
benefits for example help us to develop the potential of the brain, make us more
intelligent, witty, sharper because the brain has more flexible work and also helps to
more open and neutral fearning mindset, It helps to be ready to cope with changes and
find new aspects and ways of living with new ways to solve problems, Increases

positive emotions, reduces stress and invigorates life.

In this research, the context that helps people's creativity in modern times is
studied to obtain interesting datasets that can be further developed and applied in
design work. In this work process, it is necessary to study the process that stimulates
imagination and creativity, as well as to study the concepts of human beings in each
age group whether they are different or not and what factors affect changes and collect
data



According to the results of a study to test creativity (Land & Beth, 1992) as
in Figure 1.1 below, in a longitudinal test of creative, NASA study found that of 1,600
children’s 5 years old got 98 percent scored at “Creative Genius Level”. Five year
later in the same group of children got 30 percent and five years later again have only
12 percent and when the same test with 280,000 adults (31 year). This shown that
creativity can tend to decline while we have to learn and face more of the real world
and what if creativity persists with us and can adapt this applicable to life in the

future.

Percentage Of Creative Geniuse

== Parcentage of creative geniuse
98% g 9

30%

12%
2%

e

Age5 Age 10 Age 15 Age 31

NASA's Creativity Test recruited innovative engineers and scientists romthe
same childrens ofdifferent time (5- 15 year)

Figure 1.1 Test results from NASA’s Creativity test recruited innovative engineers
and scientists form the same children at different time (5,10 and 15 year)
compared to adults (31 year)

Source: Land & Beth, 1992



1.2 Research Objectives

1.2.1 To study the factor to stimulate imagination and creativity.

1.2.2 To study the design process of tools that promote the development of

the imagination and creativity.

1.3 Research Methodology

The method of conducting the research is as follows.

1) Researching and collecting information related to promoting the
development of children's imagination and creativity.

2) Data analysis

3) Thinking process in design and development.

4) Materials used to create designs.

5) Observe, record images, experiment for actual use in order to
study and analyze the relationship to encourage creativity and imagination with the

design work.



1.4 Research Framework

Collect and research relevant information.

Analyze the data

-------------- Concept in design [~======""""===--

AR

System Suitable use for
children

Design work in accordance

with the design concept.

Prototype development

Experiment and improve both design

and materials.

e The possibility of actually creating
e Strength in use
e Suitability for use in children

l

Final Prototype

Figure 1.2 Research Framework




Chapter 2

Literature Review

2.1 Cognitive development

Jean Piaget's Theory of Cognitive Development proposes that children go
through four distinct learning stages. The theory understands how children acquire

knowledge at different ages.

The first phase Sensorimotor range from birth to 2 years, are able to perceive
through movement and senses by learning through basic physical actions such as
grasping, looking, and listening, the next stage is the Pre operational stage, from 2 to
7 years old their able to use pictures to represent objects Concrete operational stage
Ages 7 to 11, The key features and developmental changes in this stage are:
Beginning to think logically about concrete events Beginning to understand concepts
of conservation There will be more logical and organized thinking but it's still very
concrete. In Formal operational stage, age 12 and older, begins to think abstractly and
reason about hypothetical problems, thinking more about moral, philosophical,

ethical, social, and political issues (Cherry, 2022). as.in Table 2.1

This section should provide enough detail to allow full replication of the
study by suitably skilled investigators. Protocols for new methods should be included,

but well-established protocols may simply be referenced.



Table 2.1 Jean Piaget's Theory of Cognitive Development proposes that children go

through four distinct learning stages.

No. Stage

Cognitive development

l. Sensorimotor

¢+ Know the world through movements and

sensations.

++ Learn about the world through basic actions

such as sucking, grasping, looking and
listening.

¢+ Learn that things continue to exist even

when they cannot be seen. (Object -
permanence)

% Realize that they are separate beings from

the people and objects around them.
Realize that their actions can case things to
happen in the world around themselves.

. Pre-
operational

Beginning to think symbolically and learn
to use word and pictures to represent
objects.

Tend to be egocentric and struggle to see
things from the perspective of others.
Getting better with language and thinking
but still tend to think in concrete terms.

. Concrete
operational

7-11 years

Beginning to think in logically about
concrete events.

Understand the concept of conservation; for
example, thinking that the amount of liquid
in-a short is wide cups equal to that in tall.
Thinking becomes more logical and
organized but still tend to think in very
concrete terms.

V. Formal
operational

12 years up

X3

25

% Beginning to think abstractly and reason

about hypothetical problems.

Beginning to think more about moral,
philosophical, ethical, social and political
issues that require theoretical and abstract
reasoning.

Beginning to use deductive logical or
reasoning from a genital principle to
specific information.

Source:Cherry, 2022



2.2 Creativity

Torrance said, “Creativity is defined as a process in which a person is
sensitive to problems, flaws, gaps in knowledge, missing or inconsistent, and sensitive
to discernment and finding solutions. problem solving sensitive to guesses or
assumptions about defects Test and retest the hypothesis until finally the results can

be shown to others.”

Gilford said, “Creativity is the brain's ability to think in multiple directions.
which can start fluency in thinking flexibility in thinking and the ability to compose
and give new explanations that follow the logic to find just one correct answer. But
the most essential element of creativity is originality. Creativity is not a talent that a
person has but it is a quality that exists in a person, which is not equal and individuals

manifest themselves at various levels.”

2.2.1 Components of Creative Thinking

The four components of creative thinking as follows (Guilford, 1967)

1) Fluency in thinking means producing many ideas in a brief time.
Then choose the best ideas to solve problems, including the ability to change the
direction of thinking as well.

2) Flexibility in ‘thinking means finding multiple approaches to
solve a problem instead of using only one approach by analyzing the problem from
multiple perspectives.

3) Initiative means finding innovative approaches or different
methods, including different ideas, may be caused by adapting prior experience and
knowledge.

4) Elaboration means analyzing concepts until examining details

more clearly.



2.2.2 Creative Process

The traditional Four Stages of the creative process by the theory of Wallas,
1962 (Skillicorn, 2021).

1) Preparation It is collection or identification of problems that arise.

2) Incubation The process of cleaning up the information obtained.

3) Hlumination The process of arranging and connecting ideas until

they become clear images.

2.2.3 Basic types of creativity

4) Verification Testing and proving opinions.

Creative insights can be the result of two processing modes, deliberate and

spontaneous, each of which can guide neural computation in structures that contribute

emotional content and in structures that supply cognitive analysis. Crossing the two

processing modes with the type of information yields the four basic types of creativity

shown as in Figure 2.1 below. (Dietrich, 2004).

Processing

Deliberate

— Spontancous |

Knowledge Domain

Cognitive

0 ¥ [
Leccrsrssscssscssscsscsssmeneaan= Leccsrssnscsscssssssassnsansnsanan L)

Figure 2.1 Type of Creativity (Deliberate mode—cognitive structures, Deliberate

mode—emotional structures, Spontaneous mode—cognitive structures,

Spontaneous mode—emotional structure)
Source: Dietrich, 2004



2.2.4 Variables effect to children’s creativity

Based on the results of the Friedman's assessment of the factors of creative
effectiveness of children using the test, the effect of each factor on children's
creativity differs, shown in Table 2.2 Shows the top 5 variables with the highest score:
motivation to play, Innovation, environmental survey, relaxing the mind and
imagination of the child. In section the lowest scores 5 variables were familiarity with
the original conditions, competition, pressure, number of children in the family and
the gender of the child (Azeri, Reza Parvizi, & Hosseini, 2015).

From the above research, it is interesting to reveal that the most influencing
factor affecting creativity in children is the motivation for playing. Therefore, the

researcher is interested in focusing on the playing system that sends creativity.

Table 2.2 Ranking the effective factors in children’s creativity (questions of the

questionnaire) by Friedman’s test.

Rank Effective factors in children’s Mean ranks
1 Motivation to playing 41.74
2 Innovation 40.89
3 Exploration in the environment 39.91
4 Mental relaxation of the child 37.60
5 Imagination 37.46
46 Getting used to the condition 11.71
47 Competition 11.68
48 Pressure 9.83
49 No. of children in the family (home) 9.27
50 Child’s gender (boy or girl) 5.70

Source: Azeri et al., 2015



Chapter 3
Research Methodology

3.1 Target Group of Study

According to the foundation of Piaget's theories, children in the Concrete
Operational Stage of Cognitive Development have a fairly good use of inductive
logic, that is, to make connections from specific experiences to general principles.
The ability to focus on multiple parts of the problem and another important
development at this stage is the ability to think backwards, a key step towards higher-
level thinking. (Scott & Cogburn, 2023)

This stage of cognitive development also serves as an important transition
between the preoperational and formal operational stages in cognitive development
which competence increases manipulating mental information and start thinking about
other people's thoughts will play an important role in the formal process of
development when logic and abstraction continue so in the concrete operational stage
up or aged 7 years or more the term is very important in the formal process, the
researchers think it is suitable states for children that we can use to promote

development and nurture both imagination and creativity.

3.2 Research Instruments

Observation is one method used as a tool for collecting research data by
using the observer's senses by recording the observations from the collection of data
generated from testing the product after the prototype is completed. by analyzing the
data and summarizing the results the researcher will make a participatory observation,

that is, the observer participates in testing the actual use of the product by himself.
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3.3 Data Collection

In this additional 4 of case study that collecting and exploring both children's
toys, household appliances, tools, and everyday objects to study the functions and
various working systems that may affect to encourages imagination and creativity
shown in below Figure 3.1, 3.2, 3.3and 3.4

1) Chewp’s practical cooking set that assit to real cooking, allow
children get real experiences and real material. Being able to experience real situations
helps children to know how to be learning and dealing with problems better including
integrating cooking skills with toys to inspire children in future careers and activities.

Figure 3.1 Chewp, Toy cooking set, design by Bat Chen

Source: Turner, 2013
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2) Animate’s creative DIY robot kit for children between the age of
four to eight who want to bring their imagination to life through technological
construction. Each electronic element was size and color to make the construction
process more approachable against other children’s toy. Additionally, the robot’s
components and modules can be switched out for one another to enhance and diversify
interactions between the creator and finished cardboard-mechanical toy.

Figure 3.2 Animate, Design by Studio Fantasio x OPPO
Source: Kowal, 2020
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3) Deku’s modular furniture building system composed of wooden
planks that fasten together at the planks’ 45-degree, pyramid-shaped edges. This
triangular building system is essentially what allows for so many different
configurations and shape then use colorful masking tape to fasten each module
together It encourages creativity by conveying ideas quickly and resulting in more

novel results.

Figure 3.3 Deku, Design by Takuto Ohata
Source: Kowal, 2022
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4) The toys for ages 6 plus, purchased from a general toy store, there
are 48 triangle-shaped pieces that can be rotated, colorful, attractive to children as
well. The results of the experiment found that it was quite difficult and took a long

time to be able to come out with different appearances.

Figure 3.4 Toys for ages 6 plus.

Source: Researcher
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3.4 Data Analysis
The Design Concept

From the study of the mentioned case studies shown in Table 3.1 below, it
was found that the mechanisms and systems of both toys and utensils are interesting,
free to play, encourage creativity, can actually be used, help enhance the skill of
assembling things and systematic thinking skills, there is a good use of colors and

appearances that attract children's attention.

Table 3.1 Summarize case studies.

No. Name Category Appearance Interesting key points

1 Chewp Toy Wooden - Let children get real

cooking cooking utensil, experiences and real
set there is a curve content so that children
that looks safe can learn to better solve
for children. problems in life.

2 Animate Toy Colorful - The pieces of electronic
It is a piece equipment are of color
made of and size that are easy to
cardboard that identify and use, let
can be children be able to
assembled into disassemble or
an electronic assemble the robot
device. creatively and freely.

3 Deku Furniture Several - The shape of the parts
geometric pieces s relatively simple
can be put - Can be quickly
together. assembled into different

shapes.

4  Toy for ages 6 Toy Colorful - There are colors that

plus, (purchased 48 triangle look bright.

from a general
toy store)

pieces that can
rotate freely.

- The shape is simple and

can be rotated freely
into different shapes.
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The researcher has an idea to create a tool to help stimulate the imagination
and creativity in children, so the design principles must be considered into 2 issues as

follows.

1) System that Enhances Imagination and Creativity.
1.1) Functionality of various applications, has wider benefits.
1.2) Use of colors and shapes to attractive for fosters
imagination and creativity.
1.3) Simple shape not too complicated, enables children to
express their ideas quickly.
1.4) Hands-on with real materials to get acquainted with
experience in physical and mental realism.
2) Suitable Use for Children
2.1) The size and weight are appropriate that children can hold it
by themselves.

2.2) Usage that is not too complicated.

3.5 Thinking process in design and development

The researcher has designed Develop work and test the design until the
prototype has been produced in all 4 sequences (The first sketch idea, Stage 1st

development, Stage 2nd development, Stage 3rd development) as follows:

3.5.1 The first sketch idea

Based on this concept, the researcher concluded the first idea of finding a way
to connect to achieve various outcomes and a method that is not too complicated.
Therefore, it starts from sketching various types of images that lead to methods for
connecting from sheet to sheet so that they can be combined vertically and
horizontally until they can become three-dimensional objects as shown in the sketch of
the idea in Figure 3.5, 3.6 and 3.7 as the next page.
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Figure 3.5 The first sketch idea O1.

The connection of corner-to-corner connections with a pole to connect the
sheets There are 3 forms in total, namely A, B and C, which differ in degrees of angles
as follows.

A — There are 4 corners, each corner is 90°.
B — There are 4 corners, 60° each.

C — There are 4 corners, 60° and 90° each.
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Figure 3.6 The first sketch idea 02.

In the sketch, idea 2 is a seam with a flexible material. The angle of the angle
can be adjusted by moving the lock position to a larger distance to allow the material
of the connector to be tensioned, resulting in a smaller angle, which is useful for

adjusting the angle resulting in a more dimensional connection.
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Figure 3.7 The first sketch idea 03.

In this Idea 3 sketch, there is a solid bonding method with an emphasis on
strong joints both horizontally, vertically, and cornering. The splice together with the

slot size of the connector must fit the button over there of the plate.
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3.5.2 Stage 1%t development

This sketch is another idea that the developer tries to connect the shapes
together using a modular system because they want to strengthen them, but there are
limitations in many ways, whether it is a form of connection that is not too

independent and complicated as shown in Figure 3.8

Figure 3.8 Sketch idea 01 in stage 1st development.

Later, the shape was modified to be simpler by giving a square shape and
adding holes between the panels for more functionality so that it could be assembled
together by being further strengthened with pins to lock everything together as shown
in Figure 3.9 (3D images, simulating the 1st stage development model) below. The

researcher has built a model, the sequence of steps. in building is as follows.

Figure 3.9 3D Images, Simulating the 1st stage development model.
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1) In the first step, the researcher started from the design and sketch

the appearance of the connector as shown in Figure 3.10 (A, B and C).

A_
O=CGCCAH

- =C
=6

|

Figure 3.10 Sketch the appearance of the connector in the stage 1% development.
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2) In this part, 3D prints a model of a 9x9 centimeters, 5 millimeters
thick. In panel with 9 holes, pins and connectors for the next step in the silicone

casting.

$4 ¢

s

Figure 3.11 3D Prints Model (Panel, Connectors and Pins).

Source: Researcher

3) In this part, the 3D prints model is used to cast the silicone for the
connector mould, leaving it to dry for 1 day and then removing the 3D prints model
body. The next process is to mix the silicone with the desired colour and apply the
printed Vaseline all over to prevent the silicone from sticking to the print. Pour the
silicone and wait for it to dry for 1 day as shown in Figure 3.12 below. So, connector

body is made of silicone material for flexibility and strength.

Figure 3.12 Process of mold casting and making connectors.
Source: Researcher
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3.5.3 Stage 2nd development

In the second stage of development, it is considered that the size and material
of the connector are still not suitable for the load therefore, the appearance of the
connector has been improved to be larger and the material is made of plastic to

increase strength.

There are 4 appearances and functions that different
1) Vertical and horizontal connectors.
2) A gap that closes the gap between the panels.
3) Scene
4) Hinge

Figure 3.13 Connector in second stage of development.

The panel features have been adjusted to be larger (20x40, 40x40, 60x40
centimeters), 5 millimeters thick and more shapes such as triangles, circles in different
sizes that shows various details of the panel including other assembly parts as shown

in Figure 3.14 and 3.15 below.
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Figure 3.14 Detailed pictures 01 (sizes of panels).



Detailed pictures 02
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Figure 3.15 Detailed pictures and sizes of other parts include pins.
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Figure 3.16 3D Images, Simulating the 2™ stage development model
(Kitchen set).
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3.5.4 Stage 3rd development

Later, the 3rd development design, modified the position and hole pattern of
the new plate to allow for multi-directional assembly and more freedom. Later, the
appearance of the control panel was redesigned and change the pins to screws, which

makes it easy to assemble and design of the rotation cycle not too much to suit the

strength of the child in Figure 20 below.

Before

After

Figure 3.17 Comparison of hole position patterns before and after design development
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3.6 Prototyping Process

There are 4 main parts: wood panel, screw, connector and decoration part.

3.6.1 Panels

Panels are made of lightweight pine wood material will have a thickness of
10 mm. which is quite safe for children to assemble in different sizes and shapes as

shown in Figure 21 below.

200x400 mm. 400x400 mm,
Wood Panel

600x400 mm.

Figure 3.19 Pine Wood.
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3.6.2 Screws

The screw, it is a 3D-printed plastic material designed to be easy to hold by
adding surface texture, so there are 7 shapes in total, each with different functions,
allowing children to expand their imagination and the important thing is the number of
turns to rotate the screw is not more than 10 times for reduce the assembly time and
suitable for children's strength as shown in Figure 3.20 below.

I v

VII.

-4

Figure 3.20 Screws (3D model).



1) Screw details (Side view)
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Figure 3.21 Screw details of side view (3D model).
2) Screw details (Top view)
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Figure 3.22 Screw details of top view (3D model).
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3.6.3 Connectors

There are a total of 3 types of connectors with different functions. In the
design, there are color inserts that help children to identify the types of connectors
more easily as in Figure 26.

A. Flat: Vertical and horizontal connectors between two panels.
B. race: The Brace allows the connection to look more dimensional
and improved the pattern to stronger also can certify the actual use.

C. Hinge: The hinge makes the panel open and close, which makes it

more useful when playing.
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Figure 3.23 Connectors (3D model).



1) Connectors (Side view)

Figure 3.24 Connectors side view (3D model).

2) Connectors (Top view)

Figure 3.25 Connectors top view (3D model).
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3) Experiment With 3D Printing of Connectors

The researcher has experimented with 3D printing of the connector,
especially the hinge, there will be steps from printing methods including different
materials for strength that can be used in practice as shown in Figure 3.26, 3.27 and
3.28

3.1) Plastic material type PLA in the technique of printing
horizontally.

Figure 3.26 Experimental 3D printing techniques of connectors 01.
3.2) Plastic material type PLA in printing technique

perpendicular to the base to make the structure of printing lines more frequency and

resolution.

oo

Figure 3.27 Experimental 3D printing techniques of connectors 02.
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3.3) Plastic material type PET in the technique of printing
perpendicular to the base to make the structure of the printing line more frequency and

resolution.

Figure 3.28 Experimental 3D printing techniques of connectors 03.

Collection of results of the experimental 3 D printing technique of the
connector that it was evaluated in terms of strength characteristics that could not be
broken with bare hands. The flexibility of the material, can be folded, and finally can
be used for real by the evaluation scores are divided into very low (0-1 points), low (2

points), medium (3-4 points) or high (> 5 points) as shown in Table 3.2 below.

Table 3.2 Summary of the experimental 3D printing technique of the connector

No. Material  Technique  Can’t be broken Flexible Can be Sum

of Printing by hand folded
1 PLA Horizontally 4 0 0 4
2 PLA  Perpendicular 3 2 2 7
3 PET  Perpendicular 4 5 5 14

Summary of experimental results from table 3.2, It was found that 3 D
printing using a perpendicular method and using PET materials that are hard, resistant
to breaking by hand, high flexibility, can be folded are suitable for practical use.
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3.6.4 Decoration Part

As for the decorative parts, there are various appearances. and can also be
disassembled by itself or assembled with other parts with different textures for each
design and being able to feel the material, which contributes to stimulating the senses

well, including the use of bright colors to stimulate imagination and creativity.
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Figure 3.29 Decoration Part (3D model)



3.7 Final Prototype
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Figure 3.30 Final prototype 01



Figure 3.31 Final prototype 02

37




38

Figure 3.32 Final prototype 03
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Figure 3.33 Final prototype 04
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Screws (3D Model Printing)




Screws and connectors (3D Model Printing)
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Figure 3.36 Final prototype 07
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Figure 3.37 Final prototype 08



Chapter 4

Research Results

The ways of possible results from using this tool can be divided into 3 ways:
as shown in Figure 4.1, 4.2 and 4.3

4.1 Result 1

Children can unleash their imagination and creativity through this tool set by

being able to create ways to use and design a child's own way of playing.

Figure 4.1 Simulate an assembly example that is possible using a 3D program 01
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4.2 Result 2

The fact that children who have assembled this set of tools to a large size
increases the benefits of playing even more.

Figure 4.2 Simulate an assembly example that is possible using a 3D program 02
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4.3 Result 3

Children can take this set of tools to expand their practical use and benefit

more widely, an example of assembly work.

Figure 4.3 Simulate an assembly example that is possible using a 3D program 03



47

In this research, the researcher summarized the research results and

discussion according to the objectives in the following order.

1) To study the factor to stimulate imagination and creativity.

As Guilford (1967) claims, the elements of creativity that are (1)
Fluency, (2) Flexibility in thinking, (3) Initiative and (4) Elaboration including the
research on 50 factors of effective factors in children’s creativity (Azeri et al., 2015)
suggests that the most contributing factor to children's creativity is Motivation to play
Therefore, the researcher agrees that this research should be presented in the form of a
tool that helps to influence the creation of objects to produce new and diverse results.

2) To study the design process of tools that promote the
development of the imagination and creativity.

From the review of the literature, the researcher has come up with two main
design concepts: There is a wide range of duties that can be used widely, and the
system of the play must be too simple, which will allow the child to quickly bring out
then creativity and using attractive colors for encouraging them to develop
imagination Including hands-on experience with real materials for children to
understand and deal with real situations by using this tool to satisfy and catalyst their

creativity and imagination in a variety of ways.



Chapter 5
Conclusion and Recommendations

5.1 Conclusion

In this research, factors that promote imagination and creativity were studied
to study how to promote imagination and creativity in children. By the way, the
researcher has designed a set of tools for children aged 6 years or more to be able to
disassemble this tool freely, with a method that is easy to understand, not too
complicated so that children can quickly express their creativity and imagination.
There are 3 parts in this set of tools: 1. Wooden panel, 2. 3 Types of connectors and 3.
7 Different of screws shape. And the researcher has made suggestions divided into 2
parts as follows.

1) Suggestions for use

1.1) As for the panel made of pine wood material, which
has properties that are lightweight, safe for children, but not resistant to dropping or
scratching, still need to be further developed in terms of material durability.

1.2) As for the hinge type connector, if it is used for a long
time, there is a chance of breaking, so the hinge still needs to be developed in terms of
stiffness and flexibility.

1.3) Should study more about materials that are safe for
children.

2) Suggestions for further research

2.1) There should be more education on more diverse and
independent connection systems that will result in children expressing their
imagination and creativity in a greater variety.

2.2) There should be additional experiments on actual use
in children of each age group to study the suitability of use in children in each age

groups.
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5.2 Recommendations

5.2.1 There should be more education on more diverse and independent
connection systems that will result in children expressing their imagination and

creativity in a greater variety.

5.2.2 There should be additional experiments on actual use in children of

each age group to study the suitability of use in children in each age groups.
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