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Abstract of Master’s Thesis of Academic Year 2025

Fostering Science Engagement and Understanding among

Non-scientific Audiences through Communication Strategies
in Art-Based Workshops

Category: Design

Summary

This research explores how art-based workshops can be designed as effective sci-
ence communication tools to engage non-scientific audiences. In response to grow-
ing concerns over public disengagement with science—especially among younger
generations—this study investigates the integration of creative practices and com-
munication strategies to foster interest, understanding, and emotional connection.
Drawing on experiential learning theory, encoding—decoding models, and informal
science learning frameworks, four workshops were developed and implemented in
collaboration with community partners. Each session incorporated hands-on art
activities designed to convey scientific concepts through accessible and engaging
formats.

Through a combination of participant questionnaires, observation, and commu-
nication strategy analysis, the findings reveal that such workshops can reduce
cognitive barriers, enhance clarity, and encourage cross-generational engagement.
Specific design elements, such as relatable analogies, interactive demonstrations,
and collaborative installations, proved particularly effective in sparking curiosity
and deepening understanding. This research contributes to the growing field of sci-
ence communication by demonstrating the value of interdisciplinary, participatory

approaches that connect science with everyday creativity and lived experience.
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Chapter 1
Introduction

1.1. Research Context

While many urban Asian societies still maintain their influence in finance and busi-
ness, the development of science and technology-related industries is facing a stag-
nant status. Hong Kong, used to be known as the “Asian Four Tigers” illustrates
this issue. According to the HKTDC 2023 Hong Kong Economic Report, the ma-
jor sectors are retail and finance, with information technology services accounting
for only 5.3% [1]. The economy’s dominance by certain industries leads investors
to favor established sectors over high-tech ventures [2]. Although this approach
has provided significant benefits in economic prosperity, this imbalance threatens
to hinder future growth and innovation, especially in the young generation.
Recent data shows a consistent decrease in the number of students enrolling in sci-
ence, technology, and innovation-related university programs across East Asia [3].
This decline raises important questions about what is preventing the younger gen-
eration from entering science-related fields—questions that must be addressed in
order to ensure the development of the industry in the future.

Two major factors are driving this trend: strong parental influence and low en-

gagement with science among youth.

1.1.1 Parental Influence

In most Asian countries, students heavily rely on family advice for major educa-
tional and career decisions. As Leung et al. [4] found, in collectivist cultures like
China, values such as filial piety and submission to authority strengthen parental
influence, often leading students to choose careers based on family expectations.

Meanwhile, as Chen et al. [5] note, parents often encourage children to pursue
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careers deemed honorable, such as public service, in order to secure economic and
social advancement for the family, which leads to a lack of emphasis on science
learning.

However, this generational influence is becoming less aligned with current eco-
nomic trends. For example, many Gen Z individuals now gravitate toward emerg-
ing fields that didn’t exist when their parents were making career decisions. This

gap in generational understanding creates tension and missed opportunities.

1.1.2 Low Interests

Second, given the societal emphasis on industries that require less scientific knowl-
edge, East Asian students often exhibit below-average attitudes toward science.
As Wan and Lee [6]observed in Hong Kong, youth showed only a moderate interest
in science—especially in activities outside of class and in choosing science-related
jobs. This is closely related to the exam-driven education system, where aca-
demic success under parental expectations is prioritized over cultivating personal
interest. Consequently, they tend to pursue degrees from reputable universities
in non- science fields to secure socially prestigious jobs [7], which causes a loss in

professional high-tech human resources.

1.2. Opportunity

As society undergoes rapid digital transformation, the demand for professionals
equipped with scientific literacy and technical skills is rising. Innovations in Al,
biotechnology, and climate tech are reshaping nearly every industry, from manu-
facturing to public health. However, there is a significant gap between the indus-
try’s demand and the younger generation’s attention in these fields [8].The global
shift in STEM education patterns and declining international student mobility
has created significant challenges for universities worldwide, with international
science and engineering student enrollment in the United States alone declining
by approximately 20% (80,000 students) from 2019 to 2020 [9]. Without attract-
ing and nurturing talent in science and technology, the potential for growth and

development in this critical sector remains limited.
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The two major factors discussed above—parental influence and lack of engage-
ment—are not fixed conditions; they are shaped by cultural norms and societal

conditions that evolve over time.

1.2.1 Generational Shift

Many East Asian parents still believe that choosing an educational and career path
in traditional industries will ensure their children a better quality of life with a
higher salary. However, there is a disconnect between the perspectives of parents
shaped by past experiences and the current job market [10]. Research suggests
that the science and technology industry salary has grown significantly, reflecting
the growing demand for skilled professionals in these fields [11]. Despite this
upward trend, many parents remain unaware of the evolving opportunities and
continue to push their children toward traditional careers. This gap in awareness
contributes to the low participation of youth in high-tech industries and keeps old

career ideas that no longer match the current market.

1.2.2 Interest-Driven Choices

Further, today’s youth are increasingly prioritizing personal interests when choos-
ing their professional paths. This shift is especially happening in digital societies,
where social media strongly impacts their perceptions. Report highlights young
people’s career aspirations are shaped less by traditional prestige and more by per-
sonal passion and media influence, with platforms like social media, TV shows,
and online influencers playing a key role in how they imagine ”ideal jobs” [12].

As a result, personal interest has become an increasingly important factor in
shaping students’ educational choices. Studies suggest that intrinsic interest in a
subject not only improves academic performance but also increases the likelihood
of pursuing related professions [13].Unfortunately, in many East Asian societies,
such interest is rarely encouraged due to rigid academic structures. As Byun et
al. [14]point out, South Korea’s exam-oriented education system places academic
achievement, measured primarily through standardized tests, as the sole criterion

for success, leaving little room for the development of students’ personal interests.



1. Introduction 1.3. Rethinking Communication Strategies in Science Education

1.3. Rethinking Communication Strategies in Sci-

ence Education

To bridge these gaps, science education must evolve beyond traditional methods
and speak directly to the interests and values of young people. Communication
strategies need to highlight the relevance of science to everyday life, showcase
diverse career pathways. This includes creating participatory experiences that
resonate with the realities and aspirations of today’s learners. Without such
strategies, the disconnect between talent and opportunity in science and technol-

ogy will only widen.

1.4. Research Target

This research focuses on a specific target audience: individuals without a back-
ground in science, with the aim of shifting their perception of the field. Within this
group, particular emphasis is placed on younger generations—specifically Gen 7
and Gen Alpha. As future decision-makers, educators, and parents, their attitudes
toward science will significantly influence in the future. By initiating interest and
positive engagement with science at an early stage, we can foster a more informed,

curious, and innovation-driven society.

1.5. Research Goal

To ultimately increase participation in the science and technology sector, people
must first recognize the value and relevance of the industry. But before this shift
in perception can occur, they need to develop a sense of interest, engagement, and
connection with the field. These elements form the foundation for any meaningful
change in attitude or behavior. Therefore, this research focuses on the initial and
essential step: raising awareness, fostering engagement, and sparking interest in
science and technology through more inclusive, accessible, and engaging forms of
communication. It aims to serve as an entry point in that process by designing
strategies that spark initial curiosity as the groundwork for future growth and

wider involvement in the industry.
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1.6. Research Overview

This study explores how art-based workshops can enhance awareness, engagement,
and interest in science among individuals without a formal science background.
Grounded in experiential and constructivist learning theories, the research inves-
tigates how scientific concepts can be effectively communicated through creative,
hands-on activities in informal settings such as galleries and public workshops.
The project adopts a design-led, iterative approach, emphasizing context-sensitive
methods and participant-centered communication strategies. Through a series of
real-world workshops involving diverse audiences, including parent—child partici-
pants, this study examines how encoding scientific ideas into visual and interactive
formats can foster more inclusive and emotionally resonant learning experiences.
The findings aim to contribute to both science communication practices and in-

terdisciplinary education design.

1.7. Research Question

Based on the challenges and opportunities outlined above, this study seeks to
answer the following research questions to better understand how art-based com-
munication strategies can support science engagement among non-scientific audi-

ences:

e RQ1: How can art-based workshops be designed to enhance science engage-

ment among non-scientific audiences?

e RQ2: How can science communication strategies, particularly encoding
techniques, be tailored within art-based workshops to support clearer un-

derstanding and reduce communicative “noise”?

e RQ3: How do art-based activities influence participants’ ability to become

more aware of, engaged with, and interested in science topics?



Chapter 2
Literature Review

2.1. The Challenge of Science Engagement in Pub-
lic Settings

In recent decades, science communication has evolved far beyond academic pub-
lishing, extending into exhibitions, media, and community engagement initiatives,
reflecting a global shift toward more participatory and socially embedded prac-
tices [15]. Yet despite this growing visibility, science remains widely perceived by
the public as difficult, disconnected, or inaccessible. Many individuals—especially
those without formal scientific training—report feeling intimidated by scientific
content or uncertain about their ability to understand it [16]. These perceptions
pose a critical barrier to broader science engagement, particularly in public set-
tings where diverse participants bring varied expectations, prior knowledge, and
emotional associations with science.

Two recurring challenges in public perception are deep-rooted stereotypes about
what science is and who it is for, and the frustration or anxiety many people
experience when engaging with scientific topics. These challenges often discour-
age curiosity and participation, especially among young audiences, or those with
negative experiences in school science environments. The following subsections

explore these two barriers in more detail.

2.1.1 Stereotype

Public perceptions of science are strongly shaped by enduring stereotypes that
have been reinforced over generations through cultural narratives, media por-
trayals, and limited firsthand experience. These stereotypes often present sci-

entists as intellectually brilliant but socially awkward, emotionally detached, or
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morally ambiguous individuals. As Tintori [17] notes, such images portray sci-
entists as “clever, bright, reserved, socially clumsy people, devoted only to their
work” —figures who are fundamentally “different” from ordinary citizens. While
these portrayals may seem kind, they contribute to a rigid and biased mental
model that distances science from everyday life and discourages engagement.
Stereotypes simplify complex realities to make them cognitively manageable, but
in doing so, they often distort. Based on Social Identity Theory [18], stereotypes
help define in-groups and out-groups, which can result in exaggerated perceptions
of difference, such as those often seen between scientists and the general public.
This leads to the perception that scientists belong to an elite, isolated world, an

"ivory tower” inhabited by intellectuals.

Gender

One of the most persistent stereotypes is that science is a male-dominated field,
rooted in centuries of gender bias. Tintori [17] emphasizes that from childhood,
individuals absorb messages that depict science as inherently masculine and in-
compatible with traditional female roles. Media portrayals often reflect this im-
balance, female scientists—if present at all-—are shown as minor characters or
unrealistic versions of male scientists. As Steinke [19] notes, popular media often
portrays female scientists as exceptions to the norm, frequently emphasizing their
physical appearance, emotional conflicts, or relational roles over their scientific
competence, reinforcing traditional gender stereotypes and limiting diverse rep-
resentations. Research has shown that media images can significantly shape the
perceptions of women [20], where this perception can possibly influence women’s
career choices because of the public assumptions about who can ’do science’.

However, in recent years, public figures and popular media have begun to chal-
lenge outdated gender stereotypes in science. Role models such as Nobel laureate
Dr. Jennifer Doudna, co-recipient of the Nobel Prize in Chemistry for CRISPR
gene-editing technology, have gained widespread recognition for their scientific

achievements!, helping to normalize the presence of women in high-profile STEM

1 The Nobel Prize, “Jennifer A. Doudna — Biographical,” https://www.nobelprize.org/
prizes/chemistry/2020/doudna/biographical/. Accessed June 18, 2025.
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roles. These shifts indicate progress in public perception, but continued efforts
are needed to further broaden and normalize diverse representations in science

and technology.

Media

In addition to gender bias, the portrayal of scientists as 'mad geniuses’ or even
morally irresponsible figures - originating from cultural references such as Franken-
stein - adds another layer of suspicion. Research shows that television portrayals
frequently present scientists as 'geniuses, villains, or eccentric figures’, contribut-
ing to distorted public perceptions of science and scientists. [21] As a result, many
members of the public—especially those outside the STEM pipeline—struggle to
see themselves related to science or to view scientific knowledge as personally

meaningful.

2.1.2 Frustration

In addition to persistent stereotypes, individuals who perceive themselves as ex-
cluded from scientific communities often experience frustration when engaging
with science. This frustration is frequently rooted in how science is communicated
and taught. Intemann [22] argues that the use of technical jargon can undermine
key goals of science communication—namely, fostering understanding, accessibil-
ity, and engagement. Similarly, Vedder-Weiss and Fortus [23] found that science
learning environments that prioritize control, performance, and rote knowledge
over autonomy and curiosity contribute to student disengagement. When learn-
ers feel pressured or incapable, their emotional connection to science weakens,
reinforcing the perception that science is inaccessible. These limitations in formal
science education highlight the need for alternative learning environments that

can reframe science as approachable, relevant, and emotionally engaging.
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2.2. Creative Approach in Science Education

2.2.1 Informal Science Learning

Given the persistence of stereotypes and the frustration many people experience
with formal science education, informal science learning (ISL) environments have
emerged as important alternatives for engaging the public. Hofstein and Rosen-
feld [24] describe informal science learning refers to learning experiences that occur
outside formal school settings, such as in museums, zoos, media, and community
programs. These experiences are typically voluntary, unstructured, and not tied
to a formal curriculum. They further discussed informal learning as “not devel-
oped primarily for school use” and “characterized by voluntary as opposed to
mandatory participation.” However, they also acknowledge a “hybrid approach,”
where informal learning can supplement or even occur within formal settings, as
long as it retains its out-of-school learning design and learner-centered qualities.
A key distinction between informal and formal science learning lies in their struc-
ture and intent. Informal learning is often learner-led, open-ended, and social,
while formal learning is teacher-directed, sequenced, and assessed. This distinc-
tion is important for designing science activities that prioritize engagement and
curiosity over prescribed outcomes [24].

As McCallie et al. [25] emphasize, ISL environments foster more interactive, di-
alogic forms of engagement, encouraging mutual learning between scientists and
the public. Anderson and Lucas [26] highlight that informal settings often foster
stronger emotional engagement and motivation, particularly through hands-on
and social experiences. Rather than replacing formal education, ISL serves as
a valuable complement, offering accessible pathways into science that are more
inclusive and meaningful.

Emerging technologies such as augmented reality (AR) are further transforming
informal science learning environments. For example, at Miraikan, the National
Museum of Emerging Science and Innovation in Tokyo, visitors engage with ex-

hibits like Geo-Prism, which overlays live video from the iconic Geo-Cosmos globe
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with layered AR data?. This allows users to visualize not only the Earth’s sur-
face but also surrounding environmental data in real time, deepening their un-
derstanding through an interactive, sensorimotor experience. These innovations
demonstrate how technology can enhance curiosity-driven learning and offer more

personalized, engaging pathways into science.

2.2.2 STEAM Education

STEAM education—an expanded form of STEM that includes the arts—has
gained global attention as a trans-disciplinary model designed to cultivate cre-
ativity, critical thinking, and real-world problem-solving [27]. By incorporating
artistic and humanistic perspectives, STEAM supports experiential, inquiry-based
learning that prepares students for future challenges while promoting innovation,
collaboration, and ethical awareness [28]. Compared to traditional STEM educa-
tion, STEAM fosters deeper engagement, improved content retention, and greater
emotional involvement by integrating the arts into the learning process [29]. Fur-
thermore, it not only broadens access to science but also supports different modes
of thinking. As Land [30] explains, the arts foster both divergent thinking, which
encourages creativity and exploration, and convergent thinking, which focuses on
problem-solving and synthesis. These cognitive processes are essential for innova-

tion and allow learners to approach scientific content from multiple angles.

2.2.3 Citizen Science

Citizen science refers to the active involvement of the public in scientific re-
search—often through data collection, observation, or analysis—in fields rang-
ing from ecology to astronomy. The practice has expanded significantly through
the use of digital tools, allowing large-scale data collection and enhancing public
involvement in scientific inquiry [31]. Projects such as eBird, Zooniverse, and
COASST demonstrate how non-scientists can meaningfully contribute to research

on biodiversity, climate change, and conservation. Beyond its scientific contribu-

2 Miraikan, “Geo-Prism / Geo-Cosmos Exhibit Description,” https://www.miraikan. jst.
go.jp/en/exhibitions/tsunagari/geo-prism/. Accessed June 18, 2025.
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tions, citizen science also fosters public understanding and engagement, offering

meaningful learning experiences and promoting environmental stewardship [32].

2.3. Gaps in Current Approaches

2.3.1 Lack of Structured Learning Outcomes

While informal science learning (ISL), STEAM education, and citizen science each
promote engagement, creativity, and public participation, a common limitation
lies in the absence of structured content and clear learning outcomes. Informal sci-
ence learning environments—such as museums or community programs—are often
unstructured and learner-directed, which, while beneficial for curiosity-driven ex-
ploration, can lead to fragmented understanding and limited long-term knowledge
retention [33]. Similarly, STEAM education faces criticism for lacking a unified
conceptual framework. Studies caution that without clear integration between
disciplines, especially between STEM subjects and the arts, learning can become
superficial or inconsistent [28]. In the context of citizen science, while partic-
ipants may contribute meaningfully to scientific data collection, many projects
lack formalized educational goals or assessment mechanisms to evaluate what
participants actually learn. These challenges highlight a broader issue across all
three approaches: the difficulty of balancing open-ended, participatory learning

with the need for depth, coherence, and measurable outcomes.

2.3.2 Limited Educator or Facilitator Preparedness

Another shared challenge across current approaches to informal and interdisci-
plinary science learning is the lack of trained facilitators capable of implement-
ing these models effectively. In informal learning settings, facilitators may not
have formal training in science communication or education, resulting in missed
opportunities for deeper engagement or conceptual clarity [33]. In STEAM edu-
cation, teacher preparedness remains a persistent issue. Belbase et al. [28] point
out that many educators feel unprepared to integrate arts with STEM content
meaningfully, often resulting in tokenistic applications of creativity rather than

true interdisciplinary learning. Likewise, citizen science projects frequently rely

11
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on community leaders, scientists, or volunteers without educational training to
design and deliver experiences. Without guidance rooted in learning theory or
science communication strategies, facilitators may struggle to sustain participant
engagement or adapt to diverse learning needs [34]. Addressing this gap requires

intentional investment in educator training and cross-disciplinary collaboration.

2.3.3 Access and Motivation Issues

Despite their inclusive intentions, there are challenges related to accessibility,
participant motivation, and long-term sustainability. Informal learning spaces
are often available primarily in urban, well-funded areas, leaving rural or under-
resourced communities underserved [33]. In citizen science, motivation and reten-
tion remain ongoing concerns. Research shows that many participants engage only
once, and projects often struggle to retain contributors over time [35]. Moreover,
external incentives may create unrealistic expectations and threaten the authen-
ticity or sustainability of engagement. As Geoghegan et al. [34] note, a better
understanding of what drives participation—and how to support it over time—is
needed to ensure citizen science reaches its full potential. Across these approaches,
more inclusive communication strategies and sustained involvement are needed to

ensure equitable and lasting impact.

2.4. Theoretical Frameworks Guiding the Design

2.4.1 Experiential Learning Theory

This research adopts Kolb’s Experiential Learning Theory (1984) to structure in-
formal science learning through hands-on art-based activities. Unlike traditional
teaching methods that focus on abstract instruction, Kolb’s model emphasizes
learning as a process through four interconnected stages: concrete experience, re-
flective observation, abstract conceptualization, and active experimentation [36].
This framework supports a learner-centered, participatory approach—well-suited
to workshops where participants engage with scientific concepts through creative
exploration.

Kolb’s model is particularly relevant in informal or diverse learning settings, as it

12
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accommodates different entry points and learning styles. It offers a clear structure
to design learning experiences where participants can discover, reflect, and inter-
nalize knowledge at their own pace. Abdulwahed and Nagy [37] demonstrated the
value of this approach in a university engineering lab context. They found that
activating all four stages of Kolb’s cycle, especially the often overlooked dimen-
sion of 'prehension’ (ex. concrete experience and abstract conceptualization) led
to deeper learning results, improved knowledge retention and more meaningful
engagement. This helps ensure that participants are moving through a full learn-
ing cycle, leading to more coherent, consistent, and measurable outcomes, even in

informal or creative settings.

Constructivist Learning Theory

Constructivist learning theory views knowledge as actively constructed by learn-
ers through their interactions with the world, rather than passively absorbed from
external sources [38]. This perspective informs the design of this study’s work-
shops, where participants engage with scientific ideas by creating and reflecting
through art making. Rather than presenting fixed content, the learning environ-
ment encourages open-ended exploration, interpretation, and personal meaning
making.

Hein [39] emphasizes that learning is both a personal and social process, rooted in
active engagement, language, and shared experience. In informal learning settings
such as workshops, hands-on activities must also be "minds-on” —providing op-
portunities not just to manipulate materials, but to think critically and construct
meaning. This approach values the learner’s perspective, recognizing that under-
standing is shaped by prior knowledge, cultural background, and the context of
the learning experience.

In line with this theory, it allows even non-expert facilitators to guide learning
through open-ended exploration, discussion, and learner driven meaning making.
This reduces the pressure on facilitators to deliver content and instead emphasizes

creating supportive environments for co-learning.

13
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Narrative Theory

In addition to experiential and constructivist approaches, narrative theory offers
a valuable perspective for understanding how participants make sense of science.
As Bruner [40] argues, narrative is a fundamental mode of human thought, help-
ing individuals make sense of the world by organizing experiences into meaningful
sequences or stories. In informal learning settings, narratives can serve as cogni-
tive and emotional bridges—connecting abstract scientific concepts to everyday
experiences, prior knowledge, and personal relevance.

This perspective is especially valuable when considering communication strategies
for non-scientific audiences. Rather than relying solely on explanatory or factual
content, narrative framing can help make scientific information more engaging,
memorable, and accessible. By structuring content in story-like ways—through
scenarios, metaphors, or sequences—educators and facilitators can support deeper
comprehension and emotional connection, even before formal teaching or design

methods are introduced.

Multimodal Communication

Multimodal communication uses multiple modes—such as visuals, text, and sound—to
convey meaning more effectively than language alone [41]. In informal science
learning, it supports accessibility, engagement, and comprehension, especially for
audiences without a science background.

Research finds that meaning-making in multimodal communication is shaped by
the interaction of cognitive, perceptual, and contextual factors [42]. This supports
the design of an educational workshops that go beyond verbal explanation to en-
gage learners visually, emotionally, and experientially. This diversity supports
varied learning preferences, cultural contexts, and cognitive needs—broadening

reach, maintaining interest, and enhancing participant motivation.

2.4.2 Communication Models

Effective communication plays a central role in informal science learning, espe-
cially in workshops where participants vary in age, background, and familiarity

with scientific content. Traditional models, such as the Shannon and Weaver
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Model of Communication [43], conceptualize communication as a linear process—where
a sender transmits a message to a receiver through a channel, potentially disrupted
by ”noise.” This study focuses on designing effective encoding strategies that con-
vey scientific knowledge clearly, reduce potential “noise,” and ensure the message
can be accurately interpreted by the target audience.

This study also draws on interactive models of communication, which emphasize
two-way exchanges and the importance of feedback loops [44]. In this model,
both sender and receiver alternate roles and influence each other’s understanding
through mutual interaction. This is especially relevant in family-based workshops
where communication is fluid, and meaning is shaped collaboratively. Conver-
sations between children, parents, and facilitators become dynamic learning pro-
cesses in themselves, not just a means of delivering information.

Applying these principles, the workshop design incorporates structured opportu-
nities for dialogue,such as open-ended questions, shared reflection moments, and
collaborative problem solving. By creating an environment that values both verbal
and non-verbal exchanges, the workshops support a participatory form of com-
munication that reinforces understanding, builds trust, and encourages curiosity.
This aligns with broader constructivist and experiential frameworks, where learn-
ing is seen not as a passive intake of content, but as a relational and negotiated

process.

2.4.3 Parent-Child Learning

Parent—child interaction is a key factor in science learning. When parents engage
in science activities with their children, they help foster curiosity, understanding,
and a positive attitude toward science. These shared experiences encourage open
dialogue and exploration. Research highlights that such interactions significantly
increase children’s time spent with scientific content and deepen the quality of
their exploration. In particular, when parents ask open-ended questions, connect
to prior knowledge, and allow children to take the lead, children exhibit greater
persistence and use more scientific reasoning. These behaviors are most effec-
tive when they are autonomy-supportive, when parents encourage self-direction
rather than giving direct instructions [45]. Importantly, when parents develop an

interest in the subject, they are more likely to positively influence their children’s
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attitudes and engagement. Research finds that parents who view science as useful
in everyday life and feel confident in their ability to support their child’s learn-
ing are more likely to engage in frequent and meaningful science conversations at
home [46]. This leads to richer scientific reasoning, questioning, and explanation
from the child. Therefore, when designing programs for child participants, it is
essential to actively involve their parents, as their engagement can help sustain

the child’s motivation and support continued learning beyond the activity itself.
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Chapter 3
Methodology

3.1. Research Approach

3.1.1 Methodological Orientation

This study adopts Research Through Design (RtD) and Design-Based Research
(DBR) approaches, focusing on the iterative development and evaluation of public-
facing creative workshops. RtD, provides a framework for generating new knowl-
edge through the creation and study of designed artifacts and experiences [47].
DBR offers a systematic approach to understand the learning processes through
iterative cycles of design, implementation, and refinement in real-world contexts
[48]. These frameworks are suitable for exploring how designed experiences can
generate new understandings about science engagement among participants who
do not identify with science learning in formal contexts, as both methodologies
emphasize the development of practical interventions that produce theoretical in-

sights about learning and engagement processes.

3.1.2 Research Goals and Questions

The aim of this research is to investigate how workshop-based experiences that
focus on designated communication strategies can raise awareness, foster engage-
ment, and spark interest in science and technology.

The research questions are:

e RQ1: How can art-based workshops be designed to enhance science engage-

ment among non-scientific audiences?

e RQ2: How can science communication strategies, particularly encoding
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techniques, be tailored within art-based workshops to support clearer un-

derstanding and reduce communicative “noise”?

e RQ3: How do art-based activities influence participants’ ability to become

more aware of, engaged with, and interested in science topics?

This is explored through the iterative development and testing of a novel design

concept, introduced in detail in Section 3.3.

3.1.3 Justification for Practice-Based Approach

A practice-based approach is justified because science engagement is inherently
experiential and context-dependent [49]. Conducting workshops in real-life con-
texts — gallery spaces, public venues, with diverse audiences — through an iter-
ative, design-led process allows for context-sensitive insights that emerge from
actual practice, enabling the refinement of encoding strategies based on observed

participant engagement rather than theoretical assumptions alone.

3.2. Design Overview

3.2.1 Design Concept: Sci-Art

This design project, titled “Sci-Art”, explores how art can serve as a commu-
nication medium to promote interest in science. “Sci-Art” consists of a series
of themed workshops that incorporates underlying scientific knowledge—such as
light, color, or chemical reactions— into the making of visually appealing art-
works. The name “Sci-Art” reflects the central concept of combining science and
art to create an interdisciplinary learning experience.

This integration is intended to lower psychological barriers to science, as research
demonstrates that arts-based approaches can effectively convey scientific concepts
to diverse audiences [50], especially for individuals who may view scientific con-
cepts as difficult, inaccessible, or irrelevant to their lives. Aiming at those au-
diences, “Sci-Art” uses creative, hands-on activities to make scientific concepts

more approachable and engaging.
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3.2.2 Theoretical Frameworks
STEAM Education

The concept of integrating science with art is inspired by STEAM education
[51]. The integration of art, visuals, storytelling, and tactile exploration embodies
principles of multimodal communication [52], allowing participants to engage with

scientific ideas through multiple sensory and cognitive channels.

Kolb’s Experiential Learning Cycle

Each “Sci-Art” workshop follows a structured yet flexible format, using Kolb’s ex-
periential learning cycle as its foundational framework [36]. Workshops begin with
a hands-on art activity that introduces a scientific phenomenon in a tangible, en-
gaging way. Participants then reflect on what they observed or felt, often through
guided discussion, before connecting their experiences to scientific concepts. Fi-
nally, they are encouraged to explore further through iteration or variation of
the activity, reinforcing their understanding through action. This pedagogical
approach aligns with broader principles of constructivist learning theory, which
holds that learners construct knowledge through experience and reflection, rather
than passively receiving information [38|.

While this structure provides a consistent foundation, it is adapted according to
the context of each session. Variables such as the participants’ age, time con-
straints, group size, and specific testing goals influence how the workshop is con-
ducted. For instance, sessions with younger children may place greater emphasis
on play and exploration, while workshops targeting teens or adults might in-
clude more structured reflection or discussion. This adaptability ensures that the
workshops remain inclusive, relevant, and effective across different learning envi-
ronments.

In addition to contextual considerations, each session is designed around a unique
theme that integrates relevant scientific principles with seasonal or cultural ele-
ments to sustain participant engagement [53]. For example, workshops held in
December may incorporate a Christmas theme, while others might align with
natural phenomena or holidays throughout the year. This thematic variation

not only helps illustrate a wide range of activities, but also keeps the experience
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timely, relevant, and engaging for participants. By connecting science to familiar
events or seasons, the project encourages participants to see science as part of

their everyday lives [54].

Communication Models

A key component of this design is the development of communication strate-
gies—referred to here as encoding strategies that conduct how scientific content is
embedded within the art-based activities. These strategies are grounded in com-
munication theory, particularly Shannon and Weaver’s Model of Communication
and the Interactive Model [43], which conceptualize communication as the trans-
mission of a message from sender to receiver, often disrupted by various forms of
noise. In the context of “Sci-Art”, noise may arise from unfamiliar scientific ter-
minology, abstract explanations, or mismatched learning styles. To address this,
“Sci-Art” uses multimodal encoding to reduce cognitive barriers and improve mes-
sage clarity.

These encoding strategies serve as the project’s primary communication mecha-
nism, determining how science is introduced, represented, and experienced by par-
ticipants. Rather than delivering scientific content through direct instruction, the
workshops aim to embed or "encode” science within multimodal forms—including
materials, visuals, and interactive actions. According to multimodal communica-
tion theory, meaning-making emerges from the integration of multiple sensory
channels [42], and effective communication depends on the participant’s ability to
decode these messages across different modes [55]. By leveraging this approach,
the project allows participants to encounter and interpret scientific ideas through
experience, emotion, and interaction, not just verbal explanation. This increases
the likelihood that the intended message will be successfully decoded, even by
audiences with diverse backgrounds and varying levels of scientific literacy.

Each strategy is designed with a specific purpose, tailored to the context of the ses-
sion, such as the participant demographics, the workshop theme, or the intended
focus of the user test. While each session may emphasize different aspects, the
main goal remains consistent: to enhance participants’ awareness, engagement,
and interest in science.

For each strategy, the design includes three core elements following Hall’s [56]
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encoding/decoding framework. First is the encoding, where scientific messages
are intentionally embedded into the activity through visual, tactile, or thematic
cues. Second is the expected decoding, which anticipates how participants might
interpret or respond to the design based on theoretical predictions. Finally, during
and after the session, participant reactions are observed and collected as actual
reception, which reveals how the message was genuinely received and interpreted.
This framework allows for systematic comparison between intended and actual
meaning-making, providing empirical evidence for refining encoding strategies in

creative science communication settings.

3.2.3 Workshop Structure and Timeline

To evaluate the effectiveness of the design and explore the role of encoding strate-
gies in enhancing science engagement, a series of four workshops were conducted
across different public venues between August 2024 and May 2025. These work-
shops were organized in gallery spaces, academic forums, and public innovation
hubs, allowing the research to capture responses from diverse audience groups,
including the general public and university students.

Across the four sessions, three distinct activities were designed, each integrating

Figure 3.1 Activity Overview

two core scientific principles and translated into hands-on art making experiences.
One of these activities— “Coffee Filter Art,” which focuses on capillary action and
paper chromatography—was conducted in three separate workshops (WS1, WS2
and WS4), with revisions made to its format and facilitation based on prior find-
ings. The other two workshops introduced “Neon Color Butterfly” (UV light and
neon color) and “Christmas Decoration Jar” (acid-base reaction and immiscibil-

ity), respectively. All activities were structured to embed scientific content within
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the creative process, encouraging participants to engage with science through ob-
servation, exploration, creation, and reflection. An overview of the four workshops
and their corresponding activities is presented in Figure3.2, which summarizes the
date, location. Figure3.1 shows details of each activity with its scientific focus and

creative output.

Figure 3.2 Workshop Overview

Each workshop employed the same high-level structure aligned with Kolb’s
experiential learning cycle, while adjusting session pacing, tone, and facilitation
style according to contextual factors such as audience age, setting, and workshop
goals.

These workshops not only served as iterative design tests, but also as opportunities
to gather insights into participant engagement, assess how well scientific ideas were
communicated, and understand how art-based, multimodal approaches shape the

learning experience for non-science audiences.

3.2.4 Design Iteration Plan

Iterative design played an essential role in the development of “Sci-Art”, enabling
each workshop to evolve through cycles of testing and refinement. As in Research-
through-Design approaches, iteration plays a central role in refining materials and
strategies based on contextual feedback and experiential insight [47].For every ses-
sion, the design process began with internal prototyping—conducting trial runs
with graduate school peers and collaboration companies’ representatives to test
early-stage concepts, materials, pacing, and communication strategies. These
internal tests allowed for rapid feedback and adjustment, helping to refine the

structure and enhance clarity before public implementation. Once finalized, each
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session will be implemented in real-world settings, with participants recruited
through public channels such as websites and social media, or public outreach
events where collected data were used to demonstrate how well the scientific con-
tent was communicated and received. This two-phase process ensured that each
workshop was grounded in participant experience and continuously improved to
better support engagement, understanding, and interest in science.

Each iterative development of Sci-Art follows the principles of Design-Based Re-
search (DBR) [57]. DBR emphasizes designing in real-world contexts, testing
interventions with users, evaluating outcomes, and reflecting to inform further
refinement. As illustrated in Figure3.3, the DBR cycle consists of four iterative
phases: design, test, evaluate, and reflect, each contributing to continuous refine-

ment of instructional tools [57].

Develop (or revise

instructional tools
based on theories of
learning to address a
learning problem

REFLECT
Critique tools and TEST
implementation Implement
process; develop D B R instructional tools
design principles in the CIassroom.
continually
revising as
necessary,

EVALUATE

Analyze student
learning and the
learning
environment to
evaluate tools

Figure 3.3 The iterative cycle of Design-Based Research (DBR).Adopted from
Scott et al.2020,19:es11, p.2.

3.3. Research Context

While the overall structure and objectives of the workshops remained consistent,

each session was slightly different in terms of its context, setting, and participant
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composition. These variations were intentional, allowing the research to explore
how different audiences engage with science communication across formats. Fac-
tors such as the venue, participant demographics, and facilitation style influenced
how each workshop unfolded. An overview of the four workshop sessions, includ-
ing participant type, recruitment method, number of participants, entry fee, and
provided gift, is summarized in Figure3.4. A more detailed description of each
session will be provided in Chapter 4, where individual workshops are discussed

in relation to their specific design focus and user testing outcomes.

Figure 3.4 Workshop Participants Overview

3.3.1 Partnership

Three main partners supported the realization of this project:

e BnA_WALL — an art hotel and gallery based in Nihonbashi, Tokyo

e Shonan Health Innovation Park (Shonan iPark) — Japan’s first pharmaceutical-

initiated science park

e Pentel Corporation — a Japanese stationery company

BnA_WALL and Shonan iPark each served as physical venues for the workshops,
contributing distinct thematic environments. BnA_WALL offered a creative, art-
centered atmosphere ideal for testing science engagement through visual expres-
sion. In contrast, Shonan iPark provided a science-forward setting aligned with
innovation and research, attracting a more STEM-oriented audience.

Pentel played a key role in material support, supplying essential art tools such
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as water-based sign pens, acrylic paints, and neon-colored Art Brushes. These
materials were not only functional but conceptually integrated into the workshop
experience, acting as mediums through which scientific principles were encoded
and explored visually.

In addition to logistical and material support, all three partners contributed to
the iteration process of the workshop design, offering feedback and facilitating
real-world implementation. Their involvement was instrumental in grounding the
research within authentic, community-engaged environments. Further details on
their specific contributions are discussed in the corresponding workshop sections
in Chapter 4.

3.3.2 Research Setting

To reach diverse audience segments, workshops were conducted in three distinct
settings, each selected for its alignment with the project’s goals of inclusive, in-

formal science engagement:

BnA_WALL

Located in Nihonbashi, Tokyo, BnA_WALL’s basement space functions as a flex-
ible event venue and regularly hosts creative programs, such as “PLAY ART”
for young children. This venue was selected for its alignment with the project’s
aim to integrate science into public, art-focused environments. Its naturally art-
interested audience offered an ideal context to explore how science could be em-

bedded into visual and creative practices.

KMD Forum

KMD Forum is an annual public exhibition organized by the Graduate School
of Media Design at Keio University. It showcases student-led “Real Projects”
through interactive booths and installations. The event is held at Tokyo Port
City Takeshiba, 3rd Floor, providing a spacious and accessible environment for
public interaction. This setting allowed the workshop to be tested in a university-

driven, walk-in format, attracting a wide demographic—from students to external
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visitors—and promoting spontaneous participation. The forum provided a valu-
able opportunity to observe engagement in a dynamic, interdisciplinary academic

environment.

Shonan iPark

As a national hub for science and innovation, Shonan iPark organizes an annual
event called “iPark Fiesta”, featuring public-facing science activities hosted by
companies and research institutions. The venue drew participants with a predis-
position toward science and an interest in hands-on learning. This setting was
especially valuable for evaluating how science-themed activities were interpreted
by science-oriented audiences and for testing how the encoding strategies func-

tioned in a more technically informed context.

3.3.3 Participants

Parent-child

Among the workshops, WS1 and WS4 were designed for parent—child pairs. In
WS1, parents primarily took on an observational role, allowing their children
to lead the activity and express themselves independently. In contrast, WS4
involved both parent and child actively participating together, emphasizing shared
exploration and co-creation. These different formats enabled an examination of

varying parent—child interaction styles and their influence on engagement.

Gen Z

In addition to parent—child pairs, WS2 and WS3 attracted young adult partici-
pants from Generation Z (born between 1997 and 2012). These individuals, often
university students or early-career professionals, represent a demographic known
for growing up with digital technology, short attention spans, and a preference for
interactive and visually engaging experiences. Their participation provided valu-
able insights into how younger audiences respond to informal, art-based science

learning outside of traditional educational settings.
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3.3.4 Recruitment

Participant recruitment strategies varied depending on the venue and format of

each activity.

Peatix

For the workshop held at BnA_WALL, participants were recruited through a tick-
eted registration system using the platform Peatix. Each ticket was priced at
1,500 yen, as required by the venue. The research team did not receive any fi-
nancial benefit from these fees. However, it is acknowledged that this cost may
have unintentionally excluded individuals who could not afford to pay, potentially

limiting the accessibility and diversity of participants.

Free Entry Public Events

Workshops held as part of the KMD Forum and at Shonan iPark were free and
open to the public, with no advance registration required. These events attracted
spontaneous participation from visitors already attending the venues, enabling a
diverse and organically formed participant group. However, it is acknowledged
that participants were likely already interested in the hosting organizations or
event themes, which may have influenced their motivation and openness to engage

with the workshop content.

3.3.5 Promotion

To show appreciation and also attract more potential participants, gift items pro-
vided by Pentel were distributed to participants after selected workshops. These
gifts also served as a subtle reinforcement of the collaborative and supportive
atmosphere of the event, while enhancing Pentel Corporation’s branding commu-
nication.

To reach a broader audience, we conducted social media-based promotion in col-
laboration with project partners. Promotional content was disseminated through
multiple channels to recruit, including both online and offline. Online channels in-
clude BnA_WALL'’s official Instagram account, Pentel’s official X (formerly Twit-

ter), and Shonan iPark’s event website. These channels were selected to leverage
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existing follower networks and reach art and science-interested communities. Of-
fline channels consisted primarily of physical posters and flyers, which were dis-
played at the venue and in nearby community spaces to attract local visitors and
passersby who might not be reached through digital platforms. The design of the
workshop poster for WS1, which is used for participant recruitment, is shown in

Figure3.5 as an example.
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Figure 3.5 Poster and flyer design for Workshop 1

3.4. Methods of Data Collection

To evaluate the effectiveness of the design and understand participant responses, a
mixed-methods approach was adopted following established principles of method-
ological triangulation [58]. Multiple forms of data were collected across the four

workshops to capture both observable behaviors and self-reported perceptions,
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allowing for a richer understanding of how participants engaged with the activ-
ities and how the encoding strategies influenced their awareness, interest, and

understanding of science.

3.4.1 Observation

Each workshop was video-recorded to capture participant interactions, engage-
ment levels, and facilitator behavior. These recordings served as the primary tool
for documenting behavioral responses to the embedded scientific content, enabling
post-session analysis of verbal and non-verbal cues through systematic video anal-

ysis techniques [59].

3.4.2 Participants’ Artworks

The artworks produced by participants served as tangible outputs for assessing
engagement and science interpretation. These artifacts were analyzed to explore
how participants visually represented scientific concepts, how they interacted with
the materials, and how they applied their understanding through creative choices
[50]. In addition to evaluating the clarity and accessibility of the encoded scientific
content, attention was given to participants’ behavioral responses toward their
creations—such as their inclination to continue working, take their artwork home,
or express interest in sharing it on social media. These observations were used
to gauge the emotional connection, personal investment, and perceived value of
the activity, offering deeper insight into participant engagement across different

workshop formats and age groups.

3.4.3 Questionnaire

All four workshops employed structured questionnaires to systematically evalu-
ate participants’ responses to the science-art integration experience. The ques-
tionnaire design followed established principles for educational research surveys,
incorporating Likert-type response scales for their demonstrated effectiveness in

measuring attitudinal and perceptual constructs [60].
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Post-Workshop

Post-workshop questionnaires were distributed across all four workshops to cap-
ture participants’ immediate reflections on the experience. Following practices
in educational survey design [60], questions were structured to address four key

domains:

e Perceived enjoyment and engagement with the workshop activ-
ities - recognizing that emotional responses, particularly enjoyment, are

fundamental to sustained science engagement [61].

e Clarity of the activity and comprehension of scientific concepts -
addressing Kirkpatrick’s Level 2 learning outcomes focused on knowledge

acquisition and understanding [62].

e Interest in the scientific topic following the hands-on experience
- following the hands-on experience - as increased interest correlates with

greater knowledge gains and positive activity evaluation [61]

Questions utilized 5-point Likert scales (1 = Strongly Disagree to 5 = Strongly
Agree) to capture nuanced responses while maintaining sufficient granularity for
analysis [63]. The selection of a 5-point scale aligns with recommendations by
Artino Jr et al. [60] for educational research contexts, as it provides adequate
response differentiation without overwhelming participants with excessive choice
complexity.

Questions were adjusted for each workshop depending on the different audience
and the specific purpose of the workshop, also incorporating experience from the
previous workshop as iteration. This iterative approach to questionnaire refine-
ment ensures that instruments remain relevant and effective across diverse edu-
cational contexts [60]. Further details will be discussed in Chapter 4 within the

questionnaire sections of each workshop.

Parent-child

In WS1 and WS4, where participants included parent-child pairs, differentiated

questionnaires were provided for children and their guardians to capture both
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direct and reflective perspectives. As demonstrated by recent research on parent-
child educational dynamics, multi-informant studies using differentiated assess-
ment tools can reveal important discrepancies and complementary insights that
single-perspective approaches might miss [64].

Children aged 4 to 7 received simplified questionnaires incorporating the Smi-
leyometer—a validated child-friendly visual analogue scale using facial expressions
to represent levels of enjoyment [65]. The Smileyometer, described as part of the
"Fun Toolkit,” has been specifically developed and validated for measuring chil-
dren’s subjective experiences with technology and activities. This instrument
assessed children’s fun, curiosity, and engagement with the activity.

Parents completed more detailed questionnaires designed to evaluate their per-
ceptions of their child’s learning, emotional involvement, and the overall effective-
ness of the workshop. This dual approach was particularly valuable, as research
demonstrates that young children may not yet have the ability to articulate com-
plex thoughts or accurately assess their own learning [66]. Research on informal
science learning sites emphasizes the critical role parents play in children’s learn-
ing experiences, noting that parental involvement and perception significantly
influence children’s engagement with scientific content outside traditional class-
room settings [67]. This body of research supports the methodological decision
to include parental perspectives as a primary data source, particularly given their
privileged position to observe children’s behavior across multiple contexts and

over extended periods.

3.5. Method of Data Analysis

3.5.1 Observation Analysis

Observational data, including video recordings and facilitator notes, were ana-
lyzed to assess real-time indicators of engagement and interaction. Behaviors
such as body language, eye contact, verbal expressions of curiosity or confusion,
and time spent on tasks were used to infer levels of interest and focus. A thematic
analysis approach was applied to categorize participant behaviors into recurring

themes such as exploration, hesitation, social engagement, and delight. Braun
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and Clarke [68] define thematic analysis as a research method used to identify
and interpret patterns or themes in a dataset, providing a systematic framework
for analyzing qualitative data. These themes were identified through repeated
viewing of video footage and review of field notes, using a process of coding and
pattern recognition for thematic analysis [68]. This methodological approach en-
abled the identification of meaningful patterns across participant responses while
maintaining analytical rigor. The analysis helped evaluate how participants re-

sponded to the embedded scientific content and the workshop format.

3.5.2 Artwork Analysis

Participant-created artworks were examined as tangible outputs that reflected
participants’ understanding, interpretation, and engagement with scientific prin-
ciples. Additional attention was given to how participants interacted with their
own creations—for example, whether they showed pride in their work, asked to
take it home, or discussed it with others. These interactions were treated as

secondary indicators of engagement and emotional connection.

3.5.3 Questionnaire Analysis

Questionnaire data were analyzed using both quantitative and qualitative meth-
ods. Likert-scale responses were aggregated to determine overall trends in en-
joyment, interest, and perceived learning. In WS4, pre- and post-questionnaire
comparisons were used to detect changes in participant attitudes. Open-ended re-
sponses, where applicable, were thematically coded following the same analytical
framework applied to observational data [68] to supplement quantitative findings

with participant perspectives on their experience.

3.5.4 Triangulation and Synthesis

Triangulation is the use of multiple methods or data sources in qualitative research
to develop a comprehensive understanding of phenomena [69]. For example, in-
stances of observed engagement were cross-referenced with participant feedback

and corresponding artwork outputs. This integrative process enabled a more nu-
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anced understanding of each workshop’s impact and the effectiveness of specific

communication strategies.

3.6. Validity, Reliability and Researcher Reflex-
ivity

To ensure the trustworthiness of this research, particular attention was given to
the concepts of validity, reliability, and researcher reflexivity throughout the study

design and execution.

3.6.1 Validity

Validity in this study was addressed through triangulation across multiple data
sources, including observations, questionnaires, and participants’ artworks—to
capture a holistic view of engagement and learning. The communication strate-
gies were tested across varied workshop settings (child, Gen Z, and parent—child
formats), which strengthened ecological validity by situating the activities in real-
world, public contexts. Furthermore, efforts were made to align questionnaire
content with specific learning and engagement goals, including the use of pre-post

formats and simplified tools like the Smileyometer for younger participants.

3.6.2 Reliability

To enhance reliability, consistent facilitation protocols were maintained across
workshops, including clear instructional materials and structured session flows.
For WS4, a detailed facilitator training session was conducted to ensure consis-
tent delivery of the activity and explanation of scientific content. Data collection
procedures, such as standardized video recordings, consistent questionnaire distri-
bution, and coded responses, supported the systematic handling of data. Internal
pilot tests also helped refine workshop materials and session timing, reducing vari-
ability in participant experience across sessions.

In addition to these technical measures, this study also considered communica-

tion reliability: how effectively scientific ideas were conveyed and understood by
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participants. Miscommunication is a common challenge in public science educa-
tion, where unfamiliar terminology, abstract content, and passive teaching formats
can hinder comprehension. Drawing from communication studies, this research
views interactive workshops as a form of mediated communication. By allowing
participants to engage directly with scientific content through hands-on activities
and dialogue, the workshops provided opportunities for real-time clarification and
personal interpretation. This approach reduces the risk of misunderstanding and
encourages co-construction of meaning, aligning with research that highlights the

effectiveness of learner-centered, participatory models in informal science learning.

3.6.3 Research Reflexivity

Given the participatory and iterative nature of this research, the role of the re-
searcher was both as designer and primary facilitator in most workshops. This
dual role introduced the possibility of researcher bias, particularly in interpreting
participant reactions or guiding discussions. To mitigate this, detailed field notes
and video recordings were used to reflect more objectively on participant behav-
ior. In WS4, facilitators other than the researcher were trained and observed,
allowing for greater neutrality in implementation and providing insight into how

the workshop performed when led by others.

3.7. Ethical Considerations

3.7.1 Ethical Approval

The research was reviewed and approved under the ethical guidelines of Keio Uni-
versity Graduate School of Media Design. It followed institutional standards for
research involving human subjects, particularly in educational and public engage-

ment settings.

3.7.2 Informed Consent

All participants were informed of the research purpose, data collection methods,

and their rights before participating. A formal video recording consent form was
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distributed, outlining that participants’ actions during the workshops would be
recorded for research purposes. For participants under 18 years of age, signed
consent was obtained from their parent or legal guardian, as required. The form
was available in Japanese to ensure clarity and accessibility for all participants.

The consent form explained that recorded data may be used for academic analysis,
presentation, and outreach activities in collaboration with the partner institutions.
Participants were required to sign the document only after confirming their full

understanding and agreement with the stated conditions.

3.7.3 Confidentiality and Anonymity

To protect participant privacy, all personal data were anonymized. Video record-
ings were stored securely on password-protected, access-restricted drives managed
by the Keio University Graduate School of Media Design. Any data used for pub-
lication or presentation was processed to ensure that individuals’ identities could
not be discerned. Video and audio data will be retained for a maximum of five
years (from August 4, 2024, to August 5, 2029), after which they will be securely
deleted.

3.7.4 Voluntary Participation

Participation in the research was strictly voluntary. All individuals were informed
that they could withdraw their consent at any time without explanation and with
no negative consequences. Participants were also reassured that their decision to
withdraw would not affect their ability to take part in the workshop or any related

activities.

3.8. Facilitation

3.8.1 Facilitator Roles

Facilitation played a critical role in shaping the participant experience and ensur-
ing that each workshop was conducted in a safe, engaging, and inclusive environ-

ment. In this study, the facilitator’s role extended beyond logistical coordination
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to include guiding participant interaction, framing the activity, and supporting
science communication through creative engagement.

W1,WS2 and WS3 were led by the primary researcher, while WS3 supported by
assistants for translation. WS4 was led by a facilitators team and they got proper
training session to understand the workshop content and proper behavior.

At the beginning of each session, facilitators provided a simple, welcoming in-
troduction, explaining the structure of the workshop and the materials involved.
Scientific concepts were not presented as formal instruction, but rather embed-
ded within the creative process, with facilitators offering gentle prompts, asking
open-ended questions, and encouraging participants to explore, reflect, and make

personal connections with the materials.

3.8.2 Adaptive Support

For parent—child workshops, facilitators were especially attentive to the interper-
sonal dynamic, inviting parents to either observe or co-create, depending on the
workshop format. This flexibility ensured that both children and adults felt com-
fortable participating at their own pace.

Facilitation also required real-time adaptation to participants’ needs, energy lev-
els, and reactions. The facilitator observed carefully and adjusted the tempo, level
of guidance, or framing of science concepts accordingly. This responsive approach
ensured that scientific ideas were accessible without being prescriptive, aligned
with the project’s broader goal of fostering intrinsic interest in science through

multimodal, experience-based learning.

3.8.3 Ethical Responsibilities

Throughout the workshops, facilitators also supported the implementation of eth-
ical protocols, including confirming consent, managing video documentation, and
offering assistance when participants needed help or clarification. Their role was

integral to creating an environment that was both educational and respectful.
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3.9. Summary

Together, these methodological choices laid the foundation for interpreting how
adaptive workshop design can foster accessible and engaging science learning ex-
periences across age groups and learning environments. In the following chapter,
each workshop is examined in detail, highlighting how the design was implemented
in context, how participants responded to the communication strategies, and what

insights were gained from the iterative development process.
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Chapter 4
Validation

4.1. Overview

This chapter is structured around the four workshops, as shown in Figure4.1, while
each serving as a user test. For each session, the research will detail the specific
context, outline the iterative design process, describe the final workshop flow,
and evaluate the effectiveness of the intended communication strategies. This
structure allows for a contextualized analysis of how the design evolved and how
participants responded across different settings.

The analysis follows a three-part structure:

1. A breakdown of the communication approach and its intended and actual

effects

2. Questionnaire-based evaluation of participant engagement and conceptual

understanding
3. Workshop-specific insights and future implementations

Following these individual analyses, a cross-workshop synthesis is provided to
identify overarching communication patterns, effectiveness of strategy design, and
emerging implications for informal science communication in Chapter 5. This
framing allows the workshops to be understood not only as educational experiences
but also as mediated communication experiments that reflect on clarity, framing,

and audience interpretation.

38



4. Validation 4.2. Workshop 1:Hands-on Engagement for Children

Figure 4.1 Workshop Overview

4.2. Workshop 1:Hands-on Engagement for Chil-

dren

4.2.1 Context

Workshop 1 served as a pilot session, involving multiple iterations to refine the
activity concept, workshop flow, and expected art outcomes. The first official user
test was conducted on August 4, 2024, in the basement event space of BnA_WALL
in Nihonbashi, Tokyo. This workshop was specifically designed for children around
the age of 10, with a total of 9 child participants and 8 accompanying guardians.
The format focused on observing how young children engage with hands-on sci-
ence—art activities, while guardians primarily took on an observational role. In-
sights from this pilot session helped shape the structure and facilitation of subse-

quent workshops. Iteration process is shown in Figure4.2

Design Iteration Participants Purpose

Iteration 1 Graduate School Peers Activity, theme
Iteration 2 Representatives from Partnerships Structure, feasibility
Iteration 3 Graduate School Peers Rehearsal

Figure 4.2 Activity 1 Iteration Overview
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4.2.2 Iteration Process
Iteration 1

e Design
In the early development phase of Sci-Art, a wide range of existing sci-
ence and art-based activities were reviewed and tested independently by
the designer to assess their feasibility, accessibility, and creative potential.
Among them, “fizzy art” , uses baking soda and vinegar to paint, and paper
chromatography activity that uses coffee filter and water-base pen to make
patterns were identified as particularly promising due to their vivid visual
results and connection to core scientific principles. The initial session was
designed to include both activities within a single workshop. The intention
was to offer participants a diverse and stimulating experience, maximizing

engagement through variety.

o Test
To explore the feasibility and overall appeal of combining two activities into
a single session, an internal pilot was conducted with graduate school peers,
who served as stand-in participants for adult audiences. At this stage, the
goal was not to measure effectiveness in detail, but rather to gain a broad
understanding of the session’s flow, balance, and potential impact. Par-
ticipants engaged with both activities, and the test was used to observe
which elements naturally attracted attention, where confusion or disinter-
est occurred, and how participants responded emotionally and intellectu-
ally. Feedback was collected on participants’ overall impressions, emotional
engagement, and which activity felt more compelling or enjoyable. This ex-
ploratory session functioned as an early brainstorming tool to help determine

which direction had stronger potential for refinement.

e Evaluate
The feedback from the pilot indicated that while each activity was enjoyable
on its own, combining them into one session introduced cognitive and logisti-
cal challenges. Participants reported feeling overwhelmed by the quantity of
materials and the mental shift required to transition between distinct activ-

ities. Further, participants found the paper chromatography activity more
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Figure 4.3 TIteration 1 test phrase

appealing than the “fizzy art” activity, as the unexpected visual outcome
of the color separation evoked a stronger sense of surprise, while the final
output needs to be reconsidered to make it more compelling for the target

research audience.

e Reflect
This evaluation revealed that combining multiple activities in one session
overwhelmed participants and reduced the overall learning impact. It high-
lighted the importance of clear pacing and thematic focus in building en-
gaging learning experiences. As a result, the format was revised to include
only one core activity per session. The paper chromatography activity was
selected due to the feedback and further developed into a flower and butter-
fly making format to enhance visual appeal. This refinement simplified the
structure and allowed participants to both observe a scientific phenomenon
and create a meaningful, take-home artwork, deepening the connection be-

tween creative expression and scientific exploration.

Iteration 2

e Design

Following the initial pilot session, the paper chromatography activity was
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further developed into a 90-minute workshop structured around Kolb’s ex-
periential learning cycle. A presentation slide deck was created to guide
participants through each phase of the activity, including step-by-step in-
structions for the experiment, a basic explanation of the science behind
paper chromatography, and directions for completing the final handcraft.
At this stage, the instructional materials were still relatively formal and
text-heavy, with the primary aim being to test the feasibility of the work-
shop structure and assess whether participants could follow the instructions

effectively.

o Test
This version of the workshop was tested with representatives from the col-
laborating organizations—BnA_WALL and Pentel. As project supporters,
their perspective was especially valuable in assessing both the scientific ac-
cessibility and material practicality of the activity. Their approval was also
a key factor in deciding whether the activity was ready to move forward for
public implementation. The session functioned both as a design test and a
rehearsal for future facilitation, helping all parties become familiar with the

flow and logistics of conducting the workshop.

e Evaluate
The feedback from this session focused on two key aspects: the presentation
materials and the activity flow. Participants noted that the slides, while in-
formative, contained too much text and abstract explanations, which could
be difficult for younger Japanese children to follow. They recommended the
inclusion of more visual aids—such as diagrams, videos, or live demonstra-
tions—to enhance clarity and maintain attention. In terms of activity flow,
the current format felt overly instructional, resembling a manual rather than
an engaging, hands-on experience. Suggestions included adding interactive
elements, such as short quizzes or mini-demonstrations, to re-capture at-
tention at various points in the session. There were also minor comments
on content: for example, limiting the craft output to only flowers (instead
of both flowers and butterflies) could improve visual focus and encourage

practical use as a decorative object at home.
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o Reflect
This session revealed the importance of designing not just for clarity, but also
for sustained engagement, especially with younger participants. While the
instructional content served its basic function, the delivery format needed to
evolve from a static, text-based guide to a more dynamic, experience-driven
process. The inclusion of interactive cues and sensory elements emerged as
crucial for maintaining attention and enhancing comprehension. Addition-
ally, the feedback highlighted the value of designing with a clear aesthetic
and functional purpose, such as creating decorative flowers, to increase emo-
tional attachment to the outcome. These insights informed the next itera-
tion of the workshop, which incorporated more visual storytelling, simplified
language, and strategically placed engagement moments to transform the

experience from instructional to immersive.

Iteration 3

e Design

Building on feedback from the previous session, this iteration focused on
improving the flow and engagement level of the workshop by incorporating
interactive elements throughout the session. A color quiz was added at the
beginning as an icebreaker and a thematic introduction to the concept of
color. To support understanding of paper chromatography, a demonstration
called the “chromatography race” was introduced. Participants were asked
to predict which color would travel the fastest up a strip of paper placed in
water—stimulating curiosity before observing the actual outcome. This cre-
ated a shared moment of excitement while providing a visual and tangible
demonstration of the scientific principle.

To deepen conceptual understanding, capillary action was introduced before
chromatography as a foundational concept. Everyday examples such as us-
ing cotton swabs or observing water movement in plants were used to help
participants connect abstract scientific phenomena to familiar, lived expe-
riences. These changes were designed to shift the workshop from a passive

instructional format to an active and emotionally engaging experience.

o Test
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This version was tested in a rehearsal session with graduate school peers,
serving both as a detailed walkthrough of each step and a facilitator prac-
tice run. The test allowed for timing adjustments, identification of unclear

transitions, and fine-tuning of instructions for the interactive segments.

e Evaluate
Overall, the feedback was positive. Participants noted that the added inter-
active elements helped maintain attention and made the science content feel
more approachable. The chromatography race, in particular, was effective
in sparking energy and curiosity. However, while the demonstration was
visually engaging, some participants found the scientific explanation lack-
ing in depth. The mechanism behind why certain pigments travel faster
remained unclear to many. It was suggested that additional explanatory
materials—such as simplified diagrams or analogies—could be prepared in
advance to support comprehension during the demonstration. A minor sug-
gestion was also made to include example patterns for decorating the coffee
filters, to help participants begin their artwork without limiting creative

freedom.

e Reflect
This iteration highlighted the importance of balancing excitement with con-
ceptual clarity. While the activity successfully engaged participants, the
underlying science needed to be communicated in a more accessible way.
To address this, a new visual aid was developed using anthropomorphized
diagrams—portraying pigment molecules as characters with different ”per-
sonalities,” such as liking water or sticking to paper. This metaphorical
approach aimed to make the mechanism of chromatography easier to grasp,
especially for younger participants. With this adjustment, the workshop was
considered nearly complete, with only minor refinements remaining before

public implementation.

4.2.3 Structure and Flow

As shown in Figure4.4, the workshop followed the structure of Kolb’s Experiential
Learning Cycle:
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Concrete Experience
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Figure 4.4 Workshop 1 Framework

e Concrete Experience: Participants began by selecting a color and draw-
ing on a coffee filter using water-based Pentel Sign Pens. They folded the

filter and placed its tip in a cup of water, initiating capillary action.

¢ Reflective Observation: As the water rose through the paper, partici-
pants were prompted to observe the movement and describe what they saw.
The facilitator guided a group discussion, encouraging children to voice their

observations.

e Abstract Conceptualization: The facilitator introduced the term “cap-
illary action” and explained the scientific mechanism using familiar analo-
gies, such as how plants absorb water through roots or how cotton swabs
absorb liquid. The concept of “paper chromatography” was then introduced
through a second experiment: the Chromatography Race, in which partici-
pants compared how eight different ink colors separated and moved on the

filter paper.

e Active Experimentation: Participants used the colored filter papers to
create paper flowers. Encouraged to try different patterns, they explored

how scientific outcomes could be creatively repurposed. The session con-
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cluded with assembling the flowers into personal bouquets using additional

craft materials.

Figure 4.5 Workshop 1 Material List

4.2.4 Material

The full list of materials used in Workshop 1 is summarized in Figure4.5. The use
of everyday materials (water, coffee filters, water) reinforced the idea that science
is accessible and observable in daily life. The hands-on, creative process enabled

participants to internalize scientific ideas without needing prior knowledge.

4.2.5 Workshop Environment and Attendance

The workshop venue was arranged with a long table, accommodating five partic-
ipant seats on each side. Adjacent to the activity area, a designated seating area
was prepared for parents, allowing them to observe the session comfortably. While
parental observation was encouraged, it remained entirely voluntary. A total of
10 participants registered for the workshop; however, one withdrew during the
session, resulting in 9 valid participants for the study. Among the accompanying

guardians, one parent chose not to observe, while the remaining 8 parents attended
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and observed the workshop. The workshop layout is shown in Figure4.6, which

illustrates the seating arrangement for participants, facilitators, and parents.

PARTICIPANTS/CHILDREN PARENTS

FACILITATION
TABLE

PROJECTION SCREEN

Figure 4.6 Workshop 1 Venue Layout Plan

4.2.6 Communication Strategy

Because the participants were children, this workshop prioritized active engage-
ment to address their shorter attention spans and tendency to become distracted
in learning environments. To sustain their interest and ensure consistent participa-
tion, the communication strategy focused on hands-on, interactive elements that
encouraged immediate involvement. Specifically, the strategy emphasized two key
techniques: the use of questions and interactive demonstrations. These methods
were designed to invite participation, maintain attention, and prompt reflection
throughout the session. By embedding scientific explanations within a creative,
sensory-based activity, the workshop sought to make science more accessible and

emotionally resonant for young learners.
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Questioning and Guided Observation

e Encoding
The session began with a simple color-mixing quiz projected at the front
of the room. This served as an icebreaker and a gentle introduction to the
day’s scientific theme. Participants were invited to guess which two primary
colors combine to make green, sparking discussion and anticipation. As the
workshop progressed, the facilitator continued using targeted questions to
guide participant observation—such as, “What do you notice about the wa-
ter?” and “How is the color changing?” These prompts encouraged children

to verbalize their observations and reflect on the unfolding process.

e Expected Decoding
It was expected that starting with an interactive question would help acti-
vate prior knowledge and curiosity, making participants more mentally and
emotionally prepared for the activity. This approach aligns with research
that reflects "the quality of the questions that teachers ask plays an im-
portant role in promoting or hindering students’ curiosity, thinking, and,
consequently, their learning [70].” Continued questioning during the exper-
iment was intended to keep their focus on key scientific phenomena and

support deeper cognitive engagement.

e Actual Reception
As Figured.7, participants showed strong willingness to answer the opening
quiz, with many raising their hands and sharing their thoughts out loud.
During the observation phase, several children described the changes they
were seeing, indicating active reflection. The questions effectively anchored
their attention and supported understanding by linking abstract science to

immediate sensory experiences.

Interactive Demonstration

e Encoding
As part of the workshop, a group-based demonstration called the Chro-
matography Race was introduced to visually communicate how different ink

pigments separate at different speeds. A prepared piece of filter paper with
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Figure 4.7 Participants actively answering the question.

eight colored dots aligned at the same height was shown to participants.
Before initiating the experiment, the facilitator invited the children to guess
which color would travel the fastest to the top when the paper was placed in
water. The filter paper was then positioned with its lower edge submerged,
allowing participants to observe the movement and separation of each color

in real time.

e Expected Decoding
This approach follows Predict-Observe-Explain (POE) framework [71], which
"prompts students to predict the outcome of an experiment, then do the ex-
periment and, finally, to explain their reasons for the prediction and the
outcome.” It was anticipated that combining prediction with visual obser-
vation would heighten participants’ engagement and curiosity. Encouraging
children to form hypotheses before seeing the results was expected to deepen
their investment in the activity and facilitate a more meaningful understand-

ing of chromatography through active cognitive engagement.

e Actual Reception
Participants responded with enthusiasm, offering predictions aloud and closely
tracking the progress of each color. Many leaned in to follow the movement,
while others expressed surprise as the results unfolded. Notably, several
parents also became actively engaged—photographing the demonstration,

discussing the outcome with their children, and even expressing their own
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curiosity. Figure 4.8captures a moment during the demonstration, illus-
trating the high level of engagement across generations. This unexpected
level of adult involvement revealed the broader appeal of the activity and
inspired future consideration of expanding the target audience to include
inter-generational participants. The success of this demonstration high-
lighted the value of incorporating playful prediction and visual impact into

science communication.

Figure 4.8 Parents filming the demonstration.

4.2.7 Questionnaire

To evaluate participant experience and learning outcomes, both children and their
guardians completed post-workshop questionnaires tailored to their roles and com-

prehension levels, as shown in Figure4.9.

Participant Engagement

Children responded using a Smileyometer with five facial icons. 88.9% of the chil-
dren selected the happiest face when asked if the event was fun, indicating high
emotional engagement. Similarly, 88.9% reported they would like to try the ac-
tivity again at home, and 92.9% expressed strong interest in joining similar events
in the future. These results suggest that the workshop succeeded in delivering a

positive, enjoyable experience that sparked lasting interest.
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Figure 4.9 Questionnaire design for children (Left) and Questionnaire design for

parents (right)

Guardians’ responses echoed these trends. 85.2% rated their overall satisfaction
as “good” or “very good” (4 or 5 on a 5-point scale), and 81.5% said they were
likely to participate in similar workshops again. 66.7% indicated that they were
interested in trying the activity again at home. This shows that engagement ex-
tended beyond the workshop setting, influencing intentions to continue science-art

activities in everyday contexts.

Knowledge Acquisition

In terms of learning outcomes, 85.2% of the parents agreed that the workshop
helped their child gain new knowledge or understanding.

Together, the feedback suggests that Workshop 1 was highly effective in engag-
ing participants through creative and accessible formats, successfully combining
emotional enjoyment with elements of science communication. While the results
highlight the potential of this approach to foster lasting interest in science among
children and families, it should be noted that the current questionnaire placed
greater emphasis on affective engagement than on measurable learning outcomes.
To better assess the depth and nature of science understanding, future iterations
of the questionnaire should include more targeted items that evaluate conceptual

grasp and knowledge retention.
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4.2.8 Workshop Insights
Cross-Age Engagement

Both communication strategies were successful in engaging the target audience
by achieving the expected decoding. Notably, the interactive demonstration at-
tracted not only children but also unexpected interest from adult participants,
suggesting that such activities can appeal across age groups. This insight influ-
enced the direction of future workshop designs to more intentionally include adult
engagement opportunities.

Additionally, some children demonstrated a strong understanding of the scientific
concepts and terminology introduced during the workshop. One particularly en-
thusiastic participant even approached the Pentel representative after the session
to ask further questions, indicating a high level of interest and curiosity beyond
the activity itself. These responses highlight the potential of the workshop format

to spark deeper engagement and learning across both children and adults.

Future Implementation

For future iterations, it is important to move beyond surface-level engagement
and assess whether participants have actually improved their understanding of the
scientific concepts introduced. While behavioral cues and expressions of curiosity
suggest emotional involvement, they do not necessarily indicate conceptual learn-
ing. Incorporating more structured assessments, such as brief reflective prompts,
could help evaluate knowledge gain more effectively. This would provide clearer
evidence of cognitive impact and support a more robust evaluation of how well

the encoded science content was received and internalized by the audience.
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4.3. Workshop 2:Emotional Connection for Gen
Z

4.3.1 Context

Workshop 2 was initially planned to test Activity 2 at BnA_WALL, targeting
the same demographic as Workshop 1. However, due to challenges in participant
recruitment during the end of the summer vacation period, the session was relo-
cated to the KMD Forum, a public exhibition hosted by the Graduate School of
Media Design at Keio University. This shift provided an opportunity to test the
activity in a more spontaneous, walk-in environment while still reaching a diverse
audience.

The workshop was conducted over two consecutive days. On Day 1, Activity 1 was
offered, and on Day 2, the originally intended Activity 2 was implemented. While
both activities were designed according to the structure outlined in the previous
section, they were adapted to fit the constraints of the booth format at the KMD
Forum. Specifically, the typical 90-minute session was shortened to 45 minutes to
accommodate higher turnover and the informal nature of the event. This setting
allowed for observation of how shorter, booth-based formats influenced engage-
ment and comprehension, and offered valuable insights into the flexibility of the
design for different public settings.

Due to space limitations at the exhibition booth, a maximum of two participants
were allowed per round, each paired with the main researcher as the facilitator
to ensure guided interaction. The activities were not targeted specifically at chil-
dren or parent—child pairs, allowing for greater flexibility in age and background.
In total, seven participants took part each day, resulting in 14 valid participant
data sets. This workshop provided valuable insights into how the activities per-
formed in a compact, public-facing format and how the design adapted to varied

participant demographics.

4.3.2 Iteration 1

e Design

The concept for Activity 2 emerged from Pentel’s neon marker installation
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at a past exhibition, where participants drew on stickers using fluorescent
pens, then observed their artwork under UV light in a dark room. Inspired
by this interactive setup, the workshop design sought to blend artistic cre-
ation with a scientific phenomenon—~fluorescence under ultraviolet light.

To build on this concept within the framework of Sci-Art, the activity was
further developed by researching suitable handcraft structures that could
support both aesthetic expression and basic science explanation. A flapping
butterfly mechanism was selected: participants would color butterfly cards
using neon sign pens, assemble them with paper straws of varying diame-
ters, and activate the wings using a simple push-pull motion. This tactile
structure provided an opportunity to connect color, light, and motion into
a cohesive science-art experience. The design also drew from the successful
workshop structure of Activity 1, incorporating encoding strategies such as

material-based storytelling and interactive demonstration.

o Test
A prototype session was conducted with representatives from Pentel and
BnA_WALL to evaluate both the scientific framing and the clarity of the ac-
tivity flow. This internal trial allowed the research team to observe whether
the science of fluorescence and ultraviolet light could be effectively commu-
nicated through creative engagement. It also served as a dry run to test the

logistics, pacing, and instruction delivery.

e Evaluate
The feedback from the session was mainly positive, particularly regarding
the artifact design. The visual appeal and interactive nature of the butterfly

craft were well received. However, two key improvements were identified:

— It was suggested that using only neon colors made it harder to demon-
strate contrast, especially to younger participants. Incorporating regu-
lar colors alongside neon markers would create a more dramatic “before
and after” effect under UV light.

— The presentation materials were found to be too text-heavy. While the
slides conveyed correct scientific information, they lacked the visual

simplicity needed for accessibility.
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e Reflect
This iteration confirmed the strength of the activity concept while empha-
sizing the need for clearer visual communication. In response, the final
workshop design introduced side-by-side examples using both normal and
neon colors to visually reinforce the science behind UV light. Slide content
was revised to replace lengthy text blocks with photo-based illustrations
and step-by-step visual guides. These refinements aimed to lower cogni-
tive load, enhance attention, and maintain the experiential integrity of the
workshop—aligning with the broader design goal of integrating science into

art-based activities through intuitive, multimodal communication.

4.3.3 Structure and Flow
Day 1: Activity 1

Due to the booth format and time constraints, the standard 90-minute workshop
was condensed into a 45-minute session. While the activity remained grounded
in Kolb’s Experiential Learning Cycle, several adjustments were made to fit the

setting.

e Concrete Experience: Participants began by drawing freely on coffee
filters using multiple colors of Pentel Sign Pens. The filters were then folded
and placed in water to trigger capillary action. Compared to the original
session, this version placed greater emphasis on creative expression during

the initial drawing phase, with more color variation encouraged.

e Reflective Observation: As the ink dispersed, facilitators prompted par-
ticipants to describe what they saw, helping them notice how the water

affected different pigments.

e Abstract Conceptualization: A simplified explanation of “capillary ac-
tion” was provided using everyday analogies (e.g., how plants absorb wa-
ter). Paper chromatography was explained through diagrams, but the Chro-

matography Race component was omitted due to time constraints.

¢ Active Experimentation: Each participant created a single paper flower

from the filter, while there was no time to complete a bouquet.
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Figure 4.10 Activity 2 Framework

Day 2: Activity 2

This activity introduced a new scientific concept—fluorescence under ultraviolet

(UV) light—through art creation and hands-on experimentation, as shown in

Figure4.10:

e Concrete Experience: Participants began by picking and coloring a but-

terfly coloring card using both regular and neon Pentel Sign Pens. After

coloring, they cut out the shape in preparation for the next phase.

¢ Reflective Observation: Participants placed their colored butterfly into

a black box and illuminated it using a UV torch to observe how the neon

colors glowed compared to the regular inks. This direct visual comparison

emphasized the unique brightness of fluorescent materials.

e Abstract Conceptualization: Facilitator explained the concept of ultra-

violet light using everyday analogies like sun exposure and sunscreen, then

clarified how neon colors absorb UV light and reflect more visible light, cre-

ating a glowing effect. All six neon pen colors were compared for brightness

for participants to see the difference.

e Active Experimentation: Participants used thin and thick plastic straws

to assemble a simple flapping mechanism, bringing the butterfly to life. The

UV light was then used again to view the final moving artwork under fluo-

rescent conditions, reinforcing both the scientific and creative components.
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Figure 4.11 Activity 2 Material List

4.3.4 Material

The materials for Day 1, which is Activity 1, kept t shown in the earlier Figure4.5.
For Activity 2, illustrated in Figure4.11, participants used Pentel neon color brush
pens, black construction paper, and UV flashlights to create glowing butterfly
artworks that introduced principles of UV light and fluorescence in an engaging,

visually impactful way.

4.3.5 Workshop Environment

The workshop was conducted in a compact booth setting at the KMD Forum, with
a long table setup accommodating two participants per session, seated along one
long side. A facilitator sat opposite the participants to guide the activity. This
format allowed for focused, one-on-one or one-on-two interaction while maintain-
ing an efficient flow for walk-in visitors. As shown in Figure 4.12, both days shared
the same layout, with different materials on the table.

A total of eight sessions were held over two days—four sessions each day. While 16
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participants in total took part in the workshop, only 14 completed questionnaires,
resulting in 14 valid participant data sets (seven per day). This setup allowed
each participant to receive individualized support while enabling facilitators to

observe reactions closely within the limited booth space.

Figure 4.12  Workshop 2 venue setup: Day 1 (left) , Day 2 (right), seminar-style
setting.

4.3.6 Communication Strategies

Unlike Workshop 1, which focused on maintaining engagement among young chil-
dren through interactivity and guided explanation, Workshop 2 targeted a Gen
Z audience within the context of a bustling public exhibition. Given the booth-
based format and the high volume of competing stimuli at the KMD Forum, this
session prioritized emotional connection and memorable experience to stand out
and resonate with participants.

The primary challenge was to create a sense of fulfillment and personal meaning in
an activity often perceived as child-oriented. To address this, the communication
strategy centered on two key techniques: Interactive Discovery and Art Appre-
ciation. Together, these strategies aimed to activate emotional resonance and
personal investment, increasing the likelihood that Gen Z participants would con-

nect with the workshop content and remember the experience as both surprising
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and fulfilling.

Self-Discovery

Figure 4.13 Participants used ultraviolet torch by themselves to see the neon

colors glowing.

e Encoding
Participants were asked to uncover the science behind the visual effects, the
neon fluorescence under ultraviolet (UV) light, through hands-on experimen-
tation, as depicted in Figure4.13 Instead of providing a scientific explanation
at the outset, facilitators allowed participants to first experience the glow
effect themselves. This discovery-first approach aimed to generate curiosity,
emotional engagement, and a sense of wonder by allowing participants to

encounter the unexpected through direct interaction.

e Expected Decoding
The strategy anticipated that self-directed discovery would create stronger
emotional and cognitive impact than direct instruction. The surprise from
the UV glow effect was expected to trigger an AHA experience—a moment

of sudden insight and reward.
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Recent research links AHA moments to meta-cognitive prediction errors,
where outcomes exceed initial expectations [72]. Participants likely ap-
proach everyday objects with conventional assumptions, making the fluores-
cent transformation an unexpected revelation that shifts their perception of
hidden scientific properties. By having participants physically activate the
UV light before explanations, this approach aimed to maximize surprise-

driven memory encoding.

Figure 4.14 Participants capturing the glowing effect of their artwork with surprise

and curiosity, using their phones to document the moment.

e Actual Reception
Participants expressed visible surprise through their facial expressions and
gestures. As can be seen in Figure 4.14, some of them used their smart-
phones to photograph or record the glowing effect. Their enthusiastic reac-
tions suggest that the surprise-based discovery approach effectively captured
attention and created a memorable, emotionally resonant learning experi-
ence—even for an adult audience. This suggests the potential to expand the

target audience of such activities beyond children.
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Art Appreciation

e Encoding
The workshop design intentionally encouraged participants to recognize the
value of their creations by framing them as art pieces rather than simple
crafts. Each activity was structured so that the final artifact—whether a
neon butterfly or chromatography flower—was visually appealing, complete,
and easy to preserve or display. Participants were given the option to take
their creations home, reinforcing a sense of ownership and pride. This strat-
egy was applied across both activities, aiming to elevate the perceived value

of the scientific experience through artistic expression.

¢ Expected Decoding
It was expected that participants would take pride in their work and feel
emotionally connected to the outcome. Research demonstrates that the act
of creating art serves as a source of pride and enhances self-concept devel-
opment [73], while learning artifacts that make knowledge visible provide
opportunities for engagement and reflection. This sense of accomplishment
was anticipated to motivate them to keep the artifact, take it home, and
possibly share it with others. The act of preserving or displaying the cre-
ation would serve as a continued point of reflection on the experience and

the science embedded in the activity.

e Actual Reception
Many participants expressed enthusiasm and pride in their creations. Sev-

4

eral chose to take their work home, describing it as “cool” or “worth keep-
ing.” Notably, Figure 4.15 shared photos of their creations on social media,
suggesting personal investment and a desire to show others. However, not
all participants chose to take their artifacts home—indicating varied levels
of emotional connection or practical considerations—but the option itself
added a meaningful layer of self-reflection and appreciation to the workshop

experience.
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Figure 4.15 Participant shared the artwork from Day 1 to their social media

platform, showing their enthusiasm to their own work.

4.3.7 Questionnaire

In this session, participants only completed a post-questionnaire, as their age
group (Gen Z) was considered capable of providing independent and reliable feed-

back on both engagement and learning outcomes.

Participant Engagement

Workshop 2 demonstrated strong participant engagement through both behav-
ioral intentions and reflective feedback. Most participants expressed interest in
attending similar sessions, with many also indicating a desire to purchase the
materials used. While fewer showed strong interest in repeating the activity at
home, moderate interest was still present, suggesting the activity sparked broader
curiosity rather than simple repetition.

Reflective statements further confirmed positive engagement:
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e 71.4% agreed or strongly agreed that they would join another session in the

future.
e 64.3% said they would recommend the workshop to others.

e 64.3% also reported that their interest in science had increased.

Together, these findings indicate that Workshop 2 effectively captured partici-
pants’ interest and motivated continued exploration of science through creative

experiences.

Knowledge Acquisition

To evaluate actual knowledge gain, participants were asked to reflect on their un-
derstanding of the scientific principles both before and after the workshop within
a single post-workshop questionnaire. This retrospective approach allowed partic-
ipants to self-assess changes in their understanding of neon color and ultraviolet
light, as well as paper chromatography. As a reflection from the first workshop,
this questionnaire placed greater emphasis on learning inquiry to better assess
participants’ scientific understanding. As illustrated in Figure4.16, although the
participants were adults—assumed to have more baseline science knowledge than
children—many indicated limited familiarity with the concepts prior to the work-
shop. Their responses showed a clear shift toward greater understanding after the
activity, suggesting that the workshop effectively conveyed new scientific knowl-

edge.

In addition to the learning outcomes, participants also shared positive comments
about the final artifact, expressing satisfaction with the visual and creative as-
pects of their work. This indicates that the activity not only supported conceptual

learning but also provided a meaningful and enjoyable experience.

4.3.8 Workshop Insights
Emotional Engagement

Both communication strategies implemented in Workshop 2 successfully facili-

tated emotional engagement, particularly among adult participants. The Self-
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Figure 4.16 Self-reported understanding of the science concepts before and after
the workshop. The left chart shows increased familiarity with paper chromatogra-
phy, while the right chart indicates a similar shift in understanding of neon color

and ultraviolet light.

Discovery approach proved especially effective, as many participants expressed
surprise and delight when observing the neon fluorescence under UV light. This
reaction demonstrated that the activity resonated beyond the intended childlike
aesthetic and could also captivate a Gen Z audience. The sense of wonder sparked
by the hands-on discovery suggested that such playful formats hold strong poten-
tial for engaging adult learners in informal science contexts.

In contrast, the Art Appreciation strategy yielded more varied responses. While
some participants eagerly took their creations home or photographed them for
social media, others left their work behind. This variability appeared to stem
more from personal taste or the specific theme—such as a disinterest in butter-
flies or flowers—rather than the effectiveness of the communication design itself.
This highlights the importance of offering theme flexibility in future iterations to
better align with diverse participant preferences. Providing an optional display
space in future workshops may also offer participants more choices in how they
value and share their artifacts, accommodating both those who wish to take their

creations home and those who prefer contributing to a collective presentation.
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Adult Learning

Post-workshop questionnaires also revealed that several adult participants had
limited prior understanding of the scientific concepts, yet reported learning some-
thing new through the activities. This feedback underscores the untapped poten-
tial of art-based workshops to serve as informal science learning tools for adult

audiences.

Future Implementation

Moving forward, the workshop will be further developed with a stronger emphasis
on adult engagement. Adapting themes, incorporating deeper reflective elements,
and designing more conceptually flexible activities may enhance relevance and
cognitive impact. These refinements aim to not only sustain emotional connection

but also foster a clearer understanding of the scientific principles at play.

4.4. Workshop 3: Simplifying Abstract Science

4.4.1 Context

Workshop 3 was held on December 8, 2024, in the same basement event space
at BnA_WALL in Nihonbashi, Tokyo. This session targeted Gen Z participants
and featured a Christmas-themed activity centered on a more complex scientific
concept—acid-base reactions—designed to engage adult learners. As shown in
Figure4.17, two iterative test sessions were conducted to refine both the materials
and the clarity of the science explanation, ensuring the concept could be effec-
tively communicated to a non-expert audience. The festive theme and hands-on
format aimed to create a balance between seasonal creativity and deeper scientific
learning. Insights from this session provided valuable feedback on how to present

more advanced content in an accessible and engaging way for adult participants.
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Design lteration Participants Purpose
Iteration 1 Graduate School Peers Activity, theme, artifact
Iteration 2 Representatives from Partnerships Science explanation

Figure 4.17 Activity 3 Iteration Overview

4.4.2 Iteration
Iteration 1

e Design
The concept for Activity 3 was inspired by a combination of a homemade
lava lamp experiment and the aesthetics of a Christmas snow globe. The
activity was designed to explore the scientific principles of immiscibility
and acid-base reactions, blending science with a festive, visual theme. As
with previous sessions, the structure followed Kolb’s experiential learning
cycle, beginning with a small trial jar to introduce the science and followed
by creating a larger, Christmas-themed jar after participants gained basic
understanding. The goal was to maintain both visual appeal and scientific

clarity while encouraging seasonal creativity.

o Test
An internal trial was conducted with graduate school peers serving as stand-
in participants for the target Gen Z audience. This pilot aimed to test
the engagement level, clarity of the scientific content, and the appeal of
the final artifact. Additionally, it allowed the research team to experiment
with material selection, ensuring the components were both functional and

visually compelling.

e Evaluate
Feedback from the pilot indicated that the overall workshop structure was
effective, and the final artifact was well-received. Participants responded
positively to the hands-on process and the holiday theme. However, sug-
gestions were made to increase the range of decorative materials to enhance
creativity. It was also noted that the instructional slides could benefit from

additional visuals to clarify each step. In terms of material, It was also
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reported that the primary materials, baking soda and citric acid, were not
familiar terms to some participants. Therefore, it is important to provide
clear explanations of how these substances are commonly used in everyday
life to enhance relevance and understanding. Clearer guidance on the sci-
entific role of each material was also requested. Additionally, for the initial
small jar, participants emphasized the need to precisely control the amount

of liquid to avoid spills and improve the success rate.

e Reflect
This iteration highlighted the importance of visual clarity, material control,
and participant freedom in shaping an enjoyable learning experience. For
future versions, more visual aids will be integrated into the instruction to
reduce ambiguity, and specific guidelines on liquid measurements will be in-
cluded to improve consistency. Additionally, more attention will be given to
curating a wider variety of decorative options to enhance participant owner-
ship and engagement with the final artifact. Furthermore, greater emphasis
will be placed on contextualizing the scientific materials by explaining their
common uses in everyday life, thereby making the science more relatable

and accessible to participants.

Iteration 2

e Design
In response to feedback from the first iteration, the second round of develop-
ment focused on enhancing the clarity of science explanations through the
addition of visual aids and the use of everyday analogies. The revised slides
incorporated diagrams to explain the concepts of acid-base reactions and
immiscibility more clearly. Everyday materials like baking soda and citric
acid were introduced as examples, aiming to make the concepts more ac-
cessible. While the original examples were general, care was taken to avoid
overly abstract language and provide concrete, relatable visuals to support

participants’ understanding.

o Test

This iteration was tested with representatives from the project’s partner
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organizations, including BnA_WALL and Pentel. The focus was to verify
the clarity and flow of the updated content, particularly the revised science
explanations, and to observe whether the changes made the concepts easier

to grasp for a general audience.

e Evaluate
Feedback indicated that while the overall structure was effective, the sci-
ence explanations remained somewhat weak. Participants found the dia-
grams helpful but suggested that the visuals needed to be further developed
to better illustrate the chemical reaction process. Additionally, it was rec-
ommended to replace the generic examples with culturally familiar refer-
ences—for instance, substituting the oil-and-water example with oil floating
on ramen soup to enhance relatability for a Japanese audience. Reviewers
also recommended adding a small interactive demonstration to accompany

the explanation for better clarity and engagement.

e Reflect
This iteration underscored the importance of cultural context, visual com-
munication, and layered explanation strategies when introducing scientific
concepts to non-expert audiences. Moving forward, the workshop con-
tent will be further refined to incorporate metaphors and real-life imagery
grounded in Japanese daily life. Diagrams will be made more lively and
narrative-driven, and abstract terms will be introduced only with clear
analogies or demonstrations to ensure the science remains approachable and

meaningful.

4.4.3 Structure and Flow

The session was designed around Kolb’s Experiential Learning Cycle, as shown in
Figure4.18 to guide participants through a hands-on exploration of immiscibility

and acid-base reactions, integrated with a Christmas-themed crafting experience:

e Concrete Experience: Participants began by selecting a color and mixing
it with water, then pouring the colored water into a small transparent jar.
Baby oil was added on top, and the jar was shaken to initiate the visual

effect of oil and water separation.
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Figure 4.18 Activity 3 Framework

¢ Reflective Observation: Participants observed that the two liquids did
not mix and discussed what they noticed. The facilitator guided their ob-
servations by prompting them to describe the interaction between oil and
water. Bath bomb powder was then added, and participants watched the

effervescent reaction as bubbles formed in the jar.

e Abstract Conceptualization: The facilitator introduced the concept of
immiscibility, supported by visual diagrams and relatable examples (e.g.,
oil floating on ramen). The chemical components of bath bombs—baking
soda and citric acid—were explained, including where these materials are
found in daily life. The facilitator elaborated that the observed bubbling
results from an acid-base reaction, producing carbon dioxide gas when both
substances interact with water. This explanation was reinforced through a

second guided mini-demonstration with a balloon.

e Active Experimentation: After understanding the science, participants
created their own Christmas-themed lava jars. They selected holiday dec-
orations to attach to the exterior of the jar and then repeated the initial
experiment—this time replacing the bath bomb with individually measured
baking soda and citric acid. Participants also had access to a broader selec-
tion of decorative materials, including glitter, bows, and stickers, allowing
them to personalize their creations and reinforce the science concept through

creative expression.
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4.4.4 Material

Figure 4.19 Workshop 3 Table Setup

The material list is shown in Figure4.19. Figure4.20 shows how the materials
were setup on the day. The use of familiar materials such as baby oil, baking soda
and bath bomb ingredients emphasized that science can be explored through sim-
ple, everyday items. To enhance the sensory experience while maintaining prac-
ticality, edible substances like vinegar and cooking oil were intentionally avoided
due to their strong odor and perishability. Instead, non-edible alternatives such
as cosmetic-grade baby oil and craft-use citric acid were selected to preserve the
visual appeal and longevity of the final artifact. This hands-on, creative process
allowed participants to intuitively grasp abstract concepts like immiscibility and
chemical reactions, reinforcing the idea that science is both accessible and embed-

ded in everyday experiences—even for those without prior scientific knowledge.
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Figure 4.20 Activity 3 Material List

4.4.5 Workshop Environment and Attendance

Figure 4.21 shows the the setup for Workshop 3, which mirrored Workshop 1,
taking place in the same basement event space at BnA_WALL and utilizing a
similar venue arrangement. A long table was prepared, with four participant
seats on each side to accommodate the activity. One extra table was used for
participants to use glue gun. However, unlike Workshop 1, this session targeted
Gen Z participants and did not include parental observation. All seven registered

participants attended, resulting in seven valid data points for the study.
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Figure 4.21 Workshop 3 Layout Plan

4.4.6 Communication Strategy

Because Workshop 3 targeted Gen Z participants and introduced a more com-
plex scientific concept—immiscibility and acid-base reactions—the communica-
tion strategy prioritized clarity and relatability. The primary objective was to
make abstract concepts easier to grasp and to shift participants’ perception of
science from being distant or difficult to something observable and relevant in
everyday life.

To achieve this, the workshop incorporated visually engaging diagrams and info-
graphics that broke down the scientific process into accessible steps. Additionally,
everyday examples—such as oil floating on ramen or the fizzing effect in bath
products—were used to contextualize the science, making it more memorable and
culturally resonant. These strategies helped translate abstract ideas into tangible
understanding, allowing participants to connect with the content both intellectu-

ally and emotionally.

Infographic

e Encoding

To support comprehension of complex scientific concepts, two key infograph-

72



4. Validation 4.4. Workshop 3: Simplifying Abstract Science

ics, referring Figure4.22, were used—each illustrating one of the workshop’s
main scientific principles: immiscibility and acid-base reactions. The in-
fographics incorporated personification to simplify abstract ideas, such as
portraying oil and water as characters that refuse to mix, or acid and base
as playful opposites that react when combined. These visual tools were

designed to make invisible scientific processes more relatable and easier to

visualize.
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Figure 4.22 Infographic A illustrates immiscibility of oil and water; Infographic

B shows an acid-base reaction producing CO.

e Expected Decoding
It was expected that the use of infographics would help participants build
clearer mental models of the underlying science, as research demonstrates
that presenting information in a visual manner decreases the cognitive load,
or "mental energy,” required to interpret information [74]. By represent-
ing abstract phenomena through storytelling and familiar imagery, the in-
fographics aimed to reduce cognitive load and make learning more intu-

itive—especially for those without a strong science background.

e Actual Reception
According to the post-workshop questionnaire, 6 out of 7 of the participants
identified the infographics as the most effective element for learning, ranking
them above both the hands-on experiments and verbal explanations. This
response suggests that the visual aids successfully enhanced understand-
ing, particularly by translating technical concepts into accessible, engaging

narratives.
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Relatability

e Encoding
To make the scientific principles more approachable, the workshop inte-
grated culturally relevant and everyday examples into the explanation of
each concept. For immiscibility, salad oil and ramen soup were used as
familiar references to illustrate how oil separates from water. For the acid-
base reaction, participants learned that baking soda is commonly used in
making muffins, and citric acid is present in many drinks found in Japanese
convenience stores. Both are shown in Figure 4.23 The reaction was also
linked to household uses like cleaning and creating carbonated drinks. These

examples helped anchor abstract concepts in participants’ daily experiences.

Figure 4.23 Real-life examples of immiscibility (left) and acid-base use in cleaning
and food (right).

e Expected Decoding
The strategy aimed to shift participants’ perception of science from some-
thing distant and academic to something present in their everyday lives. .
By connecting scientific ideas to ordinary items and activities like ramen
soup and convenience store drinks, the workshop intended to foster a sense
of relevance and accessibility, as culturally responsive science curriculum al-
lows students to connect the material to their own lives and experiences,

which facilitates deeper learning [75].

e Actual Reception
Post-workshop feedback revealed that participants gained a clearer under-

standing of the science behind bath bombs—specifically the roles of baking
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soda and citric acid in producing the fizzing reaction. This concrete example
helped demystify abstract chemical concepts. As a result, participants re-
ported that science felt more relatable and embedded in their everyday lives,
enhancing their appreciation for how basic scientific principles are present

in common household products.

4.4.7 Questionnaire

In Workshop 4, the questionnaire focused more on identifying which components
of the workshop participants found most memorable and effective, while also gaug-
ing their perceived learning before and after the session. This shift was intended
to assess not only emotional engagement but also cognitive gain and comprehen-

sion.

Participants Engagement

Participants reported high levels of emotional and motivational engagement. A
majority expressed strong agreement that they would recommend the workshop to
others and attend a similar session in the future. Additionally, several respondents
indicated that their interest in science had increased after the session. Notably,
over half of the participants showed enthusiasm for purchasing the materials used
in the workshop, suggesting that their engagement extended beyond the session

itself and translated into tangible follow-up interest.

Knowledge Acquisition

As illustrated in Figure4.24,the infographic explanation of oil and water was se-
lected by the majority of respondents as the most helpful learning aid. This
contrasts with findings from Workshop 1, where live demonstrations were more
commonly cited as impactful. This shift suggests that as the scientific content
becomes more complex—or the participant group more mature—visual aids may
better support conceptual understanding than verbal explanation alone.

Post-workshop reflection questions further supported this. Participants showed

clear gains in their reported understanding of immiscibility, acid-base reactions,
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and ingredient functions, with before-and-after self-assessments shifting noticeably
toward “I have some knowledge.” These gains reflect the importance of pairing
clear visual explanations with hands-on experience, especially when dealing with
abstract or layered scientific concepts.

Together, these findings suggest that for middle or older audiences, visual clarity
plays an increasingly central role in facilitating learning. Future workshops should
consider prioritizing infographic or diagram-based materials alongside interactive

components to optimize both understanding and sustained engagement.

Vierbal Explanation
5%

Figure 4.24 Pie chart of the question: Which part of the workshop do you feel

was the most effective for your learning?

4.4.8 Workshop Insights
Accessible Science Communication

Workshop 3 reinforced that sci-art activities can effectively engage adult audi-
ences. Infographics proved highly effective, even more than demonstrations, in
helping participants understand complex science concepts. Everyday examples,
such as ramen oil or convenience store drinks, successfully connected abstract

ideas to familiar contexts, making science feel more approachable.

Future Implementation

However, feedback also revealed a limitation in the artifact design. While partic-

ipants enjoyed the hands-on process of making the Christmas-themed lava lamp,
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some noted that the visual effect faded quickly after the workshop, making it dif-
ficult to preserve as a lasting memento. This points to a trade-off between expe-
riential impact and artifact sustainability—an important consideration for future
iterations. Future designs may explore ways to extend the life of the outcome or
offer a takeaway element that retains emotional value and scientific meaning over

time.

4.5. Workshop 4: Family Learning and Collabo-

ration

4.5.1 Context

Workshop 4 marked the most significant shift in format compared to previous ses-
sions. Unlike earlier workshops, which were all facilitated directly by the primary
researcher, this session adopted a decentralized facilitation model to accommo-
date a larger audience and test the scalability of the design. The workshop took
place on October 14, 2024, during iPark Fiesta—an annual public event hosted
by Shonan iPark that attracts a diverse range of visitors from families to science
enthusiasts.

To manage the increased capacity and broaden the facilitation approach, the ses-
sion was divided into five rounds, each featuring three simultaneous participant
groups. Poster was created to inform the visitors about the schedule, shown in
Figure4.25. Participants who wished to join the workshop were given a numbered
ticket upon sign-up, which corresponded to their assigned group and round. Each
group was led by a trained facilitator supported by at least one supporter. All
facilitators and supporters received a dedicated training session conducted by the
primary researcher to ensure consistent delivery and adherence to the core com-
munication strategies of the project.

This workshop reused Activity 1, the coffee filter art session, which had already
undergone multiple rounds of iteration and refinement. Therefore, no further
iteration was conducted this time. However, a key modification was introduced:
instead of taking their creations home, participants were invited to contribute their

artwork to a large-scale collaborative installation. This shift aimed to explore new
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dimensions of collective engagement and foster a shared sense of accomplishment
among participants. The resulting installation became a visual representation of
the event’s community-driven spirit and offered a different form of post-workshop
impact—one centered on collective identity and contribution rather than individ-
ual takeaway.

Through this evolved format, Workshop 4 tested the adaptability of the Sci-Art
activity in a high-traffic, public setting while introducing collaborative creation as
a new outcome model. Insights from this session contributed to evaluating the re-

producibility of the workshop design and the effectiveness of delegated facilitation.
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Figure 4.25 Poster for Workshop 4, showing the 5 rounds of workshop.

4.5.2 Facilitator Training

To ensure that participants can engage with the activity smoothly and fully un-
derstand the materials, it is essential for facilitators to have a thorough grasp
of both the workshop content and the scientific concepts involved. To support

this, a detailed training session was conducted prior to the event. The session
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was designed to familiarize facilitators with the workshop flow, materials, and
key communication strategies through clear explanations and hands-on demon-
stration. This preparation helped ensure consistency in facilitation quality and
allowed facilitators to guide participants confidently and effectively throughout

the session.

e Research and Design Background
Introduced the purpose of the workshop as part of a design research project.
Emphasized the importance of communicating not just activity steps, but

also the underlying scientific and engagement goals.

e Activity Overview
Explained the workshop content, materials, and objectives, including how
the activity promotes collaborative participation and informal science learn-

ing.

e Shift Scheduling
Provided an overview of the event schedule. Facilitators could select their

preferred shift (morning or afternoon) based on availability.

e Visitor Flow and Onsite Roles
Briefed on expected visitor flow during the public event and outlined respon-
sibilities beyond facilitation, such as welcoming participants and managing

transitions.

e Session Structure
Walked through the full flow of a single session—from participant arrival
and consent form handling to pre- and post-activity tasks like distributing

and collecting questionnaires.

e Step-by-Step Demonstration
Conducted a live walkthrough using actual materials. One facilitator acted
as a mock participant while others observed. Included detailed explanations
of the scientific principles to ensure all facilitators could confidently explain

the content.
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¢ Key Reminders from Past Iterations
Shared essential facilitation tips based on prior iterations—what works, what

to avoid, and how to maintain an engaging and effective experience.

e QA and Individual Support
Concluded with a QA session. Facilitators with additional questions received

one-on-one clarification as needed.

4.5.3 Structure and Flow

Workshop 4 followed a similar structure to Workshop 2, Day 1, adapting the
original 90-minute coffee filter art activity into a 45-minute booth-style session.
Grounded in Kolb’s Experiential Learning Cycle, the format was modified to fit

the flow of the public event while emphasizing collective engagement.

e Concrete Experience: Participants began by freely drawing on coffee
filters using a variety of Pentel Sign Pen colors. The filters were folded and
placed in water, initiating capillary action. This stage encouraged individual

expression and exploration of color mixing.

¢ Reflective Observation: As the colors spread, facilitators prompted par-
ticipants to observe and describe the changes, helping them focus on how

different pigments reacted to water.

e Abstract Conceptualization: A simplified explanation of “capillary ac-
tion” was provided using everyday analogies (e.g., how plants absorb wa-
ter). Paper chromatography was explained through diagrams, but the Chro-

matography Race component was omitted due to time constraints.

e Active Experimentation:Instead of taking their creations home, partic-
ipants contributed their paper flowers to a large shared canvas, creating a

collaborative art piece that visually represented the event’s collective spirit.

4.5.4 Material

The main materials used in the workshop are shown in Figure 4.5. As a token of

appreciation for their contribution to the collaborative artwork, all participants
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Figure 4.26 Material list of the take-away for participants from Workshop 4.

received a take-home workshop kit (Figure 4.26). In addition to essential materials
such as coffee filters, the kit included a specially designed pamphlet that provided
step-by-step instructions shown in Figure4.27 and reinforced the scientific con-
cepts introduced during the session, extending the educational impact beyond the

workshop itself.

4.5.5 Workshop Environment and Attendance

Workshop 4 was conducted in a meeting room within the Shonan iPark venue as
part of the annual iPark Fiesta. The room was arranged with three long tables,
each designed to accommodate up to six participants. The layout was optimized
for a parent—child format, with each table intended to host three parent—child
pairs. However, the setup allowed for flexible groupings based on family struc-
ture. For example, in cases where a family had two children, both children could
participate while the parent observed, adapting the session to meet the needs of
diverse family dynamics. As shown in Figure4.28,each group was assigned a num-
ber, and participants were seated according to the number on their ticket.
Facilitators and supporters were assigned to each table, ensuring that every group
received sufficient guidance and assistance throughout the session. This arrange-
ment allowed for collaborative learning and ensured the environment remained
supportive, interactive, and family-friendly.

A total of 41 groups participated in the workshop across five rounds, enabling

broad engagement while preserving the intimate, hands-on nature of the activity.
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Figure 4.27 Workshop 4 pamphlet design, including the steps of the activity and

the science knowledge from the activity.

4.5.6 Communication Strategy

Because Workshop 4 was conducted as part of a large public event, the communica-
tion strategies were designed to maximize accessibility and collective engagement.
The first strategy, Multimodal Instructional Materials, provided facilitators with
illustrated manuals that combined visual diagrams, simple language, and step-by-
step guidance. This ensured consistent and understandable science explanations
across a broad audience, including children and adults unfamiliar with scientific
concepts.

The second strategy focused on Collaborative Framing—shifting from an individ-
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Figure 4.28 Workshop 4 Layout Plan

ual take-home activity to a shared art installation. This approach encouraged
participants to view their creations as part of a larger collective work, reinforcing
a sense of contribution and community. It also allowed public visitors to see the
cumulative impact of the workshop, expanding its influence beyond individual
participation. Together, these strategies aimed not only to make science more
approachable, but also to showcase the potential of integrating art and science in

a public, socially meaningful context.

Multimodal Instructional Materials

e Encoding

To support facilitators and ensure participants could clearly understand
both the activity process and the underlying science, a set of printed manuals
was developed. These materials were designed with a multimodal approach,
combining text, diagrams, and step-by-step photos to accommodate a range
of learning preferences and facilitate consistent explanation across all ses-
sions.

The manual consisted of three double-sided sheets, each serving a specific

purpose aligned with Kolb’s Experiential Learning Cycle:

— Sheet 1: Workshop Steps
This sheet shown in Figure4.29 focused on the hands-on activity and
was divided into two parts. Front side illustrated the Concrete Experi-
ence phase—drawing on the coffee filter and initiating capillary action

and paper chromatography—while the back side guided the Active Ex-
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perimentation phase, showing how to transform the colored filters into
paper flowers. Clear visuals and numbered steps supported participants

and facilitators alike in navigating the process smoothly.
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Figure 4.29 Sheet 1: Front (left) and back (right).

— Sheet 2: Water (Capillary Action)
This sheet shown in Figure4.30 corresponded to the Reflective Obser-
vation and Abstract Conceptualization phases. One side featured the
keyword “Water” along with guiding answer to prompt participant ob-
servation. When flipped, the reverse provided a simple explanation of
capillary action, using daily life analogies (e.g., water rising in plant
stems, cotton pads absorbing liquid) to help participants connect the

scientific term to familiar experiences.

— Sheet 3: Color (Paper Chromatography)
Similarly structured, this sheet shown in Figure4.31 supported observa-
tion and explanation around color separation. One side labeled “Color”
invited participants to observe how pigments moved and changed, while
the reverse explained the concept of paper chromatography. Again, re-
latable examples and visual metaphors were used to clarify the mech-

anism in an approachable way.

These instructional materials were carefully iterated based on insights from
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Figure 4.31 Sheet 3: Front (left) and back (right).

previous workshops, where visual aids and familiar contexts were found to
significantly enhance understanding. By providing facilitators with struc-
tured yet flexible teaching tools, the workshop ensured that both scientific
content and creative engagement could be delivered effectively, even in a

fast-paced, public-facing environment.

e Expected Decoding
It was anticipated that facilitators would actively refer to the manual through-
out the session—pointing to specific images or diagrams to explain scientific
concepts in a consistent and accessible way. Participants, including children
and their caregivers, were expected to engage with the manual visually, us-

ing it to support their understanding of both the creative process and the
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underlying science.

e Actual Reception

The manual was widely used by facilitators during the session as shown in
Figure4.32, especially during the explanation phases, where it helped struc-
ture their narration and provided helpful visual cues. Facilitators reflected
that it was particularly effective in guiding them to use appropriate analogies
and maintain consistency in scientific explanation. However, post-workshop
questionnaire responses from parents indicated that many still found facili-
tators’ verbal explanations to be more effective than the manual alone. This
suggests that while the manual was a helpful tool, its impact was greatest
when integrated with live facilitation, highlighting the importance of com-
bining material support with interactive communication.

Beyond its in-session function, the manual was also utilized by visitors

Figure 4.32 Facilitator using the manual to explain capiliary action to the parit-

icipants.

who passed by the workshop space and expressed curiosity about the ac-
tivity. It provided them with a quick overview, helping them understand
what was happening inside. Some visitors even took photos of the man-
ual and inquired whether the activity could be replicated at home using
the guide—demonstrating its effectiveness as a communication tool that ex-

tended the workshop’s reach beyond direct participants.
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Collaborative Framing

e Encoding
Instead of allowing participants to take their flowers home—as done in pre-
vious workshops—they were invited to contribute their creations to a large,
shared canvas placed prominently at the center of the room. This canvas
was positioned to face the entrance and could be seen by people passing
by through the glass doors, making it both a focal point and an evolving
public installation. Facilitators framed this final step of the workshop as an
opportunity to “leave a trace” in a collective science-art piece, symbolizing
shared memory, community engagement, and the integration of creativity

with scientific exploration.

e Expected Decoding
It was expected that participants would feel a sense of pride and belonging
by adding their work to a visible, collective creation. Additionally, the public
visibility of the canvas was designed to attract interest from other visitors,
potentially encouraging spontaneous engagement and curiosity from those

who had not initially planned to participate.

e Actual Reception

Most participants expressed excitement and pride in contributing to the
collaborative canvas, captured by Figure4.33 The growing artwork drew at-
tention from passersby, some of whom inquired about the activity and how
to join—demonstrating its success in attracting new interest. However, a
few participants showed a strong preference to bring their creations home
instead, which was accommodated by providing a take-home workshop kit
containing materials and instructions.

Furthermore, a notable pattern emerged: participants who joined later in
the day, when the canvas was already partially filled, appeared more en-
thusiastic about contributing, suggesting that the visual impact of others’
contributions positively influenced willingness to engage in the communal
format. This highlights the value of visible social proof in promoting col-
lective participation, while also acknowledging the need to balance personal

ownership with shared experience.
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Figure 4.33 Participants contributing their own work to the big canvas, making

it a collaborative installation.

4.5.7 Questionnaire

Questionnaire Form Target Purpose

Pre-workshop Online Parent-child Establish baseline:
prior science interest,
self-perception,
expectations

Post-workshop (Children) Online Children above 7 Measure enjoyment,
feasibility, and
preferred learning
methods

Post-workshop children Physical Children 4-7 Assess enjoyment
(Children 4-7) and basic feasibility
using Smileyometer

Post-workshop (Guardians) | Online Parent Gauge perceptions of
child’s learning and
engagement

Figure 4.34 Workshop 4 Questionnaire Overview

As depict in Figure 4.34, four different questionnaires were distributed across
pre- and post-workshop stages to accommodate a variety of family dynamics and
participant age groups. Parents were encouraged to assist their children in com-
pleting the forms when needed, particularly for younger participants. The aim
was to gather a comprehensive understanding of which aspects of the activity

were most effective—both in terms of engagement and learning outcomes. Each
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questionnaire was labeled using a coded system based on time slots and numbered

tickets to ensure accurate tracking and analysis.

Participant Engagement

The questionnaire results demonstrate a high level of engagement and satisfac-
tion among participants. When asked if they would like to participate in a similar
"Sci-Art” event in the future, 92.9% answered ”definitely yes,” indicating a strong
desire for continued involvement. Similarly, 88.9% of participants expressed inter-
est in recreating the activity at home, suggesting that the workshop successfully
sparked long-term interest beyond the session itself.

Participants also felt a personal connection to the activity. Open-ended responses
highlighted repeated use of positive terms such as "It was fun®, ”I want to do it
again”, and "It was fun to make something“. One parent mentioned “Although
my child is six years old, they seemed to really enjoy it. The mysterious experience
made them curious about why it worked”. This qualitative feedback supports the
quantitative findings and illustrates the emotional and motivational impact of the

workshop.

Knowledge Acquisition

The workshop also proved effective in fostering science-related learning. In re-
sponse to whether participants felt they had learned something new through the
workshop, 74.1% answered "learned a lot” and 18.5% said ”learned somewhat.”
Additionally, 74.1% of respondents agreed that the activity increased their interest
in science, demonstrating the workshop’s potential to enhance scientific curiosity.
When asked what contributed most to understanding the scientific concepts, the
majority (64.3%) selected “actually doing the activity,” followed by “explanations
from staff” (25%). This underscores the effectiveness of hands-on, inquiry-based
learning in informal education settings.

Furthermore, 64.3% reported that the mechanisms and reasoning behind the ac-
tivity were “very easy to understand.” Supporting this, another multiple-choice
question revealed that participants found the following aspects helpful for under-

standing:
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e Avoiding difficult terminology (75%)
e Visualizing changes with their own eyes (57.1%)
e Connecting explanations with hands-on actions (42.9%)

These findings suggest that the workshop successfully communicated complex
scientific principles in an age-appropriate and accessible manner. The use of visual
aids, interaction, and simple language contributed to making abstract ideas more

tangible for the participants.

4.5.8 Workshop Insights
Parent-child

Workshop 4 revealed the unexpected strength of the parent—child collaboration
model. Many parents naturally took on a facilitator-like role, helping their chil-
dren understand instructions, refocus their attention when distracted, and even
explain some of the scientific content using everyday language. This organic sup-
port proved especially effective with younger children, some of whom struggled
to remain engaged throughout the session but benefited from their guardian’s in-
volvement.

The findings suggest strong potential for further developing the workshop into a
home-based parent—child activity, where parents could be equipped with a facil-
itator kit to guide their children independently. While the printed manual was
helpful for structuring the session, observations and feedback indicated that ver-
bal guidance from facilitators remained essential, especially when interpreting the
science behind the activity. This underscores the importance of integrating in-

structional materials with active human facilitation.

Collaboration

The collaborative art installation at the end of the session was also well received,
successfully fostering a sense of shared accomplishment. However, some partic-

ipants were unsure how or where to contribute their work. This points to an
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opportunity for improvement—such as incorporating more interactive elements
like color-coded areas or fill-in zones—to encourage fuller participation and en-

hance motivation to engage with the final artwork.

Conclusion

Overall, Workshop 4 demonstrated that combining family interaction, hands-on
creativity, and guided explanation can create a rich and flexible science learning
experience. Future work can focus on strengthening this dynamic, enhancing facil-
itator support tools, and designing more participatory elements for collaborative

art outcomes.

4.6. Summary

Chapter 4 presented a detailed account of four workshops conducted as part of
the Sci-Art project, each serving as a user test to evaluate the effectiveness of dif-
ferent communication strategies, activity structures, and participant experiences
in informal science learning environments.

Workshop 1 served as the initial pilot session, focusing on young children and
observational facilitation by guardians. It went through several iterations to re-
fine the workshop flow and confirm the accessibility of scientific content through
hands-on art activities. This session provided foundational insights into partici-
pant behavior, facilitator roles, and age-appropriate engagement strategies.
Workshop 2, held at KMD Forum, introduced two different activities across two
days under a walk-in booth format. Aimed at Gen Z participants, this setting
tested how “Sci-Art” activities perform in short-format public exhibitions. The
workshop emphasized emotional engagement through strategies such as Interac-
tive Discovery and Art Appreciation. Insights revealed that while surprise-driven
discovery was effective in capturing attention, art-related themes needed flexibil-
ity to appeal to diverse preferences.

Workshop 3 targeted adult learners and introduced a more conceptually complex
science theme using Christmas-themed lava lamp experiments. The communica-

tion strategy focused on visual infographics and relatable daily-life examples to
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simplify abstract scientific concepts. Iterative testing revealed the importance of
cultural context, clarity of material use, and visual instruction in promoting un-
derstanding and retention.

Workshop 4, the final session, was held at a large public science event and
adapted the previously refined Activity 1 for a collaborative parent—child format.
It introduced a collective art-making element and distributed printed manuals
to support both facilitators and families. This session highlighted the value of
parental involvement in guiding children’s learning and showed potential for de-
veloping the activity into an at-home science education kit. Feedback also un-
derscored the importance of facilitation in complementing instructional materials
and the opportunity to improve participation in collaborative installations.
Across all four workshops, key strategies such as multimodal communication, ex-
periential learning, guided facilitation, and social framing were tested and refined.
These findings collectively inform how science-art activities can be designed to
engage diverse audiences, from children to adults, in meaningful, inclusive, and
enjoyable learning experiences. These findings set the foundation for Chapter 5,

where they are discussed in relation to prior research and future applications.
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Chapter 5
Discussion and Future Works

5.1. Overview of the Evaluation

The research goal of this project is to foster awareness, engagement and interest
of science among young generation especially people without science background.

The three main research questions are:

e RQ1: How can art-based workshops be designed to enhance science engage-

ment among non-scientific audiences?

e RQ2: How can science communication strategies, particularly encoding
techniques, be tailored within art-based workshops to support clearer un-

derstanding and reduce communicative “noise”?

e RQ3: How do art-based activities influence participants’ ability to become

more aware of, engaged with, and interested in science topics?

5.2. Individual Workshop Findings

The following section synthesizes key findings from all four workshops, examin-
ing how different communication strategies influenced participant engagement,
learning outcomes, and overall reception. A summary of the communication ap-
proaches, questionnaire insights, and reflective takeaways for each workshop is
presented in Figure 5.1.

In Workshop 1, the combination of questioning and guided observation with inter-
active demonstrations effectively engaged young participants, while also revealing

the potential for adult involvement through observation-based learning. Workshop
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2 utilized a self-discovery approach paired with art appreciation to foster emo-
tional connection and conceptual understanding among adults, highlighting the
potential of art-based formats for informal adult science learning. In Workshop
3, infographic-based explanations and culturally relatable examples supported
conceptual clarity and prompted a noticeable shift in participant perception, em-
phasizing the value of multimodal materials in communicating abstract scientific
ideas. Finally, Workshop 4 employed multimodal instructional materials and col-
laborative framing to enhance accessibility and understanding of scientific content,
particularly through dialogic exchanges between parents and children, suggesting

a promising model for intergenerational science communication.

Figure 5.1 Summary of each workshop’s communication strategy, questionnaire,

and insights

5.3. Cross-Workshop Synthesis

5.3.1 Communication Strategy Effectiveness

Across the four workshops, diverse communication strategies were tested to im-
prove scientific understanding and engagement among non-scientific audiences.
Strategies such as guided questioning (WS1), self-discovery (WS2), relatable in-
fographics (WS3), and multimodal instructional materials (WS4) all aimed to
reduce communicative "noise” and support clearer decoding of scientific con-
tent. Infographics paired with culturally familiar visuals in WS3 were particu-
larly effective in improving conceptual clarity, especially for abstract topics like

immiscibility and acid—base reactions. In contrast, guided demonstrations in WS1
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helped sustain curiosity and participation among children, while WS4’s combina-
tion of visuals, language, and hands-on interaction fostered accessibility across age
groups. These findings suggest that encoding strategies grounded in interactiv-
ity, cultural familiarity, and visual clarity consistently enhanced communication

outcomes across the workshops.

5.3.2 Multigenerational Engagement

While the workshops were initially designed with children in mind, feedback and
observations revealed strong engagement from adult participants as well. In WS2
and WS3, adults expressed curiosity, asked questions, and reflected on their own
learning—particularly when the content was framed through sensory or familiar
contexts. This highlights the untapped potential of science-art activities to engage
older audiences through informal learning. These observations support the need
for more adult-inclusive formats that encourage lifelong learning and make science
approachable beyond childhood education settings. Designing workshops with
flexibility in content delivery and activity framing may help ensure relevance and

accessibility for a wider demographic.

5.3.3 Symbolic and Cultural Framing

Many of the science communication strategies employed drew from participants’
everyday cultural experiences. In WS3, for example, ingredients like ramen soup
and convenience store drinks were used to illustrate scientific principles, anchoring
abstract concepts in familiar and culturally meaningful symbols. This approach
aligns with the theory of symbolic interactionism, which suggests that people
construct meaning through shared symbols and social context. By using culturally
resonant examples, the workshops helped participants relate science to their own
lives, thereby increasing interest and understanding. These results suggest that
culturally contextualized framing is not only effective in enhancing clarity but also

in generating a sense of relevance and personal connection to science.
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5.3.4 Dialogic Learning and Interpersonal Meaning-Making

Participant observations, particularly in WS4, demonstrated the importance of
interpersonal communication in facilitating learning. In several cases, parents
engaged in dialog with their children to co-interpret scientific phenomena, using
their own language and examples to reinforce understanding. This reflects the
principles of dialogic communication, where learning is a mutual and evolving
process shaped by interaction rather than one-way transmission. These moments
of conversation and shared discovery enabled participants to build meaning col-
laboratively, reinforcing key concepts and expanding their comprehension. Such
interactions reveal the potential of science workshops not only as individual learn-
ing experiences but also as relational spaces that foster co-learning and emotional

engagement through dialogue.

5.4. Reframing Workshops as Science Communi-

cation Media

While the workshops in this study were originally designed as informal learning
experiences, their outcomes suggest a broader function: they operate as participa-
tory media formats that frame, repackage, and communicate scientific knowledge
to non-scientific audiences. Rather than delivering fixed content in a traditional
pedagogical structure, these workshops created spaces for collaborative meaning-
making, cultural relevance, and sensory engagement. Through this lens, each
workshop functioned as a communication experiment, testing how science can be
emotionally, visually, and socially decoded by diverse participants.

This reframing aligns directly with the study’s research questions. First, in terms
of RQ1:how art-based workshops can be designed to enhance science engagement,
the findings show that incorporating elements such as everyday materials, hands-
on activities, and relatable visuals increases accessibility and interest. Participants
across age groups, particularly adults, expressed emotional resonance and curios-
ity when engaging with creative, science-infused tasks. This shift demonstrates
that design decisions rooted in participatory interaction and symbolic familiarity

can foster deeper engagement with science beyond formal educational settings.
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Secondly, in relation to RQ2, the workshops illustrate how communication strate-
gies, especially encoding techniques, can be tailored to reduce “noise” and clarify
scientific meaning. The strategic use of infographics, culturally familiar examples
(e.g., ramen broth, convenience store drinks), and storytelling helped clarify com-
plex concepts like immiscibility and acid-base reactions. These methods worked
not only to simplify content but also to reinforce participants’ confidence in inter-
preting it. The encoding was intentionally designed to align with the audience’s
lived experiences, ensuring that the message reached its target more effectively
and with minimal loss.

Lastly, regarding RQ3, the workshops revealed that art-based activities signif-
icantly influenced participants’ awareness, curiosity, and perception of science.
Many participants reported learning something new, experiencing a shift in how
they viewed science—from something abstract and academic to something ap-
proachable, artistic, and emotionally resonant. These shifts were particularly
evident in spontaneous comments, visual outputs, and follow-up conversations.
The workshops reframed science not only as knowledge, but as an experience:
something felt, co-created, and socially understood.

In sum, by functioning as communication experiments rather than simply educa-
tional interventions, these workshops demonstrated the power of art-based formats
to act as inclusive, emotionally engaging, and culturally situated media. This per-
spective positions design not just as a method of instruction, but as a strategy for

shaping public understanding of science in more diverse, human-centered ways.

5.5. Limitations

While the findings of this study offer valuable insights into the potential of art-
based workshops as science communication media, several limitations must be
acknowledged. These limitations relate to methodological design, participant di-

versity, interpretive scope, and the inability to assess long-term impact.

5.5.1 Methodological Limitations

As a design-based research project situated in real-world environments, the work-

shops were subject to contextual variables that affected consistency. Although
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standardized facilitation protocols and materials were implemented across work-
shops, minor differences in facilitator tone, group size, and environmental condi-
tions may have influenced participant engagement and outcomes. Additionally,
due to the exploratory and practice-oriented nature of the study, most of the
data was qualitative or self-reported, which limits the ability to draw firm causal
conclusions. While questionnaires and observations provided rich insight into
engagement and understanding, they were not triangulated with more rigorous
assessment tools, such as pre/post testing or cognitive interviews, which could

have further strengthened the evaluation.

5.5.2 Participant Diversity and Representativeness

The participant pool was limited in size and demographic diversity, primarily in-
volving families with young children or local community members already inclined
to attend public workshops. Adult participants, though present in each session,
were fewer in number and often secondary to the children they accompanied. As a
result, findings about adult engagement and learning—though promising—remain
preliminary. In addition, cultural context (urban Japan) played a significant role
in framing content and participant response. Therefore, the insights drawn from
this group may not be broadly representative of other populations with different

cultural, linguistic, or educational backgrounds.

5.5.3 Longitudinal Impact and Interest Retention

One significant limitation was the inability to track participants’ long-term in-
terest in science following the workshops. While many participants expressed
enjoyment and curiosity during the sessions, there was no structured mechanism
to assess whether these experiences translated into sustained interest, further ex-
ploration, or educational choices. The workshops offered an initial spark of en-
gagement, but without follow-up contact, the extent to which this spark persisted
remains unknown. Future research could incorporate longitudinal methods, such
as post-event surveys or interviews, to better understand the lasting impact of

informal science-art interventions.
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5.6. Future Work

5.6.1 Expansion of Audience and Format

Future iterations of the workshops could be extended to reach more diverse de-
mographics, including inter-generational audiences, rural communities, and stu-
dents in formal educational settings. Adapting delivery formats to suit different
age groups, learning environments, and accessibility needs, while preserving the
workshops’ creative, participatory core, would allow the model to be scaled and
adapted across a wider range of contexts.

Additionally, collaborative installations such as the one piloted in WS4 demon-
strate potential for transforming short-term workshops into sustained, community-
driven science engagement platforms. These large-scale, co-created artifacts invite
broader participation and foster a sense of shared ownership, making science more

visible and integrated into everyday public life.

5.6.2 Improvement in Evaluation Methods

To better understand the long-term impact of the workshops, future research
should incorporate longitudinal methods to track shifts in participants’ interest,
attitudes, and behavior over time. Follow-up surveys, interviews, or related activ-
ities conducted weeks or months after the initial session could offer deeper insights
into how informal experiences shape ongoing science engagement.

Moreover, broadening the evaluation strategy to include facilitator perspectives
and systematic artifact analysis would provide a richer, more triangulated under-
standing of workshop effectiveness. By connecting participants’ visible outputs
with both their self-reported experiences and facilitator observations, future stud-
ies can more comprehensively assess the educational and communicative outcomes

of the workshops.

5.6.3 Refining Science-Art Integration

While the workshops effectively communicated scientific concepts through creative
methods, future work could explore how to deepen and diversify this integration.

For instance, incorporating narrative storytelling, digital media, or interactive
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technologies may enhance immersion and allow participants to engage with more
complex or cross-disciplinary topics.

Expanding the thematic scope of the workshops, such as addressing global issues
like sustainability, climate change, or space exploration, could further increase
their relevance and appeal to a broader audience. These timely themes would
not only enhance content diversity but also connect science learning with current
societal challenges.

These findings also point to the broader potential of interdisciplinary science-
art workshops to function not only as educational tools but also as platforms
for cross-sector collaboration—connecting schools, local governments, businesses,
and cultural institutions. With further development, this approach could inform

regional education policy and serve as a scalable, community-centered model for
inclusive STEAM outreach.

5.7. Conclusion

This study examined how art-based workshops can enhance science engagement
among non-scientific audiences through thoughtfully designed communication strate-
gies. By applying models like experiential learning and encoding—decoding theory,
four workshops were developed and evaluated to explore how interactive formats
and visual tools can clarify complex topics, reduce communication “noise,” and
spark curiosity.

Findings showed that creative activities, such as surprise-based self-discovery, re-
latable analogies, and collaborative displays,successfully engaged both children
and adults. Participants demonstrated increased interest and understanding, in-
dicating that such workshops can effectively serve as informal science communi-
cation tools.

Overall, this research highlights the potential of science-art integration as a new
form of science communication to create accessible, emotionally engaging learn-
ing environments. It offers a flexible model for inclusive science outreach, with
implications for educational programming, public engagement, and future inter-

disciplinary initiatives.
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Twi g vRICROEE ~ORED L-~JLEEL T 20
Please rate your level of interest in the following items after the session:

ERESE. BEOAKS. FLRMSH. RESHO L. FRICAES.
FAETERD...
P iig T

e mEiRoe..

Figure A.3 WS2 Day2 Questionnaire Page 1

tuisrtROXCENEERBT SMERRLTIREN

E<{EABLEW  ARLEN  E55:0E. ey s FHEEET S
BiEEsL .
0. 53—

oA ihe s

(EREORECERPEEBEFCFNELES, C5skflgmEsRE(EENn!

(Optional)if you have any comments, please feel free to write them here!

Long answer text

Figure A.4 WS2 Day2 Questionnaire Page 2
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Ty Yo rveEoFEREFHL T TN
Rate the overall session experiences.

1 2 3 4 5

&\ Bad O O O @) O B\ Good

Ty aroRET, FHORENEE HEKOREREECOVWTED (S WlloTWELE
m?

Before and after the workshop, how much do you know about the science of the immiscibility of
water and oil?

£ASBW .. BEDASK.. BLHA-TWV. L<H->TWLL. FBICI<H.

#i Before

& After

Lty YavoRiET REABAORS (EFEIIVE) CoWTEDLSWHI>TWELE
m?

Before and after the workshop, how much do you know about the composition of bath bombs
(baking soda and citric acid)?

2LHAISHEVIL BEDASH. FLFA>TWV.L L<HLTVL. FEIRLCH.

1 Before

& After

Figure B.1 WS3 Questionnaire Page 1
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Ty Y3 ORmET, FHONPHER  BIEERS - PRSI OVWTEDL SWA->TWEL
fedn?

Before and after the workshop, how much do you know about the science of acid-base
reaction/neutralization?

25 RW.L BEDASK. FLHA-oTV. K<H>TW. FEICICH.
#l Before

& After

Ty yavBIROXICEOEERBY hEBRLT{IEE N
Please select how much you agree with the following statements after the session:

2{EBLEVL REELLZWN EE55&HF. BET3 FRECRETS
D—gSiav.
A4 FvE.
fEbhniflv.
AT

FTEER/EED...

D=0 a3 v 7ORTRBHRICESEHIEEZTTH?
What part of the workshop left the strongest impression on you?

M bILEFR-fc& & (liLk) Shake the bottle (oil and water)

IR R JLIE A B & A Tc & Z Put the bath bomb in the small bottle
[E Ao IEREBalloon Experiment

F{ED 7 U A ¥ Afi 0 fiHandmade Christmas Jar

Other...

Figure B.2 WS3 Questionnaire Page 2
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T—22 3w 7ORT, BLELOETICROBIUL->LEBEEITTN?
Which part of the workshop do you feel was the most effective for your learning?

& AKIE DLW T O EEREAVerbal Explanation of oil and water

i & KICB T SRR Infographic of oil and water

B LI B O RIGIC D WT O 5B EEVerbal Explanation of acid-base reaction
B - R EORIGIE 2 W T OEEERBInfographic of acid-base reaction

[t FEEEBalloon Experiment

Other..

Ty g BICROBEEANDEED L AL ETFHLTIEE LN
Please rate your level of interest in the following items after the session:

e EERNE. BEDEEDN. FLEKHLH. EENSBDInt. FEICEBRL.
BETRED..

tya»T.

Ly avBEROXICEORERET 2hMEBERLTIEET L
Please select how much you agree with the following statements after the session:

={EELLZV RAELEW EE5ELHE. EETS FRECEETS
BEAHEE.
BEALDAE.
DR

fthed AICES ...

(EE)EoMIccBRRPCBBACENELLS, CE5ICCHALEEE(KEN !
(Optional)If you have any comments, please feel free to write them here!

Long answer text

Figure B.3 WS3 Questionnaire Page 3
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BMLc7—23 3 v TORBREHRITILZ W,
10:30- 11:30
11:45-12:45
13:30-14:30
14: 45-15:45

16:00-17:00

BEHOBSEHATILZN, (119)

Short answer text

HirldEsshEns & *

1 2 3 4 5

XREAT (CEF - 7—h  RE O O O O O BRyaY (Rl - 2 - Borh'r
hiFeE) =)

RORT, DI0926D - PoTHlcWEDEFEN? (WCDTHOK) *

FhLWRBFERED(BIL
LRADFTRBLTHEIE
HABERDEED L
BHPFELTRTRIZZ
LW EEENDZIE

Foft (BHiEA)

Other...

Figure C.1 WS4 Pre-Questionnaire Page 1
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BROzEEMWCEE, CARKEERLBNDETHI? (BTREREXLZLOETRTEAT *

)

H#HLBES |

Eso&0ThLES.

L <bhsiRn

BAMDESRED

297985 |

BheR{EF

Other...

ERPRZEOZ&Z, ECTRARLIENBDETM? (WD THEATOK)

FEOEE

SNSEIE (YouTube, TikTok#&)
FERONTORFEARY MY S TEH
BEokev v - QELE
FLEEHR

BIPME - ETOER

Other...

SORRT BPEERSWEESSDETM? *

1 2 3 4 5

EAAEFAE (D) @) @) @) @)

(E8) SEOT7—2>3v7T EARCEEZRLACLTVWETSN?

Long answer text

LTHERND S

Figure C.2 WS4 Pre-Questionnaire Page 2
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7—=9%3v7
77—k

SHOARIFRBELDHETEN?

OOOBE

HEOLLHIIHOLT, F<hrWELRED?

OO

FRIDEIBARDFIRUYELTEH?

OO

KEIO MEDIA DESIGN

Figure C.3 WS4 Post-Questionnaire (Children 4-7)
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BiNLET7—2 Y3y 7ORERERI T EE W,

10:30-11:30

11:45-12:45

13:30-14:30

14: 45-15:45

16:00-17:00

BEEOBRSEHIT LIV, (1-9)

Short answer text

EyiarvefEoFEREFEL T LEN

1 2 3 4 5

W w A w w

COT—0yavFT LW EEREREEBVWETN?
ETHERKE
EHEBEAL
EE5THREL
BEDERBASL

SREALD o

Figure C.4 WS4 Post-Questionnaire Page 1 (Children)
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SHOESHEELT, HRELLEKR bEXRLEN?
ETHESES
EZHEHESBS
EES5EBVAHEN
BEDESIBELGW

SRESBDARW

EWHAD "L ¥ TBE B, b DPThokTIN?
EThEChhar
Ewkchbhorkc
EE5EBNAAEN
LLoEhLho

efbh 5ol

T—223v7T "HPEOCEERATDIHE T bhOPTNEB R I 3MRBRERAT
{EELV, (BTREDZLOESTHRATIIEEW)

TTHMLWEEEEDLT. PELWEETHBELT O
ERLaSEHT hic
ERELBEREL DN o TWTh D PTh ok
BO0BTELERLD, GETELISDMDPThL
feeAPBIARENDIDPT o1
BichhDPTneBoeftflizan o1

FoOM4 (AECBENTL TN

Other...

Figure C.5 WS4 Post-Questionnaire Page 2 (Children)
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T—023v7OPT, EARILIHRZOULL HEERIDZORBIEELEDN? (1D2EATL

rEW)
T2 PR O ER

ATy 7PREDHH

ERICFEBALECE (LA - 252K)

ADDADLSTEREZL

O (FTOMTTRALEZW)

Other...

FebFEE-THEVWEBWETH?

TP o THW

RHEH P> THEW

EE5EBWEREN

BEDPHECEW

emrhidign

FleZnd S BETF—by ARy MCENLEWEBWETH?

ETeEMLIEW

FHIHEMULILW

EE5THILL

BEDEMLELBW

efEml e <En

(EE)BEIC. SHOT—2Y 3 v 7PHBICOVWTOBENSHIEEBICEVWTI I W,

Long answer text

Figure C.6 WS4 Post-Questionnaire Page 3 (Children)
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BMLET7—72ay TORMBERZITIIEE L,
10:30-11:30
11:45-12:45
13:30-14:30
14; 45-15:45

16:00-17:00

EREOEBERATLLE W, (119)

Short answer text

Ty iareEoFEREFMLT TN

1 2 3 4 5

W A W W W

BFTERT—Iyavrh EOLSWERLTWELED?

ETHERPLTWE
EBFBEFL TN
=E

S USRRAGIRT W

BEDRPLTWED S

Figure C.7 WS4 Post-Questionnaire Page 1 (Parents)
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ZOT=7aviE. BFRICES>THLWRECHNEZ@Z0IC@ISELLLM?
ETHESBS
PPESES
EELEEHNAEN
HEDESBLEZN

E{EIBREV

T—0av /A0 THEORE (HEACEEZE)) B, BFEHkLE>T:
ETHEbDPIhaf
EHEHLMOHPThof
EE5EHNAEN
LLELD oK

ETRELL L

D=3y FORTO HEOELS) KOWT, BRi-kEBUIANBhIERI TS
W (RECER)

HUWEEEHEDLT, PELLWEETHALTWE
FEBCAVWNTZLSITHEDHT W

ER AN I LTV
ERCRTERERBRTZCLTEDo
P H L ThMD 2T LTV
RICHRICE S oA Zd - o

ZOth (B HECER)

Other..

Figure C.8 WS4 Post-Questionnaire Page 2 (Parents)
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T—o2gv7OhT, BFIE RZEOGEd EBETESATRIU-EBLLLDER
BUCEEL, (BHUTHEZBOEI1DEBETLZW)

RZa 7L ED DR
FFIYT—F—OHB
ERicBSTFERILTHELIECE
g iE B & DIRBRR TR
FOft (FOBMIZTRALEEW)

Other..

T=2 23w TREENNAYT Ly N EDAOHESE) 267, CRETHRALLSAT
FETHERVWETHI?

HFOPoTHLEW
e vPBERS
EE5EEVAEN
HBEDPSTVEES

PoRrWERS

SEOLSIE P—rEELTRZEZR ERXOT7—023vTH, SEFNORBETHEZNWD
Bga—
ETHESRS EHEHES. LESEDBL. BEDESE. Fok{E5.

Fesmlr.

oD S REP...

(ER)EoficcERPoBBACEVELLS, CE55IKcEBRBEECKEN !

Long answer text

Figure C.9 WS4 Post-Questionnaire Page 3 (Parents)
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