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The development of commmunity

products using design thinking based
on cultural heritage: A case study of
Kamphaeng Phet Province, Thailand

ABSTRACT

The purposes of this research were 1) to study community products towards
the development of product potential for tourism, 2) to develop community
products using design thinking methods using the cultural heritage capital,
and 3) to assess tourist satisfaction towards community products based

on cultural heritage. The research was conducted in three phases: Phase 1

studying community products towards the development of product potential

for tourism, Phase 2 developing community products using design thinking
methods using the cultural heritage capital, and Phase 3 assessing tourist
satisfaction towards community products based on cultural heritage. For
Phase 1, two cultural tourism communities in Kamphaeng Phet Province,
Thailand, were chosen for this research. The development of community
products included consideration of community potential, cultural heritage,
and tourism products (CCT), and these resulted in CCT Model. For Phase 2,
the use of the five stages of design thinking and design thinking tools were
employed with CCT Model of the communities in order to create their com-
munity products based on cultural heritage (i.e., three products for each
community). For Phase 3, the satisfaction of 100 tourists were assessed in
terms of five aspects, including 1) connection with tourism, 2) connection
with cultural heritage, 3) value based on identity and cultural heritage, 4)
marketing ability, and 5) product quality. The community products were
successfully created, and the overall satisfaction assessment result was at
a high level. Recommendations for further research are also discussed.
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Introduction

Cultural heritage is something that humans have invent-
ed or created since the past, and it has been inherited
from generation to generation. This includes, for exam-
ple, antiques, language, dresses, various cultural tradi-
tions, and so on.

Regarding the term "cultural heritage", there are import-
ant characteristics based on the word "culture", relating
to the period of inheritance or existence. It is accepted as
something of value which shows the identity or unique-
ness of that community or society.

It is something to be proud of for people in the society.
As a result, the design and development of cultural
heritage products is one of the most important issues
affecting the perception of product users as well as the
communication between cultural heritage products and
the users (Hofstede, Hofstede & Minkov, 2010). It can be
said that, the development of community products is a
process that arises from the foundation of the communi-
ty's culture (Spencer-Oatey, 2012).

Therefore, the relationship between community
products and culture influences the demand for the
products and the expression of those products.
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Tschimmel (2012) stated that design thinking is a mech-
anism that drives innovation. It does not only drive
designers, but it can also contribute to many careers
and all types of organisations through process models
and design thinking tools based on the combination
of "thinking" and "design". This provides interdisci-
plinary careers with the opportunities to use tools
and design to solve problems and develop products
and services. These days, design thinking is not only

a cognitive process or a conceptual framework, but
itis also a powerful toolkit for developing any prod-
ucts and innovation by logically linking creative design
approaches with traditional business thinking.

From this concept, the researchers therefore would

like to develop community products by using people

in the community as the center to meet the needs of
consumers, product selection, and services in which the
designers must be agents in solving various problems.
This notion is consistent with Lawson (2012) who places
importance of people in the community as a center in
responding to customers’ needs. As a result, this present
research conducted a case study in two communities,
namely Khlong Suan Mak Ban Nakhon Chum Community
and Ban Wang Phra That Trai Trung Community in Kam-
phaeng Phet Province, Thailand. They were chosen since
they were cultural tourism communities of Kamphaeng
Phet Province, and Kamphaeng Phet Province is a prov-
ince that has been certified as “World Cultural Heritage
City” as certified by UNESCO in 1991 (UNESCO, n.d.).

The study was conducted by using the design thinking
with various design thinking tools. From the study of the
design thinking method tools of Lewrick, Link & Leifer
(2018) in order to solve problems for communities in
linking their own community products with tourism
based on cultural heritage. People in the community
were the center of thinking, creativity, design, and the
development of community products. This aimed to cre-
ate valuable tourism products of world cultural heritage
cities. This research therefore explored and organised
activities with participation from the communities using
the following design thinking tools: 1) creating a persona,
2) asking WH questions (i.e., what, who, why, where,
when, and how questions), 3) considering multiple
perspectives, 4) creating a flower map, 5) structuring
and selecting ideas, 6) making an idea communication
sheet, 7) considering prototype creation, 8) using feed-
back-capture grid, and 9) using a retrospective board.

Research objectives

1. To study community products towards the devel-
opment of product potential for tourism

2. To develop community products using design
thinking methods using the cultural heritage capital

3. To assess tourist satisfaction towards community
products based on cultural heritage

Literature Review

The concepts of design thinking

Johansson-Skéldberg, Woodilla & Cetinkaya (2013)
analysed that the design thinking from two main
source groups: designers and businessmen. These two
groups place importance on working in a group. This
is an important factor in the design thinking process.
When the design thinking processes of both groups
are properly integrated, it results in creating good
work. Seidel & Fixson (2013) were interested in using
design thinking with interdisciplinary groups in order
to help students from different professional fields who
had little design experience to display their creative
designs. From their research, it was found that the
design thinking model could help to create the ideas
and select ideas. However, when it had been used for
a long time and repeatedly, it would not create new
ideas. Additionally, although working in a group helped
to create effective thinking, brainstorming depend-

ed on the composition of people in the group who
had little experience in designing. Consequently, this
could only succeed if the group received good advice
to help them find ways to combine their ideas.

It is important to note that, when conducting this pres-
ent research, the researchers brought design thinking,
transferred it to people in the communities, and acted as
“facilitators” to provide advice, build confidence, and cre-
ate courage to the communities to express themselves.

Jobst et al. (2012) conducted a study comparing creative
confidence and self-efficacy. It was found that there
were four factors that led to confidence in creativity,
including 1) experience from experts, 2) experience
from reading, listening, and studying other people's
work, 3) creating motivation from suggestions, and 4)
emotional state and expression. These factors help to
create a positive experience and confidence in creating
designs. Also, Goldschmidt & Rodgers (2013) studied the
design thinking of three groups of designers, aiming at
comparing individual differences in their design think-
ing process. It was revealed that each individual would
solve the problems differently and take different time.

Abraham, Howard & Asinyo (2022) studied the use of
design thinking methods in small and medium-sized
textile enterprises in Ghana. The results showed that the
use of design thinking methods based on human-cen-
tered design made the products connected to and influ-
enced by customer needs. These entrepreneurs could
also use different strategies to find solutions for custom-
ers and continuously interact with customers to solve
innovative and creative problems. It was also found that
there was a lack of empirical studies on design thinking
in small and medium-sized enterprises (SMEs) in textile,



such as organisational design thinking in the context of
developing countries. Therefore, there is a call for the
study of innovation in SMEs, which is of great importance
in economic development (Daksa et al., 2018; Fu, Pietro-
belli & Soete, 2011; Pisoni, Michelini & Martignoni, 2018).

Lake et al. (2024) explored and extended current
research, aiming to understand the value and limitations
of teaching design thinking in higher education. The find-
ings showed that following a structured learning process,
participating in active listening, and focusing on others'
perspectives are the most valuable design thinking prac-
tices across disciplines.

Moreover, design thinking also encourages collaboration
and project framing that emphasizes shared critical anal-
ysis. From a study by Cai, Lin & Zhang (2023) focusing

on when and how to use the design thinking process

in innovation development, it was found that the steps
that lead the implementation of design thinking process
occurs in three distinct phases, namely fuzzy front end,
development and testing, and commercialization. It has
been shown that organisations use design thinking in
four design practices: 1) user-centeredness, 2) embracing
diversity, 3) visualization, and 4) iteration. This aims to
transit from the fuzzy front end to development and test-
ing, and it finally leads to commercializing new products.

Gao & Yu (2023) conducted a study on knowledge
exchange of SMEs service innovation using design think-
ing. It was found that SMEs can use and incorporate
design thinking in order to think together and leverage
the group's knowledge to achieve service innovation.
Also, it demonstrates that the mindset of leaders, exec-
utives, and employees is critical to successful design
thinking implementations. Importantly, design think-
ing should be emphasized with executives first, and it
should also focus on employee participation. Carella

et al. (2023) researched the design thinking concepts
for entrepreneurs. The responses to the questionnaire
regarding practical participation revealed that entre-
preneurs are sensitive to diverging and converging
dynamics and to the visualization ability. In addition,
they are aware of the benefits and capabilities of
design thinking from the early phases of the develop-
ment to the building of a specific design mindset.

» Figure 1: The conceptual framework of this study

Li, Ho & Yang (2019) conducted a design thinking-based
study of the prospect of the sustainable development
of traditional handicrafts. It was found that, based on
the use of design thinking proposed by Hasso Plattner
Institute of Design at Stanford University (2010) in explor-
ing the opportunities of sustainable development of
traditional handicrafts, there were 24 “indicators of the
sustainable value of handicraft design” and four value
dimensions, namely, “material and innovative value”,
“handicraft and cultural value”, “empirical and local val-
ue”, and “sharing and interactive value”.

It can be concluded that exploring the sustainable
development of handicraft design also forms the sus-
tainable development model of design thinking.

In addition, many research studies also found that
design thinking process is an important process and
guideline that contributes to innovation develop-
ment, product design and development, and the
development of business models for sustainability
from the participation of leaders and people in the
organisation (Andrews, 2015; Elsbach & Stigliani,
2018; Geissdoerfer, Bocken & Hultink, 2016).

Conceptual framework
used in this research

As for the conceptual framework used in this research,
the researchers analysed related documents and
research studies by drawing on a design thinking mod-
el that is widely used in solving problems, namely the
Design Thinking Model proposed by Hasso Plattner Insti-
tute of Design at Stanford University (2010).

The five stages of Design Thinking were applied togeth-
er with the tools of Lewrick, Link & Leifer (2018) to suit
community potential. In this research, the communities
brought their own cultural heritage, both tangible and
intangible cultural heritage to be a question/problem
of design thinking. Each step passed the assessments
of the design thinking process, including a self-assess-
ment and an assessment by experts who visited the
areas to observe as well as creating criteria for evalu-
ating results according to the research objectives. The
conceptual framework is shown in Figure 1 below.
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Research Method

In this study, the research procedure was
divided into three phases as follows.

Phase 1: Studying community products towards the
development of product potential for tourism

In this phase, the researchers studied the format of
community products from the case study of two cultural
tourism communities: 1) Khlong Suan Mak Ban Nakhon
Chum Community and 2) Ban Wang Phra That Trai Trung
Community in Kamphaeng Phet Province, Thailand. From
the area visits, observation, and group discussion, the
researchers analysed the original approaches used in
developing their community products that were used to
link existing cultural heritage with their community prod-
ucts. In addition, the researchers also synthesised these
data into a model that communities used to develop the
potential of tourism products based on cultural heritage.

Phase 2: Developing community products using design
thinking methods using the cultural heritage capital

After getting the model that was used as a guideline for
developing product potential for tourism based on cul-
tural heritage in Phase 1, this guideline was applied into
design thinking activities according to the Design Think-
ing Model proposed by Hasso Plattner Institute of Design
at Stanford University (2010).

The five stages of Design Thinking included 1) empa-
thize, 2) define, 3) ideate, 4) prototype, and 5) test.
Additionally, the design thinking tool of Lewrick, Link
& Leifer (2018) was also employed as a guideline for
organising design thinking activities by using people
in the communities as a base. The questions/prob-
lems were then defined and linked cultural heritage
within the community with tourism products in the
community. The details of this process are as follows.

1. As for the “Empathize stage”, the tools used
in organising activities were as follows.

a. Creating a persona: The researchers cre-
ated a persona by having the community
to brainstorm, draw hypothetical charac-
ters of the target group, and identify the
characteristics of the target group who
were the community's product buyers
onto a large sheet of paper, and discuss
and summarise the results together.

b. Asking WH questions: After creating a Persona,
the researchers asked the community to ask
and answer the WH questions about ques-
tions/problems and solutions in developing
the products based on cultural heritage. The
researchers and the community then dis-
cussed and summarised the results together.

2. As for the “Define stage”, the tools used in
organising activities were as follows.

a. Considering multiple perspectives: It was a
consideration of various perspectives. The
community brainstormed to propose ways
to use the cultural heritage of the area in
connection with the product development
by jointly presenting cultural heritage in the
community both in tangible and intangi-
ble forms from various perspectives. The
obtained ideas were then written on a
large sheet of paper. After that, they were
voted for appropriate cultural heritage, and
the results were summarised together.

b. Creating a flower map: It was a flower map.
The community brainstormed and selected
only important issues in the product devel-
opment that were connected on the basis
of cultural heritage from various issues. The
obtained ideas were then written on five-
eight flower petals on a large sheet of paper
by jointly making suggestions and selecting.
The results were then summarised together.

3. As for the “Ideate stage”, the tools used in
organising activities were as follows.

a. Structuring and selecting ideas: The research-
ers structured and selected ideas. In this
stage, the community members were given
small pieces of paper, and they were asked
to present their ideas through drawing the
product. These drawings were then put on
the board by classifying the ideas into three
parts: 1) solving the question/problem, 2)
being interesting although it did not answer
the question/problem, and 3) others (i.e.,
apart from the question/problem). The guide-
lines and types of products for the devel-
opment were then summarised together

b. Making an idea communication sheet: It was
idea communication sheet. The community
brought the products from the structure
and select ideas summary to design a simple
sketch, including writing an explanation of
the concept and development guidelines.
The results were then summarised together.

4. As for the “Prototype stage”, the tools used
in organising activities were as follows.

a. Considering prototype creation: It was
consideration for creating a prototype. The
researchers used the sketches from the Idea
communication sheet to create proto-
type products. After that, the community
considered, revised, developed the proto-
types with participation, and summarised
the results of prototype development.

5. Asfor the “Test stage”, the tools used in
organising activities were as follows.



a. Using feedback-capture grid: It was feed-
back-capture grid. The researchers brought
the prototype products to distribute and
test for sale. In this stage, the community
recorded feedback of tourists on community
products, divided into four areas: 1) tourists'
preferences, 2) purchasing needs, 3) ques-
tions that arise, and 4) suggestions/Ideas.
The results were then summarised together.

b. Using a retrospective board: It was a retro-
spective board. In this step, the community
reviewed the design thinking process that
took place by brainstorming and presenting
issues to the process that had been carried
out, divided into four issues: 1) things that
were beneficial and needed to be continued,
2) things that would not be continued, 3)
things that would like to be done further,
and 4) things that were not important. The
results were then summarised together.

By organising activities according to each design think-
ing tool, in addition to the community being able to
evaluate the processes that occurred on their own with
the Retrospective board, there was also observation
by three experts in design thinking. They assessed the
design thinking process that occurred in the commu-
nity in each design thinking tool in terms of partici-
pation of people in the community, solving problems
and developing ideas of people in the community, and
analysing and summarising the overall results from
community processes with 5-point rating scale criteria.

Phase 3: Assessing tourist satisfaction towards com-
munity products based on cultural heritage

In this phase, the community products developed from
the design thinking process were brought to an exhibi-
tion and trial sales at the cultural market which was a
cultural tourist spot.

The data from a group of 100 tourists were collect-
ed using online assessments in order to assess their
satisfaction according to five aspects obtained from
a synthesis of related documents and research: 1)
connection with tourism, 2) connection with cultural
heritage, 3) value based on identity and cultural her-
itage, 4) marketing ability, and 5) product quality.

Results and Discussion

The results and discussion of this research are presented
according to the three research objectives of this studly.

1. The results regarding Research Objective 1aiming
at studying community products towards the
development of product potential for tourism

From visiting the areas to study the patterns and
guidelines for creating community products towards
the development of product potential for tourism,
the researchers chose two communities that were
outstanding in developing products for cultural
tourism in Kamphaeng Phet Province as follows: 1)
Khlong Suan Mak Ban Nakhon Chum Community
and 2) Ban Wang Phra That Trai Trung Community.

Based on the in-depth interviews with leaders and
representatives in each community (10 people of each
community) as well as following the process of creating
cultural products in both communities, guidelines for
developing traditional community products could be
summarised. This consisted of taking the potential of the
community into account, linking with cultural heritage,
and creating tourism products. The researchers named
the process that occurred in the communities as CCT
Model. The meaning of each abbreviation is as follows.

C stands for Community Potential. It means wisdom,
skills, including abilities and efficiency within the
community in terms of administration and allocation
of resources within the community. It is the start-
ing point and basis of the community development.
Various products come from knowledge, abilities,
and beliefs that are used to solve basic community
problems. The community creates products that are
basic to life and are the basis of skills and the poten-
tial of the community according to the potential and
possibilities of the community in a sustainable way.

C stands for Cultural heritage. It refers to cultural cap-
ital that is a bond and has been passed on to the next
generation, both in a tangible and intangible forms.

It is an important element in expressing the identity
of that area, whether it is the form of product styles,
customs, traditions, beliefs, places, geography, and
so on. They are important “ideal resources” in devel-
oping products to connect with tourism based on
cultural heritage. It is part of the cultural capital that
is applied as inspiration and components in creat-

ing product styles under the identity of the area.

T stands for Tourism products. It refers to the develop-
ment of community product formats to be linked with
tourism based on cultural heritage. It is the use of cultur-
al heritage capital as a resource for the development of
formats and methods for presenting products according
to the potential of the community. It is presented in the
form of products for tourism that has the identity of
the area linked to tourism that reflects the charm of the
way of life, culture, history, and stories. It is something
that adds value to tourism products, suitable for buy-
ing for use and buying them as souvenirs for tourists.

The CCT Model of these two communities in this
present study is shown in Figure 2 below.

Journal of Graphic Engineering and Design, Volume 16 (3), 2025.



Community 1: Khlong Suan Mak Ban Nakhon Chum Community
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(a provincial
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Community 2: Ban Wang Phra That Trai Trung Community
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Community
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Potential

Heritage

Knitting work | folk tale bags

(Thao Saen Pom)

Sewing work miscellaneous items

pagoda at
Wang Phrathat
Temple

key chains

» Figure 2: CCT Model

From the results of the study, it was found that the
guidelines for developing cultural products of both com-
munities included the same factors, namely taking the
potential of the communities into consideration first. It
needed to consider the appropriate skills and work per-
formance of the community to create their community
products. In Community 1, it was outstanding in basket-
ry, miniature sculpture, and wooden structures. After
the community understood its own potential, there is
therefore a connection with cultural capital in that they
brought "Kluai khai" (i.e., lady finger banana) which is

a provincial plant and is remembered in the provincial
motto, to link to the product style for cultural tourism,
such as the Kluai Khai model, Kluai Khai key chain, Kluai
Khai ornaments, and lamps as provincial souvenirs.

While Community 2 had potential in knitting and sew-
ing work. This led to bridging cultural capital by using
the story of the folk tale "Thao Saen Pom" that is well
known in Thai folk tales. It is both a legend and a belief
that references events from real tourist attractions in
the community. It is a miraculous story about a man
named “Saen Pom” who was born with an ugly face.
There were nodes all over the body. He lived his life by
growing eggplant trees. When the daughter of the rul-
er of Nakhon Trai Trung ate Saen Pom's eggplant, she
miraculously became pregnant. After that, the governor
of Nakhon Trai Trung gave his daughter to marry Saen
Pom. After that, Saen Pom met a magic drum from a
monkey in the forest. Saen Pom played the drum and
found that he could make any wish. When he played the
magic drum, his wish would come true. Saen Pom then
asked for a blessing that he would be cured of the nodes
all over his body and become a handsome young man.

10

Also, he beat the drum to create the city of Thepnakorn
and appointed himself as Thao Saen Pom from then on.

From the story of a famous folk tale, the Thao Saen Pom
Shrine, a tourist attraction, was built for tourists to wor-
ship and ask for blessings. The community has therefore
connected it to cultural tourism products, such as bags,
key chains, and various miscellaneous items and has
adopted the symbol of the "gong" (i.e., drum) which is a
musical instrument that strikes loudly as a symbol.

It was inserted with embroidery in the shape of an egg-
plant to connect with the story and inserted a picture
of the pagoda at Wang Phra That Temple, which is an
important tourist attraction in Trai Trung Subdistrict.

The CCT Model makes it evident that although these two
communities had the different potentials and skills of the
people in the communities, there were ways to use those
potentials to connect with the cultural heritage of their
own areas according to their understanding. Additionally,
they could use those cultural capitals as inspiration to
create cultural tourism products in various forms. This

is the patterns and ways of thinking that occur naturally
and in the way of the community. The use of the design
thinking process helps in making the products more con-
nected and influenced by customer needs according to
the concept of Abraham, Howard & Asinyo (2022).

Also, from the community's model, it is also consis-
tent with Cai, Lin & Zhang (2023) about the three
steps in which design thinking can be implemented as
fuzzy front end, development and testing, and com-
mercialization. In other words, it is about considering
problems and planning based on the community's
potential, the design and development, the test based
on the basis of cultural heritage, and the produc-

tion and actual selling the products to tourists.

2. The results regarding Research Objective 2 aiming
at developing community products using design
thinking methods using the cultural heritage capital

Once the researchers obtained guidelines and ways
of thinking about creating community products that
were linked to the community's cultural heritage,
which is the CCT Model, the researchers therefore
interspersed it with design thinking activities that
consisted of various tools as shown in Figure 3 in
order to organise them and ways of thinking in devel-
oping community products based on the cultural
heritage in their own areas of both communities.

The researchers analysed the results from organising
activities with both communities using design think-
ing tools, following the 5-stage design thinking pro-
cess, consisting of nine design thinking process tools,
divided into nine activities, as shown in Figure 3.



» Figure 3: Bringing the design thinking process to link
with the community's CCT Model

Also, this included participatory observation with the
community by three experts in design thinking in order
to evaluate the design thinking process that occurred
in the community in each activity in terms of partici-
pation of people in the community, solving problems,
and developing ideas of people in the community.

The overall analysis results for each design thinking
tool can be summarised as shown in Table 1 below.

Table 1

From Table 1, the results showed that the over-
all design thinking process in both communities
were at a high level (x=3.76, S.D. = 0.79). The
results can be classified according to the five
design thinking stags and tools as follows.

As for the Empathize stage, the overall evaluation result
was at a moderate level (x = 3.35, S.D. = 0.68), and the
tool “Creating a persona” revealed at a high level (x =
3.63,S.D. =0.61).

It was observed that the communities understood and
analysed a character creation step by step. There were
facilitators to stimulate the community and give advice in
the process on certain issues. Both communities created
fictional characters who were the same group of custom-
ers that needed to be taken into consideration, that is,
government officials. They were the people with an age
range of 30-40 years and above, with a salary of 25,000
- 30,000 baht. They were a group for which the govern-
ment campaigned to have Thai cultural dress and use
cultural products. They had the habit of liking beautiful
products that conveyed meaning and had storytelling at
a price that was not very high. In addition, in terms of the
WH questions tool, the evaluation result was at a moder-
ate level (x =3.17,S.D. = 0.66).

The results of the evaluation of the community's design thinking process in order to develop products based on cultural heritage

classified by design thinking stages and tools

The level of results of the design thinking process for the product
development based on cultural heritage
Community 1 ) .
Design thinking process Tools At S ik Community 2 The sum of the desAlgn
Ban Wang Phra That thinking processes in
Ban Nakhon Chum ) . o
B Trai Trung Community | both communities
Community
X S.D. X S.D. X S.D.
Creating a persona 3.80 0.68 3.47 0.52 3.63 0.61
Empathize
Asking WH questions 3.33 0.70 3.00 0.59 3.17 0.66
Total 3.35 0.68
Considering multiple 4.50 0.52 4.67 0.49 4.58 0.50
Define perspectives
Making a flower map 4.27 0.59 4.47 0.52 4.37 0.56
Total 4.46 0.54
Structuring and 3.50 0.52 3.75 0.75 3.63 0.65
Ideate selecting ideas
Idea communication sheet | 3.22 0.67 3.22 0.44 3.22 0.55
Total 3.45 0.63
Prototype Considering prototype | 5 o) 01.08 04.07 0.80 3.93 0.94
creation
Total 3.93 0.94
Feedback — capture grid 3.96 0.62 3.67 0.56 3.81 0.61
Test
Retrospective board 3.78 0.83 3.56 0.73 3.67 0.77
Total 3.77 0.65
Total of all aspects 3.79 0.78 3.72 0.79 3.76 0.79
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It was revealed that the facilitators must stimulate the
communities on many issues that the communities still
did not feel comfortable to ask questions about, for
example, what the problems were and how to solve
the problems. This is because most community mem-
bers were considerate of community leaders and were
careful in asking and answering questions. Most of the
questioning and answering occurred from the group
of the community leaders who opened the issue.

This makes it necessary to use the facilitators within the
activities to help build confidence in the community to
be more assertive. This is in line with Jobst et al. (2012)
in building confidence, motivation, and the emotional
state and expression of community groups and Gao & Yu
(2023) in the design thinking of SMEs in that it is neces-
sary to emphasize understanding of design thinking with
the executives or community leaders first and focus on
the participation of employees or community members.

In this present study, both communities had a consistent
answer, namely, wanting to develop community products
into tourism products with cultural value. They needed
support from the government and related agencies

in order to connect cultural capital and create story
telling for products. The current problem arose from
communities developing products and selecting cultur-
al heritage as inspiration to create their own products
without good advice in terms of design. Therefore, this
problem should be solved from within the communi-
ties by creating various knowledge and promoting it in
marketing to make community products outstanding.

As for the Define stage, the overall evaluation result
was at a high level (x = 4.46, S.D. = 0.54). Regarding the
tool “Considering multiple perspectives”, the evaluation
result was at the highest level (x = 4.58, S.D. = 0.50).
This is because it is a brainstorming session based on
the potential of the community and the cultural heritage
that the community should had in connecting together
by listening to suggestions and critiques with partici-
pation. This is consistent with Lake et al. (2024) who
examined current research to understand the value and
limitations of teaching design thinking that following

a structured learning process, participating in active
listening, and focusing on others' perspectives were
the most valuable design thinking practices. Moreover,
design thinking also encourages collaboration and proj-
ect framing that emphasizes shared critical analysis.

From the observation results, it was found that both
communities were able to carry out the procedures very
well and were able to analyse data and present it them-
selves by offering cultural heritage in the communities,
both in tangible and intangible forms from various per-
spectives, writing it on a large sheet of paper, and voting
it together for appropriate cultural heritage. Moreover,
the communities had a wide range of opinions.

12

That is, Community 1 selected the outstanding cul-
tural heritage of the community, namely 1) Wat Phra
Borommathat Nakhon Chum which is an important
tourist attraction of the province, 2) Nopphra tradi-
tional music festival, 3) Kamphaeng Phet Historical
Park, and 4) Miang, which is an ancient local food of
the community, respectively. Community 2 selected
the outstanding cultural heritage of the community,
which is 1) the folk tale of Thao Saen Pom and 2) the
pagoda at Wang Phra That Temple which is important
tourist attractions of the community, respectively.

In terms of the flower map tool, the evaluation result
was at a high level (x = 4.37,S.D. = 0.56). The commu-
nities determined together the key development issues
that were equally important and removed unimportant
issues by brainstorming and writing on flower-shaped
paper. The communities could do well by having facil-
itators to stimulate sometimes. Both communities

had identified five consistent product development
issues, which could be summarised as follows. First,
the products must be connected to the story and
culture of the community. Second, the product must
be connected to community tourism. Next, the prod-
ucts must be created by the community participating
in thinking and being the identity of the community.
Fourth, the products must be suitable for marketing
and having markets to support it. Finally, the products
must be of high quality and attractive to tourists.

As for the Ideate stage, the overall evaluation result

was at a moderate level (X = 3.45, S.D. = 0.63). The tool
“Structuring and selecting ideas” revealed at a high level
(x=3.63, S.D. = 0.65). The results from the observation
showed that both communities were able to carry out
the steps well. The facilitators must stimulate the com-
munities and encourage people in the communities to
express themselves in drawing and proposing ideas for
developing products linked to the cultural heritage that
were selected in the previous process. From the conclu-
sion of products that met the needs of the community,
the Community 1 defined their products for linking cul-
tural heritage, consisting of 1) wooden table lamps, 2)
handle bags, and 3) key chains of miniature food replicas
(i.e., Miang). The Community 2 defined their products,
consisting of 1) Thai traditional round-neck sleeveless
collar shirts, 2) shoulder bag, and 3) a gong-shaped key
chain from the story of Thao Saen Pom. In terms of the
tool “ldea communication sheet”, the evaluation result
was at a moderate level (X = 3.63, S.D. = 0.65). The
communities were pushed and courage to express them-
selves by the process. From linking products and cultural
heritage in designing the sketch, it was found that both
communities still did not feel comfortable to express
themselves about painting since they were shy and afraid
that it would be beautiful and not the same as what they
thought. Therefore, this had to rely on the facilitators to
help guide and encourage them throughout the painting.



As for the Prototype stage, the overall evaluation result
was at a high level (x =3.93, S.D. = 0.94). By the tool
“Considering prototype creation”, from the observa-
tion, it was found that both communities were able to
create product prototypes linked to cultural heritage
from the Define and Ideate stages very well, with the
facilitators stimulating thinking on certain issues. The
Community 1 had graphics work related to the Nopphra
traditional music festival and Kamphaeng Phet Historical
Park to be used with wooden table lamp products and
a handle bag. Also, key chains of miniature food replicas
were designed using a local food model (i.e., Miang)

to help create a story along with a model "Kluai khai"
(i.e., lady finger banana) which was famous fruit of the
province. The Community 2 had the story of Thao Saen
Pom to convey as embroidery-knitting in the shape of

a "gong" (i.e., drum) which is a symbol of a musical
instrument that strikes loudly, corresponding to the
story of the magic drum of Thao Saen Pom. In addition,
there was sewing cloth into the shape of an eggplant
and an eggplant flower to represent Thao Saen Pom.
The focus was on the products related to the belief in
good fortune for users. Both communities participated
in improving the sketches continuously and developing
the prototypes at least twice until they were suitable.
These products are shown in Figures 4-5 below.

» Figure 4: The developed community products of Com-
munities 1 using a design thinking process linked to cul-
tural heritage 1) wooden table lamps, 2) handle bags,
and 3) key chains of miniature food replicas (Miang)

» Figure 5: The developed community products of Com-
munities 2 using a design thinking process linked to cul-
tural heritage 1) Thai traditional round-neck sleeveless
collar shirts, 2) shoulder bag, and 3) a gong-shaped key
chain from the story of Thao Saen Pom

From Table 1, as for the Test stage, the overall evalua-
tion result was at a high level (x = 3.77,S.D. = 0.65). For
the tool “feedback — capture grid”, the result was at a
high level (x = 3.81, S.D. = 0.61). Regarding the observa-
tion, it was found that, from organising exhibitions and

selling products at the Nakhon Chum Cultural Market,
both communities were able to evaluate feedback from
tourists and interested parties well by having facilita-
tors stimulating the interviews with buyers sometimes.
There were consistent results in both communities that,
in terms of tourists' preferences, they liked handicrafts
from the communities. However, the tourists would like
it to have a lower price than this. Tourists' purchasing
needs therefore were on the cheapest products which
were the key chains from both communities. There were
questions asked directly to the communities about the
products’ storytelling regarding the origins of the cultur-
al heritage that were conveyed on the products. There
were also suggestions regarding the product design and
development to be more diverse in terms of color, size,
and placement of graphic elements on the products.

In terms of the tool “retrospective board”, the evaluation
result was at a high level (x =3.67,S.D. = 0.77). From the
observation, it was found that the communities could
evaluate the design thinking process from the beginning.
However, the communities were considerate of each
other in writing information on large sheets of paper.

Therefore, the facilitators must help to build confidence
in presenting their opinions. The results from the retro-
spective boards of both communities were consistent in
the matter of what was very useful in the process which
was the tool in the Define and Ideate steps, especially
considering multiple perspectives. That allowed the
communities to brainstorm and select cultural heritage.
This made them see the missing cultural heritage and
create pride in the communities. Both communities
would like to proceed design thinking since they found
that it was beneficial in developing their future products,
especially the Test stage where community leaders and
members would like to have sales trials in many areas
to collect feedback from buyers and tourists further.

This is consistent with the study conducted by Abra-
ham, Howard & Asinyo (2022) showing that the entire
process is connected and influenced by the customers
and interaction with customers to solve problems and
develop products creatively. Also, this supports Carella
et al. (2023) who demonstrate the sensitivity of entre-
preneurs to change and awareness of the benefits
and capabilities of design thinking in that it is not only
as part of product design and development, but it is
also with the building of a specific design mindset.

From the results of assessing the community's design
thinking process in order to develop the products
based on cultural heritage, classified by design thinking
stages and tools, the researchers chose nine design
thinking tools from the study of design thinking tools
by Lewrick, Link & Leifer (2018) and applied them to
the communities to create a systematic thinking pro-
cess and help in making the products more connected
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to and influenced by customer needs according to
the concept of Abraham, Howard & Asinyo (2022).

3. The results regarding Research Objective 2 aiming
at assessing tourist satisfaction towards com-
munity products based on cultural heritage

It was found that, after having community products
that were jointly developed using a design thinking
process linked to the cultural heritage, such products
were introduced and brought them to an exhibition
and trial sales at the cultural market, which was a cul-
tural tourist spot, in order to disseminate to a group of
100 tourists. The data were then collected using online
assessments in order to assess tourist satisfaction
according to the five aspects as shown in Table 2 below.

From Table 2, it was found that the results of the tourist
satisfaction assessment with the community products
that were developed with a design thinking process
linked to the cultural heritage base of both communities,
overall, was at a high level (x =412, S.D. = 0.64). The
aspect that revealed the highest satisfaction was connec-
tion with cultural heritage (x = 4.16, S.D. = 0.55).

This shows that the communities can use design thinking

processes to design and develop the products based
on cultural heritage. This is in line with Seidel & Fixson
(2013) who mentioned about the participation in using

Table 2

design thinking with interdisciplinary groups in that even
though each group member has different aptitudes and
main occupations, they can work together to create work
through the design thinking process.

It was followed by product quality (x = 4.15, S.D. = 0.58),
linking to tourism (x = 4.14, S.D. = 0.72), value based on
identity and cultural heritage (x = 4.07, S.D. = 0.65), and
marketing ability (x = 4.05, S.D. = 0.72), respectively.

It was suggested that there should be marketing
promotion to make the products more well-known,
and the products should be more contemporary.

From the evaluation of all five aspects, it is consistent
with Li, Ho & Yang (2019) who studied the use of design
thinking in the sustainable development of traditional
handicrafts which defined four value dimensions, namely,
1) material and innovative value, 2) handicraft and cultur-
al value, 3) empirical and local value, and 4) sharing and
interactive value.

In this regard, the sustainable development of
handicrafts or community wisdom products also
contributes to design thinking’s sustainable devel-
opment model, business model, product design and
development, and various innovations according to
the concepts of Andrews (2015), Elsbach & Stigliani
(2018), and Geissdoerfer, Bocken & Hultink (2016).

The results of tourists” satisfaction assessment towards community products that have been developed with a design thinking

process linked to cultural heritage

The product of Community 1 The product of Community 2
S A gong-
Key chains L?;;::I shaped key
Wooden of miniature chain from The sum of
Handel bag . round-neck | Shoulder bag
table lamp food replicas the story the assess-
(Miang) sizzuelzas of Thao
: collar shirts ment of the
Five aspects of Saen Pom
h products of
the assessment both com-
munities
X S.D. X S.D. X S.D. X S.D. X S.D. X S.D. X S.D.
Connection 382 | 072 | 396 | 070 | 439 | 0.62 | 3.80 | 0.78 | 4.29 | 050 | 4.56 | 0.58 | 414 | 0.72
with tourism
Connection with | 1y | 565 | 415 | 0.48 | 4.08 | 0.45 | 477 | 0.61 | 425 | 0.58 | 421 | 0.54 | 416 | 0.5
cultural heritage
Value based
on identity and 395 | 0.63 | 398 | 0.74 3.81 0.68 | 422 | 0.60 | 419 | 0.60 | 430 | 0.50 | 4.07 | 0.65
cultural heritage
Mgrbl?ﬁfy”g 338 | 073 | 3.85 | 0.66 | 451 | 0.55 | 4.00 | 0.50 | 4.07 | 059 | 452 | 0.55 | 4.05 | 0.72
Product quality 413 0.56 | 406 | 0.54 | 396 | 0.62 | 4.04 | 0.52 418 0.54 | 453 | 0.54 | 415 0.58
Total mean 3.91 0.70 | 04.01| 0.63 413 0.64 | 404 | 0.62 | 419 0.56 | 4.44 | 0.56 412 0.64

14



Conclusion

From studying community products towards the devel-
opment of product potential for tourism on the basis of
cultural heritage, the results of area visits and interviews
with leaders and representatives in community groups,
including following up on the process of creating cultural
products of the two communities, which were outstand-
ing cultural tourism communities in the province leads to
the CCT Model. From the CCT Model, it was found that
the two communities, despite having different potentials
and skills of the people in the communities, had ways to
use those potentials to connect with the cultural heritage
of their own areas according to their understandings.

This is consistent with the Design Thinking Model pro-
posed by Hasso Plattner Institute of Design at Stanford
University (2010). According to the five stages of design
thinking in the traditional community thinking process,
the Empathize and Define stages are consistent with

C (Community Potential) which is a stage in studying
and understanding the potentials of the communi-
ties in various areas and determining perspectives

and directions in developing community products.

The Define and Ideate steps are consistent with C
(Cultural heritage), which is the stage from defining
perspectives and creating concepts/ideas linked to
cultural capital in their own areas. The Prototype and
Test stages correspond to T (Tourism products), which
are the stages to create product prototypes linked to
cultural heritage and test the market. Table 3 below
shows the relationship among the CCT Model, the five
stages of design thinking, and design thinking too.

Table 3
The relationship among the CCT Model, the five stag-
es of design thinking, and design thinking tools

CCT Model The five stages of | Design thinking tools
Design Thinking
Creating a persona
Empathize
C: Communi- Asking WH questions
ty Potential
y Fotentia Considering multi
Define perspectives
Making a flower map
¢ Cultural Structvurlr?g and
: selecting ideas
heritage Ideate
|dea communication
sheet
Prototype Con5|_der|ng prototype
) creation
T: Tourism
products Feedback — capture grid
Test
Retrospective board

From Table 3, it can be seen that the Define stage
of the five stages of design thinking is a stage that
connects C (Community Potential) and C (Cultural
heritage) because it defines perspectives and the

connection between the potentials of the commu-
nities that has with the cultural capital that commu-
nities have. This leads to creating ideas together.

Recommendations

This present study employed document research and
nine tools/activities in the design thinking stages.
However, there are many other design thinking tools
used in each stage. Therefore, the recommendation
is that the further research can apply and change

to other design thinking tools according to the suit-
ability and potentials of the community groups.

Also, the recommendation for the product evaluation
section is that the products should be promoted in
marketing and publicising the product to be known to
tourists before the evaluation. It is because they are the
products that are connected to the cultural heritage and
are presented in a new way and different from the com-
munity's original products. Therefore, there should be
the transfer of the concept and the story of the product
design and development to tourists in order to create
understandings about the connection between cultural
heritage and the products.
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Designed animation for daily living
skill of children with Down syndrome

ABSTRACT

Children with Down syndrome generally have difficulty with daily living
skills. Therefore, an appropriate learning approach is needed to train DS
children to have daily living skills. The aim of this research is to identify
the level of learning visual ability of children with Down syndrome, then
explain the parameters of visual content animation as a tool to obtain
responses from children with Down syndrome, and to determine the
effective animation content to help the independence process of children
with Down syndrome. The research method used is a mix method. This
research uses an experimental study where the participants are children
with Down Syndrome. Data collection methods use interviews, observation
and questionnaires. Data analysis using the Wilcoxon Sign Rank test

The results of this research found that Down syndrome children have
different characters, levels of learning abilities and interests even though
they are the same age and DS children tend to experience problems with
independence, especially toilet training. Independent intervention to be
used as a learning medium can be done through animation media whose
visual content matches their character and preferences. The test results
show that there is a significant effect of learning through animated videos
on the level of message understanding and toilet training independence
in DS children. With the characters, environment, duration, colors, figures
in the video that they like, it will further increase their interest in the video
so that they can understand the message in the animated video easily.

KEY WORDS
daily living skills, DS children, animation videos, toilet training
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Introduction

Data from the World Health Organization (WHO) esti-
mates that every year there are 3,000-5,000 babies
born with Down syndrome, with an estimated one inci-
dence of Down syndrome per 1,000-1,100 births world-
wide (Agheana & Dutd, 2015). WHO also estimates that
globally, there are currently 8 million people with

Down syndrome.

In Indonesia, based on Basic Health Research (Riskesdas)
2010-2018, the incidence of Down syndrome tends to
increase. In 2018, 0.41 percent of congenital disabilities
were recorded for children aged 24-59 months, and
Down syndrome was experienced by 0.21 percent of that
age group.

Down Syndrome (DS) is a condition of retarded physical
and mental development in children caused by abnor-
malities in chromosomal development (D’Souza et al.,
2020). Based on the research results, there was a gene
mutation on chromosome 21, where there was an addi-
tional part of this chromosome (Mohamed et al., 2021).
People living with Down Syndrome have three chromo-
somes 21. This excess chromosome is characteristic of
Down Syndrome or what is known as Trisomy 21 (Boundy
etal., 2023).

Children with DS have distinctive facial features,
congenital disabilities, mental retardation,
heart defects, lung problems, and widespread
infections (Krinsky-McHale et al., 2014).
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Children with Down syndrome vary greatly in ability,
but the majority show moderate learning difficulties,
and some have severe learning difficulties (Agheana &
Duta, 2015). Children with disabilities also experience
problems in daily living skills (Auld, Foley & Cashin,
2022). Daily living skills are essential for improved qual-
ity of life and autonomous living (Auld, Foley & Cashin,
2022). On average, children with Down syndrome still
depend on their parents or other family members to
carry out daily life activities (Widyawati & Ardianingsih,
2019). Therefore, an appropriate learning approach is
needed to train DS children to have daily living skills.

The development of learning methods linked to technol-
ogy to overcome problems in children with Down syn-
drome has been studied by several researchers (Shahid,
Law & Verdezoto, 2022). Technology has become some-
thing that is greatly needed by all levels of society in all
areas of life, including children with special needs (Baldo
et al, 2023). The trend is the reason that more research
is needed to deeply understand the use and adoption of
technology along with their methodology, intervention
techniques, and potential in equipping early childhood
special needs children to transform them into indepen-
dent adults (Baldo et al., 2023).

Some existing research focuses on the medical aspects
of Down Syndrome, looking at their prevalence, caus-
es, symptoms, diagnosis, medical complications, and
overall care management (Agheana & Dutd, 2015;
Lukowski, Slonecker & Milojevich, 2020; Morris, Far-
ran & Gilligan-Lee, 2023; Sabeti et al., 2024). Several
other researchers use machine learning as an interven-
tion medium for children with DS (Baldo et al., 2023;
Porras et al., 2021; Porras et al., 2022; Sabeti et al.,
2024). Meanwhile, digital technology has the poten-
tial to support children with intellectual disabilities
(Constantin & Hourcade, 2018; Tashnim et al., 2017).

Several studies have proposed several teaching methods
and materials that can result in more effective learning
for children with DS. One of them is the use of electron-
ic media to teach DS children. Research conducted by
Agheana & Dutd (2015) shows that there is significant
progress in the acquisition of basic mathematics skills

in children who use electronic media compared to
children who only use concrete objects. The research
results also show that teaching using visual learning

can improve children's education in coping with Down
syndrome if they are exposed to the right conditions
that suit their needs. Shahid, Law & Verdezoto (2022)
specifically presented a systematic literature review
regarding technology support for children with Down
Syndrome and adolescents appropriate for the mental
age of children considered neurotypical (NT). This syn-
thesis identified several key findings, namely that there is
a diversity of technological supports available for children
with Down Syndrome that target individual abilities.
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Technological developments also help in overcoming
the problems of children with Down syndrome; several
studies have used technological interventions to over-
come the difficulties of children with Down syndrome

( Shahid, Law & Verdezoto, 2022). Augmentative and
alternative communication (AAC) is an intervention,
method, and technology used to supplement an indi-
vidual's speech alternatives. AAC ranges from symbol
systems using charts, boards, communication books, and
individual cards (Foreman & Crews, 1998). The Foreman
& Crews (1998) study used Makaton as an intervention
technique that was considered more effective with
positive results for alternative communication among
Down Syndrome. The use of Makaton as a sign lan-
guage supports visuospatial memory and the ability to
reflect iconic components compared to verbal speech.

This field focuses on designing interactive technology,
how children can benefit from this technology, and its
effectiveness in the child's development process. Tech-
nology is increasingly being used to support children
with special needs, for example, in the areas of health,
education, behavior, and social communication. To mea-
sure or evaluate children's interactions with technology,
several different methodologies have been studied.
Manojlovic, Boer & Sterkenburg (2016) in their paper
present a fun interaction, also known as Theraplay, to
strengthen the bond between parents and children
with Down Syndrome families in the Netherlands. This
approach can benefit other children who experience
visual and hearing impairments throughout their devel-
opment (Manojlovic, Boer & Sterkenburg, 2016).

Macias et al. (2020) studied interactions between parents
and children with Down Syndrome to explore role-play
experiences. After observation, it was discovered that
parents, especially mothers of children with Down Syn-
drome, used directed behavior more often than mothers
of children who were developing. The increased use

of directed behavior causes children to become easily
distracted and divert their attention from the activity
they are doing. Macias et al. (2020) used puzzle games
to observe the type of directed behavior given and the
child's response to the directed behavior. Interaction
analysis is used to predict what happens in similar activi-
ties involving two people. The result is that excessive use
of directed behavior can damage a child's autonomy and
independence. The results of a literature review conduct-
ed by Shahid, Law & Verdezoto (2022) show that the use
of digital technology to support the learning of DS chil-
dren still needs to be improved, with most applications
being used in 21 papers, others under 15 papers (Figure 1).

The results of a literature review conducted by Shahid,
Law & Verdezoto (2022) also showed that there were
only six papers regarding the types of characteristics of
previous research related to independence/daily living
skills (Figure 2).



The six previous studies were: Alesii et al. (2013),
Costa et al. (2015), Franchi et al. (2016), Gomez et
al. (2017), Kramer et al. (2015), Lara et al. (2019).

» Figure 1: Use of Digital Technology for DS Children

» Figure 2: Characteristics of Research
Related to Independence

The results of the literature review above show that the
literature on learning interventions for children with
Down's syndrome is still limited, as well as the use of
technology to overcome the problems experienced by
children with Down's syndrome. To fill the research gap
regarding the use of digital technology for learning for
children with Down syndrome, this research will examine
the impact of using animated learning media on the daily
living skills of children with DS. Daily living skills tasks
include eating, dressing, bathing, and mobility (Auld,
Foley & Cashin, 2022). Daily living skills are essential for
improved quality of life and autonomous living (Auld,
Foley & Cashin, 2022). In addition, on average, children
with Down syndrome still depend on their parents or
other family members to carry out daily life activities (de
Weger, Boonstra & Goossens, 2021). The use of visual
media can facilitate understanding, strengthen memo-
ry, foster interest, and establish connections between
material content and the real world (da Cruz Netto et al.,
2020). Children with Down syndrome have a greater abil-
ity to perceive instructions visually. Audio-visual learning
is appropriate for DS children because this media can
stimulate the senses of sight and hearing (Az Zahra

etal., 2021).

Animated videos can help children form good
characters, which is reflected in polite words
in everyday life (Mashuri & Budiyono, 2020).
Based on these problems, there are three objec-
tives to be achieved in this research, namely:

RO1: To identify the level of learning visual
ability of children with Down syndrome

RO2: To explain the parameters of visual content
animation as a tool to obtain responses from
children with Down syndrome

RO3: To determine the effective animation
content to help the independence process
of children with Down syndrome

Method

Methodology is an important part of any research
because it presents and justifies the way the survey is
organized and conducted. In this research, the method-
ology used is mix method research. To be more specific,
we used an experimental study where the participants
were children with Down Syndrome. The research tool
used is qualitative research (initial/final evaluation,
interviews and non-participatory observation) using
several quantitative research tools as a complement.

The location of this research is in Central Java, Indonesia,
which has an area of 32,800.69 km?, or around 28.94%
of the area of Java Island, Indonesia. Study Population
Overall the children who are members of PIK Potads Cen-
tral Java have 490 children with Down syndrome.

The subject criteria for this research are: 1) Children
with Down syndrome 2) Boys and girls 3) Age 7-9 years
4) Resides in Central Java 5) Trisomy 21 Spectrum 6)
Having moderate and low mental retardation. Based

on these criteria the population in this study were
children aged 7-9 years, numbering 75 children. By con-
sidering the age of the child, we choose appropriate
audio visuals, namely Upin & Ipin videos and Nusa &
Rara videos which provide daily living skills education.

Participants

Participants in this study were children with Down Syn-
drome. Participants were children selected based on cer-
tain criteria, namely having an official diagnosis of Down
syndrome. Selected participants will be given learning
media to investigate whether these children will success-
fully respond to audio visuals and ultimately learn audio
visuals to increase their independence. In this study, chil-
dren's independence was measured by daily living skills
tasks including toilet training (Loue & Sajatovic, 2008).

Procedure

This research follows certain stages. First, semi-struc-
tured interviews were conducted to obtain information
about the level of learning of visual abilities of children
with Down syndrome.
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Second, analyze the parameters of animated visual
content as a tool to obtain responses from children
with Down syndrome, and third, analyze animated
content that is effective in helping the process of
independence for children with Down syndrome. In
the third stage, intervention was carried out, namely
testing animated videos to test the ability of children
with Down syndrome to understand animated videos
about toilet training. This test was carried out in stages
over 3 weeks, namely by watching 1 video (first week),
2 videos (second week), and 3 videos (third week).

Educational objectives

In accordance with the research objectives set
for this intervention, children must be able to:

1. Understand animation as an assistive medium,
2. Carry out the process of independence in the toilet.

Data collection and analysis

The data collection procedure is carried out with the
following steps:

1. In depth interviewing: semi structured interview 1
pediatrician, 1therapist, team psychologist (Table
1), and 13 parents of children with Down syn-
drome (Table 2); Observation (Partisipant Quisi):
1Q test for 13 children with Down syndrome;

2. Multiple Case Study: 3 series of animated
films Ipin Upin and 2 films series Nusa & Rara;

In depth interviewing: semi structured inter-
view on 13 children with Down syndrome;

3. Questionaire: Before and after trial to test pro-
totype with Wilxocon Sign Rank tst; 30 Pilot
Study respondents; 75 Respondents to test
the prototype; Analysis the response.

Results

The results of data analysis in this research are
divided into three parts to answer the research
objectives. The following is the arrangement:

Identify the level of learning
visual ability of children
with Down syndrome

To identify the level of visual learning abilities in
children with Down syndrome, the method in this
research uses in-depth interviews with experts who
are competent in their fields, namely pediatricians,
therapists, psychologists and parents of children with
Down syndrome. Themes that will be identified in this
research include the basic abilities of children with
Down syndrome (Prena, 2014; Whalen, Schreibman &
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Ingersoll, 2006), learning for Down syndrome children
(Wester Oxelgren et al., 2019), and the interests of
children with Down syndrome (Amatori et al., 2022).
The results of in-depth interviews with pediatric, ther-
apists, psychologists, and parents of children with
Down syndrome to Identify the level of learning visual
ability of children with down syndrome are as follows.

Table 1

Conclusions from in-depth interviews with experts

Theme Aspect Results

The speaking ability of each
child with Down syndrome
is different, it cannot be
generalized based on age

Speech Pathology

On average, the hearing

of children with Down
syndrome is normal, except
for those with comor-

bid hearing problems

Basic Audiology
Abilities
of Down

Syndrome

Understands the feelings
Children

of joy and sorrow, is emo-
tional and has a lower 1Q
than ordinary children

Psychology

Having done occupational
therapy, toilet training is
predominantly a prob-
lem of independence

Occupational
Therapy

The milestone for ADL
independence is toilet
training, so children with
Down syndrome need to be
trained to be independent.

Daily Living
Skill (ADL)

It is necessary to repeat
therapy at home repeat-
edly so that children
with Down syndrome
are independent

Learning
Children Independence
with Down | Therapy

Syndrome

Animated films as an inter-
vention medium have not
yet been found specifically
for toilet training children
with Down syndrome

Animated Video
as Learning Tool

Animated films are an
alternative medium for
teaching independent
toilet training, with
the right content

Intervention
Media

The need to limit
time when viewing
animated films

Screen time
& problem
behaviors

Interest

Hope there is an animat-
ed film for toilet training
interventions with dish-
es that children with
Down syndrome like

Media for chil-
dren’s screen time

The results of interviews and observations with pedia-
tricians, therapists and psychologists found that each
child with Down syndrome has a different character,
level of learning ability and interests even though they
are the same age. Independence is their problem,
especially toilet training, so they need an animated
film that they like as a medium for their intervention.



Table 2
Conclusions from the results of in-depth interviews with 13

parents of children with Down syndrome

Theme Aspect Results
92.3% of children with
Down syndrome at home
Speech Pathology use Indonesian, not all
of them can speak it
Another 76.92% of normal
i Audiolo hearing suffer from moder-
Ba?'.cl gy ate impairment & Sensori-
Abilities neural Hearing Loss (SNHL)
of Down
Syndrome 69.2% are worried about
Children the emotions and inde-
Psychology pendence of children
with Down syndrome
53.84% of children with
Occupational Down syndrome can-
Therapy not hold a ladle and
46.1% can hold a ladle
69.2% of respondents
Dailv Livin chose toileting as the
SkiIIy(ADL)g most difficult activity and
the second activity was
brushing their teeth.
53.84% of children with
Learning Down syndrome carry out
Chlldren Independence therapy independently
with Down at home under paren-
Therapy . )
Syndrome tal supervision using
audio-visual via televi-
sion and smart phone
76.92% of respondents
Animated Video wanted animated videos as
as Learning Tool learning aids and the rest
wanted direct learning
. 76.3% independent ther-
Intervention L -
) apy which is carried out
Media . L .
using audio-visual media.
Screen time 100% of children with
& problem Down syndrome watch
Interest : . )
behaviors animated videos
69.2% most often use
Media for chil- smartphones and the
dren’s screen time | least use televisions Ipin
upin and Nusa Rara
Table 3

Parameters of Visual Content Animation

These results are supported by observations made by
parents of children with DS who found that the basic
abilities of Down syndrome children aged 7-9 years
cannot be generalized. The abilities of DS children aged
7-9 years are equivalent to children usually 3-5 years
old. Parents worry about independence especially toilet
training. Parents carry out further intervention through
animated videos, via TV and YouTube platforms. Chil-
dren with Down syndrome concentration is longer when
viewing animated videos than other media. Down syn-
drome children like animated videos because of their
cute appearance, main characters in pairs, music and
songs, and showing daily activities. Down syndrome
children aged 7-9 years are equivalent to normal chil-
dren aged 3-5 years. Down syndrome children are inter-
ested in animated videos (Ipin Upin and Nussa Rara).

Explain the parameters of visual
content animation as a tool to
obtain respons from children
with Down syndrome

The second data analysis was carried out by means
of a Multiple Case Study using 10 animated vid-
eos (Table 3), namely the Upin and Ipin dan vid-
eos (5 series) and the Nussa Rara videos (5 series).
Upin & Ipin video links and Nussa and Rara vid-
eos are below. Video link is in the attachment.

Conclusion:

Visual Character: Physical characteristics of the cartoon:
light brown skin, black hair, slanted eyes (mongoloid),
thin lips, big head, short neck (resembling a child with
Down syndrome), paired. favorite animal is elephant

Environment: The bathroom colors found are
bright; The type of closet that is often found is
the squat; The color of the closet found is white;
The most common toilet door color is blue.

Visual Character

Organs Face Clothes

Environment

Duration

Narrative

The skin color of
the entire cast is

Round eye shape
Eyeball color is

The types of
clothes used are

the same, namely black both 2 colors
light brown Thin lip shape There are different
The hair color of the | Pink lip color colors for each

entire cast is black
The hair size of the
entire cast is short
The head size
equation

for all casts is large
Similar shape of
sickle ears

Short neck shape

Sharp nose shape character pairing

Most of the sets
where videos are
taken are in the
home environment
and are more often
found in bathrooms

The average dura-
tion of the video is
around 10 minutes
The video dura-
tion is quite long
because 1video
contains 1 episode

The average num-
ber of vocabulary
words in the title is
3 words

The average num-
ber of activities

in 1video clip

is 4 activities
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Duration: The average length of the film is more
than 6 minutes; The average duration of each slide is
11-15 seconds; Pronunciation duration 5-6 seconds

Narrative: The font color used for subtitles is
white; The type of font used is bold and small;
Number of words per slide 5-8 words

Other elements: Likes music, likes 2D and 3D anima-
tion, understands story lines, repetitive (repetition)

Determine the effective
animation content to help

the independence process of
children with Down syndrome

Based on the results of the animated visual content
parameters found, an animated visual prototype was then
created as follows (Figure 3). The animated visual results
were then made into an animated video which was tested
on DS children related to toilet training (Table 4).

The test results are explained below:

Table 4
The Results of the Wilxocon Sign Rank Test

Based on the results of the Wilxocon sign rank
test, the following conclusions were obtained:

Testing the level of understanding of Down syn-
drome children regarding toilet training messages

a. The first test was that children with Down
syndrome were given the test treatment by
watching an animated video about toilet
training once, the result was an Asymp Sign
value of 0.151, this means there was no signif-
icant difference in the level of understanding
of children with Down syndrome regarding
the toilet training message in the video.

b. Testing the two children with Down syndrome
who were given treatment by watching it
twice, the result was an Asymp Sign value
of 0.029, this means that there was a
significant difference in the level of under-
standing of children with Down syndrome
regarding the toilet training message after
watching the animated video twice.

c. Testing the three children with Down syn-
drome who were given the test 3 times,
the result was an Asymp Sign value of
0.001, this means there is a significant
difference in the level of understanding
of DS children regarding the toilet train-
ing message from the animated video.

Frequency Asym

Variable of Watching Z value S:/ np
Videos g

Message 1x Watch -1,437 0,151
Understanding 2 x Watch -2,184 0,029
3 x Watch -3,417 0,001

Independence 1x Watch -1,955 0,051
2 x Watch -3,359 0,001
3 x Watch -4,571 0,000

» Figure 3: Animated visual prototype
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Based on these three tests, it shows that the more
often DS children are given the treatment of watch-
ing animated videos, the more they will improve
their ability to understand the message from animat-
ed videos related to their toilet training abilities.

2. Testing the independence of children with
Down syndrome in toilet training
a. The first test for Down syndrome children
was given the testing treatment once,



watching an animation video about toilet
training, the result was an Asymp Sign value
of 0.051, this means there is no significant
difference in the level of independence in
toilet training for Down syndrome children.
b. Testing the two children with Down syndrome
who were given treatment by watching it
twice, the result was an Asymp Sign value of
0.029, this means that there was a significant
difference in the level of toilet training inde-
pendence for children with Down syndrome
after watching the animated video twice.
c. The third test for Down syndrome children
was given the test 3 times. The result
was an Asymp Sign value of 0.001, this
means there was a significant difference
in the level of toilet training indepen-
dence for Down syndrome children after
watching the animated video 3 times.
Based on these three tests, it shows that the more
often DS children are given the treatment of watch-
ing animated videos, the more independence DS
children have in carrying out toilet training.

Discussion

To identify the level of visual
learning ability in children
with Down syndrome

The most common genetic disorders experienced by
children with Down syndrome (DS) are neurological
deficits and visual impairment (Hgjberg, Lundbye-Jen-
sen & Wienecke, 2023; Manrique-Nifio et al., 2020).
The development of these two functions depends on
executive control (Manrique-Nifio et al., 2020). How-
ever, it is not known whether there is a relationship
between visual impairment in children with DS and
delays in their cognitive development. The purpose
of this study is to identify the level of visual learning
ability in children with Down syndrome, including
the basic skills of children with Down syndrome, how
children with Down syndrome learn, and the inter-
ests of children with Down syndrome, then carry out
evidence-based intervention research for this group.

This study uses in-depth interview techniques with
experts and practitioners who are directly related to DS
children. The results of this study identified that each
child with Down syndrome has a different character, level
of learning ability, and interests, even though they are
the same age. Basic ability measurements include aspects
of speech pathology, audiology, psychology, and occupa-
tional therapy. The speech pathology aspect shows that
the speaking ability of each child with Down syndrome is
different; it cannot be generalized based on age.

Then, in the audiology aspect, it was found that
children with Down syndrome had normal hearing,
except for those with comorbid hearing problems.
The psychological element shows that children with
DS understand the feelings of joy and sorrow, are
emotional, and have a lower IQ than normal children.
Meanwhile, in the occupational therapy aspect, DS
children have done occupational therapy, and toilet
training is the dominant issue in their independence.

The results of observations involving parents regarding
the basic abilities of children with Down syndrome con-
cluded that in the aspect of speech pathology, namely
92.3% of children with Down syndrome at home use
Indonesian, and not all of them can speak well. Then, in
the audiology aspect, 76.92% of their hearing was nor-
mal, while the others experienced moderate impairment
and sensorineural Hearing Loss (SNHL). In the psycho-
logical aspect, it shows that 69.2% are worried about the
emotions and independence of Down syndrome chil-
dren. In the occupational therapy aspect, it shows that
53.84% of Down syndrome children are not yet able to
hold a spoon, and 46.1% can already use a spoon. Based
on these results, it can be concluded that the basic abili-
ties of DS children cannot be generalized.

Still, their development is slower than that of children in
general, and the skills of DS children aged 7-9 years are
equivalent to those of typical children aged 3-5 years.

These results support previous studies, which stated
that in children with DS, motor, cognitive, practical,
and social skills develop more slowly compared to the
development of children in general (Boundy et al.,
2023; Morris, Farran & Gilligan-Lee, 2023). After birth,
children with DS experience slow growth and maturity
(Lukowski, Slonecker & Milojevich, 2020; Morris, Far-
ran & Giligan-Lee, 2023). Furthermore, within a few
months, the development of the morphology of the
nerves of the visual cortex (where visual information is
processed), the size of the cerebellum and brain stem,
brain weight, skull size, and visual acuity progressive-
ly slow down (de Weger, Boonstra & Goossens, 2021;
Manrique-Nifio et al., 2020). Eye disorders also limit
visual acuity and visual function. These disorders include
frequent and severe refractive errors, nystagmus, and
slowness of accommodation (da Cruz Netto et al.,
2020; Hgjberg, Lundbye-Jensen & Wienecke, 2023).

The results of interviews and subsequent observations
related to DS children's learning in the daily living skills
(DLS) aspect show that the milestone for ADL indepen-
dence is toilet training. Hence, Down syndrome children
need to be trained independently regarding toilet train-
ing. The aspect of independence therapy shows the need
to repeat therapy at home repeatedly so that children
with Down syndrome become more understanding

and independent.
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In the Animated Video as a Learning Tool aspect, it is
concluded that animated films can be used as inter-
vention media. Still, we have yet to find a special video
for toilet training children with Down syndrome. The
results of observations from parents of DS children
regarding the ADL aspect concluded that 69.2% of
respondents chose toilet training as the most difficult
activity, and the second activity was brushing their
teeth. In the independence therapy aspect, it was con-
cluded that 53.84% of children with Down syndrome
carried out therapy independently at home under
parental supervision using audio-visual via television
and smartphones. Meanwhile, regarding the animated
video as a learning tool aspect, it was concluded that
76.92% of respondents wanted animated videos as
learning aids, and the rest wanted to know directly.

Based on the results of the interviews and observa-
tions above, it can be concluded that children with DS
have difficulty learning in toilet training; independent
therapy is preferred to be done at home with parents
using audio-visuals and the videos that children with
DS like to know for learning are animated videos. To
overcome this problem, parents carried out further
interventions through animated videos on the TV and
YouTube platforms; the result was that DS children's
concentration was longer when they saw animated
videos compared to other media. DS children liked
animated videos because they looked cute, there were
people and pairs of characters, there was music, and
there were daily activities. DS children were espe-
cially interested in animated videos Upin and Ipin.

These results support previous research stating that
the basic abilities of children with Down's syndrome
are different. Still, children with Down's syndrome have
the same problems in their daily living skills, so learn-
ing media intervention in the form of animated videos
is needed to train their motor and cognitive skills so
that they develop optimally, especially to teach them
(Boundy et al., 2023; de Weger, Boonstra & Goossens,
2021; Lukowski, Slonecker & Milojevich, 2020). DLS
includes three subdomains: personal (taking care of
self), domestic (taking care of the home), and commu-
nity skills (school/community life) (Sparrow, Cicchetti
& Saulnier, 2016). So, DLS includes Activities of Daily
Living (ADL) and Instrumental Activities of Daily Living
(IADLs). ADL refers to more basic self-care tasks (e.g.,
brushing teeth, dressing, and personal hygiene).

In contrast, IADL refers to more complex skills (e.g.,
financial management, preparing food, and washing
clothes) (Guo & Sapra, 2022). The acquisition of these
skills impacts the extent of a person's ability to live
independently and independently in their routine living
environment (Hong et al., 2015). DLS, when carried out
alone, can encourage improved quality of life and reduce
dependence on other people (Wertalik & Kubina, 2018).
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Based on the findings in this research, learning media
is needed to train children with DS to be indepen-
dent, especially animation media, to train toilet train-
ing, which some DS children have difficulty doing.

Explain the parameters of visual
content animation as a tool to
obtain responses from children
with Down syndrome

The development of information and communication
technology today is increasingly intertwined with every-
day life, from using mobile applications to remotely
control lighting at home to tracking health-related prob-
lems, socialization applications, fitness applications, and
much more (Mohammedi & Augusto, 2021). One of the
difficult challenges is that only some systems can meet all
individual needs, considering that each user group and
stakeholder has their priorities, needs, and preferences.
The surge in applications that focus on helping people
with various health-related conditions, as well as other
applications that aim to improve well-being and lifestyle,
is increasing in number. However, not all communities
are given the same attention; some community groups
with special needs still receive less attention because
their percentage is small, so they are less attractive from
the market side; this widens the digital gap between
several sectors of society (Mohammedi & Augusto, 2021).

Based on the identification of basic abilities, learning
methods, and interests in children with DS, ADL prob-
lems, namely toilet training, were found. These findings
require learning media that are effective and appropriate
to the character and interests of children with DS, name-
ly animated videos. The animated videos that children
like based on observation results are Upin & IPIN and
Nusa Rara. In this sub-discussion, we will explain the
findings related to the visual parameters of the animated
content in the Upin & IPIN and Nusa Rara videos on the
YouTube Channel, which will be used as a tool or medium
for making prototypes of toilet training learning videos.

YouTube is an option for sharing video content that is
entertaining and useful for society because the system is
so easy and reaches many people (Az Zahra et al., 2021).
Therefore, YouTube has become a forum for sharing
knowledge in the form of learning animation videos,
where learning animation videos, there is a Voice Over to
explain the animations shown in the learning animation
videos; apart from that, there are also animations in the
form of illustrations as visuals so that they can be easier
for the audience to understand (Az Zahra et al., 2021).

The results of this study found that DS children liked
visual characters with physical characteristics such as
light brown skin, black hair, slant eyes (mongoloid),
thin lips, big heads, short necks (resembling Down syn-



drome children), and pairs. His favorite animal is the
elephant. Then, the environmental aspects include the
color of the bathroom, which is found to be bright; the
type of cupboard that is often seen as squat; the color
of the closet is found to be white; and the most com-
mon color of the toilet door is blue. Then, in terms of
duration, the average duration of the film is more than
6 minutes, the average duration of each slide is 11-15
seconds, and the duration of the pronunciation is 5-6
seconds. In the story aspect, the font color used for the
subtitles is white, the font type used is bold and small,
and the number of words per slide is 5-8 words. Then
others like music, 2D and 3D animation, understanding
story lines, and repetition. These results show that DS
children like visual characters with physical charac-
teristics that are close to their physical characteristics
and environments that tend to be brightly colored.

Based on the findings of these parameters, this research
has produced animated learning videos for children with
DS. The animated video can be seen at the following
link: https://bit.ly/Toilettrainning. This animated learning
video for children with DS will be uploaded to the You-
Tube channel after testing its effectiveness. The results
of testing the effectiveness of the learning animation
videos are explained in the following sub-discussion.

Determine the effective
animation content to help

the independence process of
children with Down syndrome

In the world of education, the development of infor-
mation and communication technology in the learning
process is increasing (Az Zahra et al., 2021). ICT aims

to make the teaching and learning process easier and
easier for students to accept. One of the media used

in learning is video. The findings of this research show
that DS children really like animated videos that match
their characters and interests. Based on these findings,
this study has created a prototype video for DS children
to teach toilet training skills so that DS children can be
independent and no longer dependent on other people.

Toilet training is one part of self-development activities,
namely self-care activities that are challenging to do for
children with Down syndrome. Toilet training is because
children with Down syndrome experience motor and
emotional problems, which result in difficulty in carrying
out procedures for cleaning themselves after defecating.
The aim of toilet training for children with Down syn-
drome is to be able to clean themselves after defecating
or urinating. The results of the treatment with animated
videos show that learning through animated videos sig-
nificantly influences the level of message understanding
and toilet training independence in DS children. With
the characters, environment, duration, colors, and fig-

ures in the video that they like, it will further increase
their interest in the video so that they can understand
the message in the animated video easily. The results
of this study support research conducted by Az Zahra
et al. (2021), who found that learning with animated
videos will further improve children's abilities in daily
living skills, namely how to brush their teeth properly.

The self-development program has a central role in
assisting students in carrying out self-development for
themselves, such as caring for and taking care of them-
selves, maintaining personal safety, communicating, and
adapting to the environment according to their abilities
(Auld, Foley & Cashin, 2022). Self-development learning
is directed at actualizing and developing students' abili-
ties to carry out self-development for their own needs so
that they do not completely burden others (Auld, Foley &
Cashin, 2022; de Weger, Boonstra & Goossens, 2021). In
the self-development program, there are various aspects
that Down syndrome children must master and possess
so that each child can live a normal life in accordance
with independent functions, including self-care, self-care,
self-help, communication, socialization/adaptation, life
skills, and fill the free time (Auld, Foley & Cashin, 2022;
Zgonec & Bogataj, 2022). Down syndrome children

aged 7-9 years in Central Java have different characters,
levels of learning abilities, and interests even though
they are the same age. DS children tend to experience
problems with independence, especially toilet train-

ing. Independent intervention to be used as a learning
medium can be done through animation media whose
visual content is in accordance with their preferences,
namely using a forward, simple plot, third person point
of view; an optical character with light brown skin color,
black hair, slant eyes (mongoloid), thin lips, big head,
short neck (resembling a child with Down syndrome),
paired; showing the animal character of an elephant as

a complement to the main character; bright color; and
lasts approximately 5 minutes, and there is happy music.

Conclusion

The results of the treatment with animated videos
show that learning through animated videos signifi-
cantly influences the level of message understand-
ing and toilet training independence in DS children.
With the characters, environment, duration, colors,
and figures in the video that they like, it will further
increase their interest in the video so that they can
understand the message in the animated video easily.
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Calibration of the printing process for
3D models using Vat polymerisation
and investigation of the mechanical

properties of TGM-/ resin

ABSTRACT

With the development of modern technology, three-dimensional graphics
(3D) are increasingly making their way into various fields such as design,
advertising, packaging, industry and even medicine. Three-dimension-

al graphic elements can be not only modelled, but also apadted for the
three-dimensional printing. However, the quality of the print is highly
dependent on the printing method used, technological process and on the
properties of the material. In this work, the models were created using

3D graphics software and tested after 3D printing. The new acrylic resin
TGM-7, developed by Ameralabs, was used for the 3D printing. During the
testing process, the models were calibrated in order to obtain accurate and
high-quality models with fewer inaccuracies or defects in the future and
precise connections. During the experiments, a more significant change

in dimensions was observed in the lower part of the models, which could
have occurred due to the deposition of the polymer. Samples printed at a
450 angle had more accurate dimensions. The mechanism of parameters
compensation in the XY and YX axis was demonstrated. During the work,
the mechanical properties of the material were also determined, which are
important for the many applications such as packaging, advertising items or
other products subject to load. The acrylic resin, printed at different angles,
exhibited plastic propertie, and samples printed at a 90° angle were bet-
ter able to withstand dynamic loads, which averaged 206 N. The obtained
results were applied to the creation and printing of an advertising model.
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3D modelling, design, 3D printing, resin, calibration,
masked stereolithography, mechanical measurements
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Introduction

With the development of information and multimedia
technologies, three-dimensional (3D) technologies are
gaining market share (Shahrubudin, Chuan & Ramlan,
2019; Dizon et al., 2018). AMFG (2021) forecasts that
by 2030, the use of three-dimensional technology and
the revenue generated from 3D printing will more than
double, and, as can be seen in Figure 1, not so much

in the production of prototypes or parts, but in the
production of final goods or their structural accesso-
ries. 3D printing is the innovation of this century and,

according to Barry Berman (2012), an industrial revo-
lution that can bring original virtual designs into the
tangible material world. 3D printing enables the design
and production of complex geometric shapes that can
be continuously edited, as they do not require any
additional moulding and the design ideas are realised
through digital tools (Macdonald & Wicker, 2016).

3D printing opens up new opportunities and offers great
promise for companies seeking to improve production
efficiency. Moreover, this technology has the potential to
make important and fundamental changes in the industry
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and transform production (Shahrubudin, Chuan & Ram-
lan, 2019). The application of 3D printing can accelerate
the speed of production, especially for small volumes,

reducing the time and cost of production (Unifize, n.d.).

» Figure 1: Revenues from polymers 3D printing in the
consumer goods industry in million US dollars
(AMFG, 2021)

A 3D model is a mathematical representation of any
three-dimensional object (real or imaginary) in a 3D
software environment (Vaira & Linkuviené, 2013). At the
initial stage of turning an idea into a creation, it is import-
ant to choose the right 3D printer software. There are
many 3D printing software options, but it is important

to consider things as follows: ease of use, functionality,
compatibility with different file formats and support for

a complete additive manufacturing design process. The
representatives of Jaycon identify 15 of the most popular
3D printing design software currently available on the
market: Autodesk Fusion 360, TinkerCAD, SolidWorks,
Rhino3D, SketchUp, Blender, Ultimaker Cura, Autodesk
AutoCAD, CATIA, Onshape, ZBrush, FreeCAD, Kreo, Sim-
plify3D, and Autodesk MeshMixer (Jaycon, 2024). Wheth-
er it is complex product design or simple 3D objects, the
right software can simplify the design process, improve
the final product and help achieve the objectives.

Three-dimensional (3D) graphical elements are widely
used in many fields, such as architecture, industry (Vai-
ra & Linkuviene, 2013), medicine (Vaz & Kumar, 2021;
Liaw & Guvendiren, 2017), and simple and intelligent
packaging (Tracey et al., 2022) as well as in wick design
and for advertising purposes (Ameralabs, n.d.), and in
the production of smart 3D structures (Nassar et al.,
2018). 3D graphics elements can be successfully applied
to 3D printing not only in mass production, but also in
the production of single products or prototypes and in
the development of educational stands. (Lasec group,
n.d.) Some examples of products can be seen in Fig. 2.

3D printing is now useful not only for creating objects
with micrometric parameters, but also for creating
nanometric structures (Weitzer et al., 2022). So-called
4D technology is also on the way. It is not only possible
to obtain a three-dimensional shape, but also to have a
variable shape and an object that changes the position

30

of the individual parts (Rieland, 2014). For this purpose,
elastic polymeric materials- elastomers- are common-
ly used (Kuang et al., 2018). Manufacturing a product
from such materials can lead to a complex design,
which in some cases would be difficult or even impos-
sible to obtain without three-dimensional modelling.

» Figure 2: Examples of 3D models and products
(Avid Product Development, 2024; Ameralabs, 2023):
(a) the examples of the 3D models of packaging, (b) the
buckle, (c) the printed dentures, (d) the printed box

In order to make a three-dimensional object three-di-
mensional and tangible, 3D printing equipment is
required. A range of 3D printing techniques are used in
this field (AlI3DP, 2023). Shahrubudin, Chuan & Ramlan
(2019) identify and classify the following techniques:
binder jetting, directed energy deposition, materi-

als extrusion, materials jetting, powder bed fusion,
sheet lamination, and VAT photopolymerisation.

Each printing method has its own characteris-

tics depending on the type of material used, the
equipment and the desired result (AlI3DP, 2023).
Currently, the most widely used 3D printing tech-
nologies on the market are hot extrusion and resin
VAT photopolymerisation (Staffova et al., 2022).

VAT photopolymerisation is a commonly used 3D print-
ing technique which generally refers to the curing of
photoreactive polymers using lasers, light or ultraviolet
(UV) light (Low et al., 2017) VAT polymerisation can be
performed by different 3D printing technologies (Fig.
3): stereolithography (SLA) and digital light-assisted
stereolithography (DLP/SLA) (3DP.Lighting., n.d.), and
masked stereolithography (Masked SLA) (Wyss, 2019).

(a) (b) (c)
» Figure 3: VAT polymerisation printing techniques:
(a) stereolithography, (b) light-flow treatment, (c)
masked stereolithography (Wyss, 2019)



During the initial development of stereolithography,
the technology was limited to liquid photopolymers
as a raw material. The need to produce robust parts
with high mechanical properties and functional-

ity has led researchers to incorporate micro- and
nano-sized fillers into the liquid photopolymer for a
variety of applications (Chaudhary et al., 2023).

In the case of SLA, the photoinitiator and specific con-
ditions of exposure to UV light influence, as well as any
dyes, pigments or other added UV absorbers, have an
impact (Stansbury & Idacavage, 2016).

Meanwhile, digital light processing is a stereolithogra-
phy-like process that works with photopolymers. The
main difference in these devices is the light source. Digi-
tal Light Processing (DLP) uses a more conventional light
source such as an arc lamp with a liquid crystal display
panel. It can cover the entire surface of a photopolymer
resin vessel in one pass, so it is generally faster than
stereolithography (3DP.Lighting., n.d.). The quality of
objects can be affected by exposure time, wavelength
and amount of energy supplied (quote). Usually, the
starting material (resin) is in liquid form and is cured
with the help of a polymerizing UV light source. Photo-
polymerization can produce very high-quality products
with good surface smoothness and detail integrity.

An SLA printer can have two types of configurations: bot-
tom-up and top-down (Shahrubudin, Chuan & Ramlan,
2019). In a top-down printer, the first layer is produced
on top of a support in the resin, and subsequent layers
are cured on top of the lower layers. This technology

is still widely used, but the movement of the support
along the Z-axis dislodges the resin, and it takes time for
the resin to settle which reduces the efficiency of the
process. Another type of printer works on the opposite
principle: the newly produced layer is placed underneath
the previous layers, and photopolymerization with UV
light is carried out from below. Since the movement

of the support does not move the resin, the surface of
the finished structure is always very smooth and the
process is faster (Formlabs, 2024a; FormLabs, 2024b).

The main advantages of 3D printing are design flexibil-
ity, customisation, waste reduction, rapid prototyping,
high precision, tool avoidance and the ability to pro-
duce complex structures (Ngo et al., 2018). However,
the quality of the print is strongly dependent on the
printing method and process used, as well as on the
design of the object (Faroze, Srivastava & Batish, 2024).

The main disadvantage is the heterogeneity of 3D print-
ed parts due to defects between adjacent print layers
or voxels or polymer relaxation and inhomogeneous
monomer conversion in the prints (Staffova et al.,
2022). For this purpose, calibration shapes are printed
and their dimensions evaluated (Ameralabs, n.d.).

Difficulties may also arise when trying to fit parts
together in joints. In this case, it is important to recal-
culate and change the dimensions of the objects ready
for printing, which is not a straightforward process

as some parts of the object may need to be reduced
and others enlarged (3D Maker Noob, 2018). Snap-fit
joints are a way to connect two different components
without using fasteners or permanently joining the
parts so that they can be separated later. Once assem-
bled, a snap-fit connector can be either permanent or
demountable. There are several different types of joints
(cantilever snap fit joints, torsional snap fit joints and
annular snap fit joints), but they should all be designed
to be easy to assemble by hand (Shields, 2023).

During testing, conversions and calibration of the
printing equipment are carried out (3D Maker Noob,
2018). Such test calibration printing and evaluation

is particularly important for newly developed or pur-
chased materials. Synthetic polymer resins exhibit a full
range of different properties such as polymer fluidity,
plasticity, polymerisation and relaxation rates, varying
degrees of cure, and resistance to mechanical stress-
es (Govaert, van der Vegt & van Drongelen, 2019).

Experimental materials
and equipment

A new acrylic resin TGM-7 from Ameralabs
was used in this experiment. Table 1 shows the
main chemical constituents of the resin.

Table 1
The main chemical constituents of resin

Name of chemical component | CAS Nr. Con.cen-
tration
4-(1-okso-2-propenil)- 5517-12-4 50-55%

morfolinas

(oktahidro-4,7-metano-1H-in- 42594-17-2 6-9%

denediil)bis(metilen)diakrilatas

Difenil(2,4,6-trimetilbenzoil)
fosfino oksidas

75980-60-8 | 1-4%

The 3D objects were modeled using Autodesk Fusion
360 software and prepared for printing using the
CHITUBOX programme. All samples were printed using
a masked SLA printer Elegoo Mars 3 4K. The param-
eters of the printing process are given in Table 2.

After 3D printing, the samples were washed with iso-
propanol for 14 min in a wash and cure station Anycubic
Wash & Cure plus, dried in the air for 30 min and then
additionally polymerized (post-cured) in a standard

UV chamber Anycubic Wash & Cure 2.0 (power 25 W)
with UV light source of 405 nanometers wavelength.
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Determining the strength properties, the tension
measurement stand was chosen: the universal 10 kN
power testing machine Tinius Olsen H10KT with a 500
N force measurement sensor. Tensile measurements
were made according to the ISO 527-5A standard (ten-
sile time 5 min, distance between grips 25 mm).

Table 2
The main printing parameters of resin
::E;th:?ducmg Values of parameters
UV spectrum peak 2.62 mW-cm?
Light intensity 406.3 nm
Exposure time 165
Motor rotation deviation 1,25 um
with respect to the Z axis
Woxel size 0,035 mm

Results and discussions

Occurrence of defects

The printing process itself is not complicated, but a
poorly designed and prepared model can be much
more troublesome, leading to defects after printing.
When modelling objects, it is necessary to consider
both the design and the construction of the future
product, i.e. whether the designed object will print
and whether the parts will be of the right size and
be able to be joined together. Incorrect decisions by
the designer can lead to failure, with the object end-
ing up with an uneven surface or being torn apart
during printing due to stresses in the material.

Fig. 4 (a) shows horizontally printed objects that were
lifted to a height of 5 mm on supports. This 'run-out' of
layers occurs when the supports do not hold the print-
ed layer sufficiently and it begins to fall before the next
layer is printed. These defects can be avoided by printing
objects flat on the platform, by rotating them at an angle,
or by adding more supports of appropriate parameters.

When forming holes, small surface creases may also
appear on the sides of the parts. Too few composite
supports can also cause the model to wobble, affect-
ing the shape and surface smoothness of the model.

Fig. 4 (b) shows a 20 mm diameter ball on which sup-
ports have been placed by hand to support each part
of the ball. The supports are visible both externally and
internally, connected to each other and from object to
object. Printing such balls requires far fewer supports
than the shape of the model might suggest, depending
on the size of the object and the thickness of the shell.
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Sometimes when printing, especially for inexperienced
3D printmakers it happens that for some reason the
objects are not printed and remain in the container. This
is usually because the supports used could not support
the weight of the object or resist the adhesion to the FEP
film and fell off. The supports may not hold the object

if their contact diameter is too narrow (< 0,30 mm).

In Figure 4 (c), a hollow part was modelled in
order to lighten the object and save materi-
al. Unfortunately, the void and stresses inside
caused the part to tear due to air ingress.

(b)

» Figure 4: 3D printing defects caused by the selection of
the wrong supports (a) and design solution (b)

Study of the parameters
of a cube with a hole

In order to ensure the accuracy of the 3D object after
printing, it is important not only to select the correct
supports during the modelling process, but also to carry
out the dimensional refinement and adjustment steps
and the calibration process of the machine, which was
done in this study. The calibration process is carried
out each time a new, untested resin is selected for
printing. In this work, a new Ameralabs acrylic resin
TGM-7 was used for research. The quantity and shape
of the calibration parts may depend on the shape of
the final product to be printed and the shape of the
components and their connections. The work started
with the modelling of the calibration shapes. Autodesk
Fusion 360, a three-dimensional graphics programme,
was chosen for the modelling of the figures on a com-
puter. A 30 mm cube was created with the box tool and
a circular hole of 20 mm diameter, 30 mm long, was
formed horizontally in the centre of the cube (Fig 5, a).



The generated shape was exported to an "stl" format file.

This file type is a common format for 3D printing
and Computer-Aided Design (CAD) applications.
The resulting file was loaded into the cutting pro-
gramme CHITUBOX (Fig 5, b). Here, the shapes
were copied and rotated to angles of 1-0, 2-45 and
3-90 degrees respectively and prepared for print-
ing to investigate the dimensional change after
seating and relaxation of the polymerised resin.

The model printed at 45 degrees did not have a strong
contact with the printing platform, so it was lifted to a
height of 5 mm from the platform and supports were
placed to hold the object in place to prevent it from
falling and moving during the printing process (Fig. 6).
The supports can be placed automatically or manually.

(a)

In this case, the automatic placement was performed
and the required parameters have been set (Fig. 6).

Among the support settings, lightweight sup-
ports have been selected and the shape of the
base has been changed to a flat shape to bet-
ter adhere to the printing platform and to make
it easier to unhook the printed object.

The shape of the tip contacts was switched off and
only the tip itself was adjusted, which was conical

in shape with an upper diameter of 0,30 mm and a
lower diameter of 0,80 mm. The middle part of the
supports is cylindrical with a diameter of 1,20 mm. The
diameter of the lower part was 10 mm. The correct
selection of the supports is important for the surface
shaping of the object in order to prevent them from

(b)

» Figure 5: Object preparation for printing: a) simulated calibration cube in Autodesk Fusion 360, b) cubes (1, 2, 3)

ready for printing in CHITUBOX

» Figure 6: Support settings: a) top, b) middle, c) bottom, d) base
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settling during the printing process or separating from
the surface after the object has been printed. Once
the supports were assembled, the appropriate print
settings were selected to best suit the type of resin.

The printed objects were measured with a precision
electronic caliper to estimate the overall dimensions of
the cones and holes in all axial directions. The printed 3D
objects (Fig. 8.) were labelled according to the scheme
shown in Fig. 7. For the printing process, 4 bottom layer
counts, exposure time 1,6 seconds, bottom exposure
time 20 second and O transition layer count were set.

After the shapes were prepared for printing, the
file was exported from the cutting program in "ctb"
format to be recognised by the printer. In order to
estimate the dimensions of the edges of the mod-
eled and sharply rotated objects after printing, they
were marked with letters, as shown in Figure 7.

» Figure 7: Marking angles and holes in the
calibration models

» Figure 8: Printed models separately (1, 2, 3)

The printed objects were further hardened by polymeri-

sation with 405 nm UV light to stabilise their parameters.

The defects on the models were observed after the cur-
ing process was completed.
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The most noticeable defects were the seating of the
first cube figure in the hole during printing, the polymer
shrinkage inside the hole, the 'step' effect of the second
figure and the blooming of the third printed model.

As can be seen from the diagram (Fig. 9), the largest
dimensional changes for the first cube model, printed
at a O degree angle, were in the vertical axes and at the
base. The edges AB, AD, CB, and CD of the first model
were smaller than the edges AB, AD, CB, and CD, indi-
cating that the bottom of the model was wider than the
top by an average of 0.645 mm, or 2.19 percent of the
30 mm value set for the modeled object. The vertical
edges of Aa, Bb, Cc and Dd were also shorter by 0.18
mm (0.59%) than the theoretical set dimension of 30
mm. The second model was reduced in height by 0.19
mm (0.63%). The dimensions of the horizontal edges
varied only slightly. Comparing the first and third mod-
els, it can be seen that vertically there was a subsidence
and the dimensions became smaller than those of the
modelled objects, while at the base there was a pro-
nounced widening of the objects by 2% on average. The
smallest average change (decrease) in all dimensions was
observed in the 45 degree printed object. We think that
these changes in the models could have occurred due to
the deposition of the polymer in relation to the vertical
Z axis, as well as due to the error of the UV light source
and the amount of light received through the printed
polymer layer.

For the same reason, the diameters of the holes
in the cobe models also have been changed. The-
oretically, the exposure error of the UV source can
be compensated through the printing software,
but the quality of the software can also affect it.

The hole diameter of the first model decreased more
in the vertical Z axis (Fig. 10) than in the horizontal (X
and Y) axes, indicating that the hole became slightly
elliptical. In the third cube model, the hole at the top
of the object remained closest to the hole diameter
determined by the modelled object, but at the bottom
of the object, the diameter of the hole decreased in
both axes, resulting in a conical shape with a smaller
diameter at the bottom. The hole dimensions of the
cube models printed at 45 degrees also decreased, but
the average change was not as large as for the mod-
els printed at O and 90 degrees and averaged 0,8%.

Thus, a comparison of the three cube models printed
at different angles shows that the polymer's yielding
properties resulted in all the layers of the object being
exposed vertically to the polymer's own weight during
printing and seating. The upper parts of the models
were narrower than the lower parts, and the edges
which were expanded were contracted on the opposite
side. In the case of the holes, the cube samples were
also observed to sit with respect to the vertical axis.



» Figure 9: Comparison of edges parameters of printed cube models

Direction of holes measurements

WO degree W45 degree 90 degree

» Figure 10: Comparison of holes diameter of
printed cubes

In order to avoid the inaccuracies obtained, the 3D mod-
els of the cubes with holes were corrected in the soft-
ware environment after printing and their dimensions
were changed according to the results obtained.

Dimensional accuracy is particularly important when the
objects are to be used in more complex constructions
or when they are to be combined with each other.

Dimensional errors in the models can also be caused by
the temperature of the printing resin (which rises
from 23 to about 35 degrees from the start of the pro-
cess), which affects the flow of the polymer or the quali-
ty of the printer screen.

The quality of the screen affects the uniformity of the
transmitted light flux. Light intensity at different points
can vary by about 20%, so dimensional accuracy can
be affected by uneven light flux on the surface, espe-
cially if objects are placed in different places during
printing, rotated at different angles, or placed at too
small distances from each other. In order to obtain the
most accurate dimensions of the model after print-
ing, the factors mentioned above should be evaluated
and tried to eliminate them as much as possible.

Calibration figure "steps"

For the second type of calibration, a popular calibration
figure "steps" was chosen to see how the polymer sits on
average with respect to the X and Y axes. The height of
the step chosen for each model was 5 mm (Fig. 11). For
the first time, this part was printed 3 times without any
compensation (Table 3). After measuring all the shapes,
the averages were averaged and fed into a specially
designed dimensional compensation calculator. This
spreadsheet allows you to immediately see the percent-
age decrease or increase in the dimensions of a figure,
as well as the compensation in millimetres (Table 4).

The averages of the overall results were then fed into the
CHITUBOX software in the advanced settings section, as
shown in Fig 12. After combining the results obtained for
the dimensional compensation and growth of the part,
the part was printed 3 more times.

The dimensions of the printed figures were measured
and averaged again in the spreadsheet to check the
accuracy. As can be seen from the results obtained
(Fig. 1), the accuracy of the steps of the part in the
XY axis was higher than in the YX axis, indicating that
the polymer expanded more in the latter axis.

Using compensation, the resulting post-printed dimen-
sions were more accurate and more similar to the
modelled shape, as shown. However, the overall aver-
age compensation error for the YX-axis had a smaller
improvement in performance than for the XY-axis.

These results suggest that the compensation mechanism
could work better by specifying different percentages of
compensation for the axes. Performing this calibration
process with more shapes could lead to even more accu-
rate dimensions, especially for small parts. For the sake
of clarity, it should be mentioned that the uniformity

of the light flux and the position of the object on the
base could have had a small influence on the different
relaxation of the polymer in relation to the X and Y axes.
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(a) (b)
» Figure 11: Calibration detail "steps" in the CHITUBOX
software environment (a) and step measurement
diagram (b)

» Figure 12: Calibration part "steps" print settings
based on the overall average of results in the
CHITUBOX software

Table 3
Results of the dimensions of the calibration

component 'steps' for different axes

. Measured. mm Measured after
Nominal, ’ compensation, mm
mm
XY YX XY YX
5 4,94 4,97 4,94 5,00
10 9,99 10,02 9,98 10,02
15 15,01 15,05 15,02 15,03
20 20,02 20,06 20,00 20,03
25 25,03 25,04 25,00 25,00
30 30,02 30,03 29,99 29,05
Table 4

Overall average of results of the dimensions
of the calibration component 'steps'

Before compensation | After compensation

Results
XY YX XY YX

Scale, % 99,70 99,79 99,83 100,18

Compem- 0,026 0,004 0,02 -0,018
sation, mm

Avg. 99,74
scale, %

100,006

Avg. Com- 0,015 0,0012
pensation,
mm
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Mechanical measurements

In order to make an effective choice of material, it is
important to understand the basic mechanical properties
of the resin, how plastic the material is, and how much
load it will be able to bear. These properties are essential
as they reveal how the resin performs under different
conditions, help determine the durability of the material,
and the stiffness of the structural elements (Dizon et al.,
2018). Therefore, in this work, the tensile strength of the
selected acrylic resin TGM-7 was evaluated. The samples
for investigation were printed in different angles (Fig. 13).

» Figure 13: Samples models in different angles prepared
by 3D printing for mechnical measurements

The tensile properties of the samples are also influ-
enced by the additional exposure to UV light and

the orientation of the object at a certain angle. The
evaluation of these important properties will allow
better informed decisions to be made to ensure opti-
mum performance and durability of printed parts.

As can be seen from the graphs in Fig. 14, the sample
printed at a 90-degree angle (a) without additional UV
polymerization was able to withstand an average force
of 176.4 N. The study also showed that the additional
UV polymerisation gave the samples additional strength
and stability. From the second graph (b) we can see
that after additional polymerisation with a 405 nm light
source, the load capacity of the sample increased to

an average of 206 N, which is 14.6%, while some sam-
ples reached a maximum load of 220 N. The position
of the samples in the curing oven may have contrib-
uted to the wider scatter in the measured results.

The maximum stresses of the samples and their stresses
at failure were determined by investigating the effect of
tensile force on the samples. As can be seen from the
graph below (Figure 15), for all three samples, excepting
the sample printed at a 90° angle and exposed to UV



light, the maximum stress value at the necking thresh-
old was lower than at the necking rupture point. This
indicates that the material is quite plastic. The sample
printed at a 90-degrees and additionally polymerised
with UV light showed a higher load resistance. This
demonstrates that even a low level of UV polymerisation
can affect the mechanical properties of the samples.

(d)

» Figure 14: The dependence of the tensile force vs the
elongation of the samples (tensile speed of samples — 5
minutes, the distance between the holding grips — 25
mm: a) samples after printing without additional
polymerization at a 90° b) samples exposed to UV
light (at 405 nm), printed at a 90°; c) samples printed
at a 60° and exposed to UV; d) samples printed at a 0°
degree and exposed to UV light

In order to investigate the stability of the sample when
rotated by 60-degrees, it was found that the tensile
strength of the samples decreased to an average of 1774
N and was almost identical to that of the samples not
additionally cured by the UV light source.

The samples placed on the platform (at O degrees)
were even less resistant to tensile stress, with an
average tensile strength of 132 N. The average elon-
gation of the samples at the fracture limit was almost
directly proportional to the change in tensile force to
the next one, from 14,3 to 64,7 mm respectively.

» Figure 15: Stresses of the samples at maximum
and at break

Development of the advertising model

Considering the results of measurements before and
after calibration and the resistance measurements, an
advertising object was created and modeled. It was
important to take into account the purpose of the
future product and to consider its design, so that the
modeled and printed object was not only attractive,
but also functional. After the analysis and search for
creative solutions, it was decided to create a model
of a small robot that would demonstrate the tech-
nical possibilities of resin printing and at the same
time be useful to the consumer who purchased the
product. For that purpose, five variants of the robot
were modeled, one opf which is shown in Fig. 16.

» Figure 16: A 3D model of the advertising
and printed object

Furthermore, the print orientation, having a high
impact on mechanical properties, is discussed with a
particular regard on the residual stress mitigation in
future applications, such as 3D-printed cellular bodies.

Journal of Graphic Engineering and Design, Volume 16 (3), 2025.

37



To demonstrate the effect of calibration on the user,
the robot's arms, hands, legs, head, and backpack
were printed separately from the body, using dif-
ferent types of connectors and latches, but with
preadjustment of detail parts at the joints.

The robot's functionality is manifested through
the robot's hands and a modeled backpack. Its
hands are sized to fit a standard pencil or thin
pen with a diameter of about 7 millimeters. The
backpack is designed to be large enough to hold
up to 3 pencils or pens, or any other small items
such as paper clips, paper clips or stapler pins.

Conclusions and
recomendations

Conclusions

During this work, calibration objects were created in the
Autodesk Fusion 360 programme and applied to the
printing by rotating them at different angles of O, 45 and
90 for the Chitubox programme. The original Ameralabs
TGM-7 acrylic resin was used to 3D print the models.

After the test printing of objects of different shapes,
such defects as surface dripping, "blooming" defect,
surface irregularities due to the selection of improp-
erly selected supports, tearing of objects due to the
absence of vent holes in hollowed parts in the object
were observed. It was observed that filling the voids
completely with material results in better product
quality than trying to leave the voids unfilled with air
gaps. This can make the product heavier, but with a
small product it is worth sacrificing the amount of res-
in for the 3D printing for better final object quality.

After the initial visual quality assessment of the print-

ed figures, measurements were made, and changes in
shape were recorded. The real height of the cube-shaped
figures decreased by an average of 110 um. The width

of the lower part was larger than the upper part by an
average of 340 um. Based on the results, the height of
the objects was increased, and their width was reduced
accordingly in the modeled samples.

The difference in the dimensions may be caused by the
inaccuracies of the 3D printing equipment and material
shrinkage. Some of such inaccuracies can be overcome
by adjusting the printing parameters, orientation, and
adjusting the design of the model. When the sample
was rotated at 45 degrees, a slight expansion of the
lower planes was also observed, resulting in the external
dimensions of the model being adjusted accordingly.
Printing at this angle produced the most accurate dimen-
sions of objects.
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After measuring the diameter of the holes, it was
observed that the diameter of the holes when the
cube-sample is in the vertical position is about 380
pum smaller in the vertical than in the horizontal posi-
tion (a decrease of 110 um), and when the printed
cube is at an angle or when the hole is in the verti-
cal position, the lower part of the hole diameter is
obtained higher than the upper one due to polymer
deposition, shrinking and relaxation phenomena.

Measurements of step-shaped samples showed that
the overall coefficient of compensation parts can
serve to bring the dimensions of the product closer to
ideals. However, compensation for XY and YX planes
should be done separately to have even greater accu-
racy in small details. The position of the model on

the base and the evenness of the light flux hitting the
model can also affect the parameters of the object.

After performing mechanical measurements of
the sample's stretching, it was found that the
acrylic resin used for the work had plastic prop-
erties after printing, and the samples printed at
an angle of 90 degrees and polymerized with UV
light had a higher resistance to dynamic load.

In the course of this work, applying the results obtained
from the conducted research, an original advertising
robot model with certain functionality was mod-

eled, prepared for the 3D printing and printed.

Recommendations for 3D printing

Printing hollow objects without holes or with very small
holes (< 2 mm) is not recommended, because it is very
important to wash off the remaining resin to avoid
harm to health, and closed figures do not allow this.

Before 3D printing, dimensional accuracy calibration
should be performed and dimensional compensation
should be applied in the slicer. If the hole is in a horizon-
tal position, it is necessary to increase the diameter of
the hole, especially in relation to the horizontal plane.

Avoid printing figures flat and raised on sup-
ports, as this requires significantly more supports
than printing at an angle. Also, when printing at
an angle, the dimensions of the resulting figures
are more similar to the designed model.

When 3D printing samples are at an angle, it is import-
ant to place the proper supports so that the object
can be printed and the polymer does not deform.

Every now and then, before printing, it is nec-
essary to check the oil lubrication of the motor
axis, as insufficient oil will cause vibrations and
the object will be printed inaccurately.



If during printing there were figures that were not
printed completely, or broke off and fell into the VAT
(liquid container), it is recommended not to pour the
resin back into the container it is held in, as debris may
enter and spoil the remaining resin. It is recommended
to use the printer's container clean function to collect
loose debris, or use a funnel with a filter when pouring
the resin back into its container to keep any debris out.
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realization of silver tones in
electrophotographic printing

ABSTRACT

Except for standard CMYK colors in high-quality printed products, designers
often choose metallic silver tones. With this method, designers underline
important segments and parts of printed publications. Silver applications
today are mostly performed with expensive foil printing techniques or
lithographic offset printing. However, the development of new Xerox
electrophotographic machines has enabled the application of an additional
silver toner that achieves a metallic effect of silver tones. In this paper,
the possibility of successful realization of silver PANTONE 877C printed
with the conventional offset printing (HUBER printing ink series Alchemy)
and with silver Xerox emulsion aggregation (EA) toner was investigated.
The test used 170 g/m? gloss art printing paper printed on printing press
Heidelberg GTO ZP 52 (offset printing conditions) and Xerox Versant 180
(electrophotographic printing conditions). Due to the easier modification
of the electrophotographic press conditions (RIP Fiery FS 200), the
printing was performed with two screenings (AM and FM distribution of
printing elements in a halftone image). Due to the use of different silver
pigments, two colorimetric measurement methods (MO and M3 mode)
were also analyzed. Colorimetric analysis (CIE LAB measurements and
AE2000 color difference) showed that the silver halftones of Xerox EA

>5. However, the PANTONE
877C tone will be better reproduced in full tone (AE ..~ =4,2) while
the rasterization process will achieve higher average tone deviations. By
varying the Fiery RIP settings (FM-AM screening), a better imprint will
be obtained with FM screening (average difference AE =0,64).

FM_AM

toner also achieve large color changes AE

mean

KEY WORDS
printing silver-tone, MO and M3 measure mode, EA silver toner,
silver offset ink, CIE LAB AE2000.
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Introduction

Printed products to achieve added value, need to be
additionally printed with special inks and varnishes. By
current representation, the silver print is at the very top
option, which, together with gold and white inks, makes
up the majority of such effects.

Thus, silver ink use achieves highly reflective imprints
(metallic effect) which also has a high coverage (good

brightness on darker printing substrates) (Hanisch, 2021).

Traditional printing techniques for creating silver tones
are the application of metal foil (cold foil printing pro-
cess or hot stamping process) and the printing of silver
inks using the lithographic offset printing machines. The
foil printing techniques achieve an accurate and com-
pletely uniform layer of real metalized foil on the print,
with a final thickness of 1to 2 um.

Thus, a layer of top-quality aluminum (simu-
lates the effect of silver) due to its high reflection
creates a high metallic luster (L. Co, 2011).
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In offset printing, the silver inks will have to be adapt-
ed to the inking and damping unit of a printing press.
Thus, pasty lithographic offset inks will have pre-
cisely adjusted ink tack and viscosity (40-100 Pa-s)

to achieve ink film thickness in a range between 0.5
and 1.5 um. Although such a silver print is acceptable,
it is also characterized by its unevenness (especial-

ly on larger printing surfaces) where the effect of
reflection is reduced due to the use of small pig-
ment particles (Kipphan, 2001; Majnari¢, 2004).

An alternative to lithographic printing is Inkjet digital
printing techniques and electrophotography (EP). Thus,
in the Inkjet technique, we can be found machines
with standard CMYK inks and additional white or sil-
ver inks. Thus, ROLAND DGA company in your Inkjet
machines integrate fifth channels (5. Inkjet solvent

ink) which has the possibility of applying silver ink

with metalized pigment particles (L. Co., 2010).

In the electrophotography printing technique, the sil-
ver print effect is developed by Xerox company. It is
possible with the construction of the Xerox® Iridesse
machine, which along with standard CMYK toners, it is
possible to use additional toners such as White, Clear,
Silver, Gold, and Fluorescent Inks. Silver electrophoto-
graphic tones (jobs) can thus be achieved within a few
minutes without any waste of pape (L. Co., 2021b).

Theoretical part

Silver inks for offset printing

When we define offset inks, it is important to note that
these are inks must have an exactly dynamic viscosity
(n). Therefore, depending on the method of prepa-
ration of silver and gold offset metallic inks can be
distinguished in two forms: one-component inks and
two-component inks. In highly productive lithographic
offset, one-component inks are generally preferred.
They are created by factory mixing: 50% paste (which
contains aluminum laminar pigment in a concentration
of 90%), 40% one-component varnish (hydrocarbon
resin, soy dehydrated oil, aromatic distillate with a low
sulfur content), 7,5% polyethylene wax, 2% manganese
dryer, and 0.5% antioxidant. Since the gloss effect
decreases over time, such inks need to be kept in the
original (vacuumed) packaging. The inks must contain
resinous binders based on organic hydrocarbons that
will achieve the desired viscosity and maintain pH neu-
trality. Metallic one-component inks must contain dryers
(cobalt or manganese salts). Their addition achieves
better drying of the print, especially on paper and card-
board printing substrates. Due to the drying of silver
offset printing inks, the pH of the damping solution must
not be less than 5.5.
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In the preparation of the offset printing machine,
it is recommended to use buffers that are pH
neutral (Hubergroup print solutions, 2020).

In the case of two-component metallic inks, the silver
laminar pigments are supplied in the form of a pre-treat-
ed paste that is bonded to the binder before the printing
process. The pigmented paste is mixed with the binder
(carrier component) taking care not to increase ink
temperature and change the viscosity (mixing in mixers
device maximum of 2-3 minutes to a temperature of
60° C). (Gavran et al., 2015). This avoids the problem

of darkening metallic pigments, which allows a higher
gloss effect. Although the proportion of pigments in

the ink does not change, the main change compared to
one-component inks was made in mass share.

Thus, it will contain 50% paste (which contains alu-
minum pigment laminar in a concentration of 90%),
39.3% two-component varnish (soluble resin in modi-
fied phenyl resin, low-viscosity linseed oil, an aromatic
distillate with a low sulfur content), 7,5% polyethylene
wax, 1,5% manganese dryer, 1% cobalt dryer and 0,7%
antioxidants. Thus, a higher content of pigment paste
will give a higher metallic luster effect with lower abra-
sion resistance. Binders in metallic inks (a mixture of
resins and oils) are crucial for bonding pigments to the
printing substrate and maintaining rheological proper-
ties (especially in inks with an extremely high content of
metal pigment particles). Rheological stability and pre-
vention of darkening are especially analyzed during the
interaction of pigments and binders (Walenski, 1999).

The main characteristic of silver metallic offset print-
ing inks is that they have pigments with a pronounced
metallic luster (reflection from the printed surface). Due
to their price, silver-tone shades do not contain expen-
sive silver (original elements), but cheaper aluminum
and aluminum alloys are added to them as metals for
imitation silver. The color tone base is thus made up of
pigment particles which are adapted in shape to a lam-
inar sequence (extremely flat particles). Flat aluminum
metal particles thus have an average dimensional width
ranging from 5 pm to 50 um, while their height varies
from 100 nm to 1 um. However, in extreme cases, such
particles can have up to 10 times larger dimensions. The
ratio of thickness and diameter is also known as the
shape factor, and it usually ranges in metallic colors in

a ratio of 1:50 to 1: 500. The reflection from the printed
pigment particles on the paper depends on the detail
and morphology of the aluminum pigments. In other
words, it depends on surface roughness, particle width
and particle length, particle size distribution, and orien-
tation of pigments in the application medium (binders).
Important factors include parameters such as the type
of aluminum (pure metal or alloys), the method of pro-
duction, the final treatment of pigment particles, and
the viscosity of the binder used.



The aluminum used on the ink market can be found in
the version: Cl Pigment Metal 1, Cl No. 77000, and CAS
NO. 7429-90-5. In addition to the plate structure, it is
characterized by non-resistance in acidic and alkaline
media. In other words, exposure to hydrogen ions H*
and the hydroxyl group OH" will result in surface deg-
radation and darkening of the imprints. Therefore, it

is often found in combination with inert hydrocarbon
solvents. The less flat (laminar) structure can be used
in the production of all classic types of pasty printing
inks, and thus realize the possibility of printing on dif-
ferent printing substrates. Appropriate hardeners must
also be added. (Wissling, 2007; Becker et al., 2018).

Due to the characteristic reflection and absorption of
aluminum pigments, we achieve a typical silvery metal-
lic luster. The reason for this is the release of bound
electrons from aluminum atoms. Such electrons from
one ionizing gas which is distributed within the remain-
ing ions and fixed at exact positions within the crystal
grid. Due to the interaction with electrons, the external
energy (wave of white light) will penetrate the ionizing
gas, and thus achieve partial light reflection and partial
absorption. Changes in the density of ionizing gases on
the aluminum surface will result in a specific disper-
sion of light in the visible range. Parameters such as
refractive indices n, absorption nk, reflections r (n, k),
and melting temperature Tm has an important role. In
the case of aluminum pigments for printing inks, they
are reflection 0.888; refractive index 0,280; absorption
2,91; melting point 1,336 °C (Klain, 2010). Except for
the metallic pigments (make up uncoated metal shells),
particles of crushed PVD (Physical Vapor Deposition)
films can also be found in printing inks and substrates.
Such particles are coated with absorption pigments and
particles of pigments that are partially or completely
oxidized (oxide coating). It is a process used to produce
a metal vapor that can be deposited on electrically
conductive materials as a thin, highly adhered pure
metal or alloy coating. The process is carried out in a
vacuum chamber at high vacuum (10-6 torr) using a
cathodic arc source after which the foils are crushed

at a temperature below the transition temperature to
the glassy phase of the polymeric material. The most
commonly used polymers are polyethylene terephthal-
ate, polystyrene, and polypropylene The PVD method
is now most commonly used to achieve particles with
particularly uniform surfaces (Carneiro et al., 2011).

Silver toners for
electrophotographic printing

A complete novelty in the printing industry is the gen-
eration of metallic tones in the electrophotography (EP)
printing technique. During the electrophotographic
printing process, each print is made in 6 independent
phases: the creation of a layer of charged air (ions)

on the surface of the photoreceptor by the action

of the corona (phase 1), selective illumination of the
photoreceptor to neutralize the previously charged
surface of the photoreceptor (phase 2), applying col-
ored and electrostatically charged toner particles to
the photoreceptor (phase 3), transferring the toner
powder particles to paper due to the action of the
transfer corona (phase 4), fix the toner particles by
heating and pressing on paper (phase 5) and final
cleaning and preparation of the photoreceptor surface
for new printing circle (phase 6) (Majnari¢, 2015).

To achieve a silver color tone with an expressed shine,
in the EP with the possibility of using fast xerographic
machines with a new type of toner emulsion aggrega-
tion toner. Unlike a standard toner, it will contain: less
than 90% polyester resin, 10-20% ceramic powder,
10-20%, aluminum (CAS 7429-90-5), less than 10% wax-
es (CAS 8002-74-2), less than 10% amorphous silicon
(CAS 7631-86-9), and less than 1% titanium dioxide (CAS
13463-67-7). Thus, the final particles of aluminum pig-
ments in the toner must be coated with silicon dioxide
or acrylate. The development of such a toner (Figure
1a) was achieved progressively where the problem

of the size of the metal laminar pigments (pulveriza-
tion method of production) was solved by making an
emulsion aggregation toner. (Kmiecik-Lowrynowicz,
2003; Diamond, 2001). Thus, with the new silver EA
toner, the laminar pigment will be coated with a sin-
gle fast-melting polyester resin and wax (resin) thus
forming a specific oval ellipsoidal shape (Figure 1b). The
result is a directed impingement of toner particles on
the printing substrate (Figure 1c) which will melt after
fusion and form a final imprint of a shell structure with
a more visible gloss (Figure 1d). Figure 1is a schemat-

ic representation of the structure of silver toner and

its bonding to the printing substrate (L. Co., 2020).

» Figure 1: Structure of Xerox silver toner: a) pulverized
type of silver toner; b) emulsion aggregation silver
toner; b) silver toner on the printing substrate, d) final
silver print (Fujifilm, n.d.)

Experimental part

The main goal of this paper is to test the variable silver
toner cartridge created for the Xerox Versant 180 Press
printing machine.
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This means that now generation xerographic print-
ing machines can use standard CMYK toner set,
fluorescent CMY toner set, and special toners set
which include gold toner, silver toner, white ton-
er, and clear (varnish toner) (L. Co., 2021a).

The realization of the test began with the definition of a
special printing form dimension 320 x 450 mm. The silver
print patch was created with the vector graphics program
Adobe Creative Suite Illustrator 2021. In the procedure
for the Xerox Versant 180 Press (to recognize the printing
form with silver tones) each printing element had to be
defined as a spot color called SSilver (PMS PANTONE
877C). The finally printing form contained a halftone
wedge from 0 to 100% TV with a step of 5% TV (multi-
plied by 3 times and positioned in a different position).
The used printing machine is connected to an external
RIP Fiery FS 200 with which the screen type is varied, ie
linear amplitude modulated screening (AM 300 Ipi) and
frequency-modulated screening (FM 25 um). The printing
was done on matte-coated fine art paper, Maxi Gloss 170
g/m2. (L. Co., 2021a).

To determine the condition of the electrophotographic
printing unit, SCTV reproduction curves were construct-
ed. With SCTV reproduction curves is possible to perform
compensation curves (adjust the tone values to the
desired curve of the silver lithographic offset print).

For comparison of the achieved effects, the conventional
lithographic offset printing was applied (two-color Hei-
delberg GTOZP 52 printing press). For identical design, a
printing plate was created with a Kodak Lotem 400 ther-
mal CTP device.

» Figure 2: Schematic diagram of the performed experiment
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In the second experiment, an identical printing substrate
was used, and a one-component silver offset ink PAN-
TONE 877C was manufactured by germany producer
Huber group (series Alchemy). From a printed pile were
a choice of 10 imprints, on which a detailed colorimetric
and microscopic analysis was performed. For colorimetric
analysis, an X-rite eXact spectrophotometer was used to
measure the characteristic silver halftone patch (10%,
20%, 40%, 70% TV) and solid silver tone (100% TV) (Gun-
dlach, 2020). When determining the accurate reproduc-
tion curve (SCTV compensation curve), the measurement
was performed without activating the polarizing filter
(standard MO measuring mode). However, during colo-
rimetric measurements, a polarizing filter was activated,
which eliminated the reflection from the printed silver
surface (Habekost & Andino, 2016; Mannig &Verderber,
2002). A CIE 3D LAB diagram was constructed from the
obtained CIE LAB data, and the differences between

light (AL), color (AE), and chroma (AC) were determined.
All data is graphically displayed using the Origin 8.5
application. Dino-Lite pro microscope AM413T was used
for the visual evaluation of prints. For visual analysis of
silver prints elements, we used enlarged images with a
magnification of 160 times. Figure 3 shows a schematic
diagram of executed experiment (Kipphan, 2001).

Results and discussion

For the creation of silver printing tones, two printing
technologies were used: conventional lithographic offset
and electrophotography with powder toner. To deter-
mine the initial surface coverage (realized with silver
dot elements), preliminary densitometric methods were



used to determination of the tone values (SCTV curve) The SCTV offset reproduction curve follows the ideal

and comparison from the linear curve was performed. linear curve up to a surface coverage of 20% TV. After
that, a higher dot gain was registered in all measured

The densitometric settings used during the measurement ~ middle and dark tonal areas (exceeding the allowed tol-

(eXact spectrophotometer and densitometer) were: filter erance limits + 4% of SCTV). Xerox AM silver prints have a

E, light source D50, standard observer 2°, measuring characteristic curve that is accurately reproduced in the
mode MO. Suggestion for the correction of all tested sil- central tonal range (40-50% of SCTV). Low tonal areas
ver prints and compensation curves is shown in figure 3. have a pronounced dot gain that follows the upper limit

of standard tolerance. However, this does not apply to
higher tonal areas (70-90% of SCTV). In this segment are
reproduced with excessive dot gain. Particularly prob-
lematic is the patch of 95% of SCTV that has a negative
dot gain and it is necessary to co-correct it. Changing
the xerox silver imprint to an FM screening will have the
desired effect of achieving an unwanted dot gain.

Thus, the stable part of the reproduction curve

will be lost unchanged and will follow the upper

tolerance limit (30-60% of SCTV). Low and high

coverage of fine dot screen elements will achieve

too high dot gain (20%, 30%, 70%, and 80% of

SCTV), while the darkest silver screen area (90
(a) and 95% SCTV) will have negative dot gain.

A much more important characteristic of silver prints
is the colorimetric value of halftones. An important
parameter that affects the realization of silver color
images is also a method of screening. For colorimetric
analysis of silver toner, two types of screening were
used. To eliminate shine from the printed metallic
surface, measurement with a polarizing filter (M3
measurement method) is recommended. However, as
xerox prints contain very small particles of aluminum
pigment, a measurement without the use of a polar-
izer was also tested (measurement with method MO)
(Habekost & Andino, 2016; Mannig & Verderber, 2002).
In figure 4. are shown color deviations amplitude mod-

(b) ulated (AM) and frequency-modulated (FM) screening
in relation to the reference lithographic offset print.

Significant differences in colorimetric measurements
were observed from the CIE LAB 3D curves (Figures 4a
and 4b). With the activation of the polarizing filter, lon-
ger curves along the z-axis (brightness) are achieved.
This is especially confirmed by silver tones with higher
surface coverage (70% TV and solid tone) where the M3
measurement method better describes the achieved
color difference. Chroma of the prints did not experi-
ence major changes and the chroma deviation between
xerox- offset patch is within the allowed validation tol-
erances AC <2,5. With the MO measuring mode, light
silver tones are somewhat saturated, while activation
the polarizer (M3 metering mode) will reduce saturation.
After printing in lithographic offset and electropho-
tography, a slight change in the value of the paper was
» Figure 3: Realized SCTV curves of reproduction of silver detected. The reason for this change is the technological
prints: a) Heidelberg GTO, b) Xerox Versant 180 AM process of printing in which the dumping solution is
screening; c) Xerox Versant 180 FM screening absorbed into the printing medium (lithographic off-

(c)
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set), while in electrophotography the print is exposed
to high heat fuse rollers and required application of ICC
profile (color management). With the activation of the
polarizing filter (M3 measurement mode) the AE2000
color changes of the raster fields of the offset and
xerography prints will decrease drastically (Figure 4c).

(c)

» Figure 4: Color differences of offset prints and EA silver
prints after screening modulation; a) 3D LAB print cur-
vemeasured with MO, b 3D LAB print curvemeasured
with M3, c) color change AE2000.
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Thus, for xerox prints from the FM screening, the
average difference AE, . - =1.4 will be achieved;
while the application of AM screening will achieve
an average difference of AE,, , ~=1.8. The excep-
tion is full tones. They will disblay lower color devi-
ations with MO measurement mode (AE,, o1, =
3.8; DEAM100% TV = 4.5). Experiments show that
slightly better prints will be achieved by AM screening
(mean DE,, .,, = 0.64). There was a trend of decreas-
ing color chénges of silver screening fields due to

the increase in the surface coverage of the print.

Realized color differences exceed the maximum of
AE > 6, and the realized imprints do not match the
boundaries of the potential contract proof and val-
idation proof (Kraushaar, 2022). Because of that EP
silver tones must be corrected. The reason for this

is the need to use a dampening solution (emulsifica-
tion of the silver ink is performed) which reduces the
rheological properties of the offset ink and the silver
solid tone of the imprint (Kirchner et al., 2007).

Raster imaging processor (screening device) also affects
the achieved results (Figure 5). By image of print sam-
ple (enlarging and visually comparing the segment of
dimension 2,10 x 1,60 mm), a large difference in the
structure of the generated print elements within the
silver prints was noticed. Thus, the conventional ampli-
tude raster for offset printing is regular with visible
round dot elements (average diameter (d) and circu-
larity (c) of the printed dot in the range of 40% TV is
d=195 um and ¢=0,97.) This regularity continues in all
silver tonal areas (patch) only increased the diameter
of the dot elements. Used Fiery amplitude raster has a
characteristic linear shape of the print element and is
visually noticeable (reproduced) up to 60% of the TV.
After that (darker silver tones) are realized as one fre-
guency-modulated screening with different surface cov-
erage in which the structure of the linear print element
is lost. Thus, the dark silver tone areas of the AM Fiery
raster look identical to the applied FM Fiery raster (small
raster elements are the same size but with a different
stochastic distribution). This fact confirmed the reason
for the small color deviations in the Xerox silver imprints
and the impossibility of achieving major color changes
by applying different raster settings in the Fiery RIP.

Conclusion

When the machine operator measures a print with
a larger number of silver tones (screened patch),

it is necessary to activate the polarizing filter (M3
measuring mode) to reduce the color oscillation
caused by excessive light reflection. The M3 mea-
surement method has proven to be more suitable
for measuring silver prints and allows precise com-
parison and creation of silver reproduction curves.



» Figure 5: Images of segment silver imprints enlarged 160 times (after experimental printing)
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The initial setup of machines does not give satisfac-
tory values and needs to be corrected. In lithographic
offset, it is in the middle tonal areas while in elec-
trophotography with powder toner in the low and
high tonal areas. A particularly large correction needs
to be made in the 95% TV area. In this case, the EA
toner supply should be significantly increased.

In performed testing, the silver tones achieved in dig-
ital electrophotographic and offset printing technics
have a significant difference. Silver tones generated
in the solid patch (PANTONE 877C) will achieve a
large color change of AEOF_Xerox = 4,2 (mode MO)
AEOF_Xerox = 5,5 (mode M3). All xerox prints will
look darker and with a noticed lower brightness.

Habekost, M. & Andino, A. (2016) Metallic Ink Mea-
surement Using the M3 Mode. In: 68th Tech-
nical Association of the Graphic Arts Annual
Technical Conference, 2016 TAGA, 20-23 March
2016, Memphis, Tennessee. Chicago, Technical
Association of the Graphic Arts. pp. 62-75.

Hanisch, M. (2021) What makes a cold transfer
in sheetfed offset so successful, sustainable,
and future-proof. [Lecture] Conference pre-
sentation on Virtual Drupa, 22nd April.

Hubergroup print solutions. (2020) Technical Infor-
mation - Alchemy Silver for offset printing.
Available from:

[Accessed: 15th February 2025].

Screening process (formation of a halftone silver image)

will achieve additional and much higher color oscillations
between offset and xerographic prints (AEFM_average =
5,70; AEAM_average = 5,05). By the variation of the Fairy
RIP settings (AM and FM screening), a slight color devia-

tion of the Xerox silver was achieved (AEFM_AM = 0,65).
Slightly better results (closer silver-tone to offset) will be

Kipphan, H. (2001) Handbook of print media: technolo-
gies and production methods. Heidelberg, Springer.
Kirchner, E., van den Kieboom, G., Njo, L., Super,
R. & Gottenbos, R. (2007) Observation of visual
texture of metallic and pearlescent materials.
Color Research & Application. 32 (4), 256-266.
Available from: doi:

achieved by using the AM Fiery screening procedure.
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