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Abstract

This study delves into the intersection of artistry and fabrication techniques within the realm of 3D signage.
In recent years, 3D fabrication has emerged as a versatile medium for artists and graphic designers to
express their creativity in signage projects. This research focuses on how various fabrication methods, such
as CNC routing, laser cutting, and hand sculpting, have been employed to achieve unique artistic visions in
signage design. Through qualitative case study design, interviews with artists, designers, fabricators, and
visual analysis of contemporary artworks, this study examines the aesthetic possibilities, technical
challenges, and conceptual considerations inherent in 3D fabrication signage art. Findings revealed that
3D signages serve as prominent visual elements in various settings, including commercial, public, and
private spaces, demanding careful consideration of material selection and fabrication methods to ensure
longevity, economic feasibility, and visual impact. The study concludes that 3D fabrication signage presents
innovative examples and contributes to the understanding and appreciation of 3D fabrication signage art as
a distinct form of contemporary artistic expression.
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1. Introduction

In the realm of visual communication, signage plays a pivotal role in conveying information, evoking
emotions, and shaping the environment in which people live and interact (Ginni, 2023; Verma, 2023). Over
the years, signage has evolved from mere functional markers to dynamic and expressive elements that
reflect the aesthetics and identity of its surroundings (Identity Group, 2022). Torres et al. (2015) shared that
one of the most notable advancements in signage design and fabrication is the integration of three-
dimensional (3D) fabrication techniques, which have opened up new avenues for artistic expression and
innovation. The advent of 3D fabrication methods, such as 3D printing, CNC (Computer Numerical Control)
routing, and laser cutting, has revolutionized the way signage is conceived, designed, and produced (Ye,
2024; Cline, 2015; Torres, 2019). These techniques allow for the creation of intricate, highly detailed, and
visually captivating signs that transcend the limitations of traditional manufacturing processes. Artists and
designers have leveraged the power of digital modelling and computer-controlled machinery by bringing
their most ambitious visions to life, pushing the boundaries of what is possible in the realm of signage (Rise
Vision, 2023).

One of the significant advantages of 3D fabrication is the ability to create complex geometries and forms
that would be challenging or even impossible to achieve through conventional methods (Nova Digital,
2024a). Redbean (2024) expressed that this newfound freedom in design has paved the way for signs that
seamlessly blend art and functionality, transforming the urban landscape into a canvas for creative
expression. From intricately sculpted letterforms to abstract shapes and patterns, 3D fabricated signs
captivate viewers with their unique and visually striking presence (Sylvester et al., 2023). 3D fabrication
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techniques have enabled the incorporation of sustainable and eco-friendly materials into signage production
(Cline, 2015). Artists and designers create signs that not only enhance the visual appeal of their
surroundings but also contribute to a more sustainable future with recycled plastics, non-biodegradable
materials, or repurposed metals (Dawnna, 2024). This alignment with environmental consciousness has
become increasingly important as businesses and organizations strive to reduce their carbon footprint and
embrace responsible practices. Beyond the realm of aesthetics, 3D fabricated signs offer practical benefits as
well. The precision and repeatability of digital manufacturing processes ensure consistent quality and
accuracy, reducing the need for costly rework or repairs. Additionally, the ability to create modular and
customizable signage solutions allows for greater flexibility and adaptability, catering to the ever-changing
needs of businesses and public spaces (Calori & Vanden-Eynden, 2015).

As the integration of 3D fabrication techniques in signage design continues to evolve, Perrot (2019)
shared that people expect to witness even more innovative and captivating creations that push the boundaries
of what is possible. These advancements not only enhance the visual appeal of individuals’ surroundings but
also contribute to the ongoing dialogue between art, technology, and the built environment, shaping the way
people perceive and interact with the world around us. Kling et al. (2013) are of the view that he fusion of
artistry and fabrication in 3D signage represents a significant shift in the way individual perceives and
interacts with visual elements in their built environment. No longer confined to flat surfaces and static
forms, 3D fabrication signage art transcends traditional boundaries, blurring the lines between sculpture,
graphic design, and architecture (Meis & Kashima, 2017). While there is a growing body of literature on 3D
fabrication techniques and their applications in various fields, there exists a notable gap in the understanding
of how these techniques are utilized to facilitate artistic expressions specifically within the domain of
signage design (Lipson & Kurman, 2013). Existing research predominantly focuses on the technical aspects
of 3D fabrication or explores its applications in industrial and architectural contexts. However, there is
limited scholarly investigation into the artistic potential of 3D fabrication in signage, including the aesthetic
considerations and creative processes involved in producing artistic signage through fabrication methods.

Again, the lack of wide-ranging research on assessing artistic expressions through 3D fabrication
signage poses several challenges. Firstly, it inhibits the development of a complex understanding of the
intersection between artistic vision and fabrication techniques, hindering the advancement of innovative
approaches in signage design (Feng et al., 2018; Leschok et al., 2023). The absence of scholarly inquiry into
this area limits the dissemination of best practices and insights that could inform practitioners, including
artists, designers, and fabricators, seeking to engage with 3D fabrication in their signage projects (Jevnaker
& Olaisen, 2022; Agyarkoh, 2018). Furthermore, the oversight of artistic considerations in existing literature
undermines the recognition of 3D fabrication signage as a legitimate form of artistic expression, potentially
stifling its growth and recognition within the broader artistic community (Tissen, 2023; Earnshaw et al.,
2020). Thus, there is an urgent need for research that systematically assesses the artistic dimensions of 3D
fabrication signage, addressing the gap in knowledge and facilitating the advancement of this emerging
field. This study, therefore, examines the aesthetic possibilities, technical challenges, and conceptual
considerations inherent in 3D fabrication signage art.

1.1. Theoretical basis

The theoretical basis of 3D fabrication signage lies at the intersection of art, design, technology, and
communication. It encompasses a range of theoretical contexts and principles that inform the creation,
interpretation, and appreciation of signage artworks. The study conceptualized art theory into two folds
namely medium specificity and materiality. These theories are fundamental concepts in art theory that
highlight the intrinsic qualities of artistic mediums and materials, and how they influence artistic expression
(Wen, 2016; Torres, 2019). When applied to 3D fabrication techniques in signage design, these concepts
become particularly relevant as they shape the aesthetic, technical, and conceptual aspects of the artwork
(Printhouse, 2023; Calori & Vanden-Eynden, 2015). Foundational to the understanding of 3D fabrication
signage are key principles rooted in art theory, particularly concerning medium specificity and materiality.
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These concepts delve into the unique attributes of the materials utilized in 3D fabrication and how they
intersect with the creative process and visual expression (Leschok et al., 2023). They include the following:

a. Semiotics and visual communication as signs and symbols that provide an understanding on how
visual elements convey meaning and communicate messages in the context of 3D fabrication
signage. This principle elucidates how the choice of materials, forms, colours, and symbols
influences interpretation and comprehension by audiences (Reynolds, 2023; Udris-Borodavko et al.,
2023).

b. Chapman (2024) expressed that aesthetics and design principles play a crucial role in guiding the
creation of visually appealing and harmonious signage artworks. Concepts such as balance,
proportion, rhythm, harmony, and contrast inform decisions regarding composition, layout, and
visual hierarchy in 3D fabrication signage design.

c. Spatial and environmental design relating to physical environments and architectural spaces consider
spatial dynamics, user experience (Lewis & Sauro, 2021), and environmental context. Theories of
spatial design, wayfinding, and environmental psychology inform decisions regarding placement,
scale, orientation, and visibility of signage artworks within built environments (Mueller, 2006).

d. Materiality and tactility emphasize the significance of materials in shaping sensory experiences and
eliciting emotional responses. In 3D fabrication signage, the choice of materials — whether metals,
plastics, wood, glass, or composites — influences tactile qualities, durability, visual texture, and
symbolic associations, contributing to the overall aesthetic and communicative impact (Zuo, Hope &
Jones, 2014).

These theoretical principles inform the creation of meaningful, impactful, and culturally resonant signage
artworks that enrich public spaces, foster dialogue, and contribute to the visual identity of brands,
institutions, and communities (Rodner & Kerrigan, 2014). Based on these principles, Torres (2019) further
discussed that art theory provides a rich understanding on the creation, interpretation, and appreciation of
visual artworks, including 3D fabrication signage. It encompasses various philosophical, historical, and
critical perspectives that inform the practice and discourse of art (Agyarkoh, 2018). Within the context of
3D fabrication signage, art theory focuses on valuable insights into the aesthetic, conceptual, and cultural
dimensions of signage artworks. Within 3D fabrication signage, aesthetic considerations play a central role
in determining the visual appeal, harmony, and emotional impact of artworks. Artists and designers draw
upon aesthetic principles such as balance, proportion, rhythm, and unity to create compelling and visually
engaging signage designs (Chapman, 2024; Evans Graphics, 2018).

Art theory distinguishes between form (the visual elements and techniques used in an artwork) and
content (the underlying ideas, themes, and narratives). In 3D fabrication signage, the form encompasses the
physical characteristics of the signage, including its materiality, texture, colour, and spatial arrangement,
while the content encompasses the conceptual meaning, symbolism, and communicative intent embedded
within the signage artwork (Seban, 2020). Art theory examines the tension between representation (the
depiction of recognizable subjects or forms) and abstraction (the reduction or distortion of visual elements to
convey abstract concepts or emotions). In 3D fabrication signage, artists employ representational or abstract
approaches to convey messages, evoke emotions, or engage audiences. The choice between representation
and abstraction influences the visual language and interpretive possibilities of signage artworks. Art theory
explores the use of symbols, signs, and visual metaphors to convey meaning and communicate ideas.
Scopigno et al. (2015) shared that in 3D fabrication signage, symbolic imagery, cultural references, and
semiotic cues are employed to convey messages, evoke associations, and resonate with audiences. Artists
draw upon a range of symbolic motifs and allegorical references to imbue signage artworks with layers of
meaning and significance (Evans Graphics, 2018).

Seiferle (2024) added that art theory on medium specificity claims a unique characteristics and
properties that looked at artistic medium of 3D fabrication signage art. In the context of 3D fabrication
signage, each fabrication method, such as CNC routing and laser cutting, has distinct qualities that
contribute to the final outcome of the artwork. For example: CNC routing offers precise control over
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shaping various materials like wood, metal, or plastic, allowing for intricate detailing and texture variations
(Ye, 2024; Sjostrom, Olsson & Dalin, 2011). Laser cutting provides speed and precision in cutting and
engraving materials like acrylic or plywood, allowing for intricate patterns and detailed designs. These
fabrication processes enable the creation of complex three-dimensional forms with high accuracy, providing
artists with the freedom to experiment with shapes and structures that may be challenging to achieve using
traditional methods (Maras & Sutton, 2000).

The study also focused on art theory with materiality that has to do with the physical properties and
characteristics of the materials used in the fabrication process. Different materials offer unique tactile,
visual, and structural qualities that influence artistic decisions and aesthetic outcomes (Varnalis-Weigle,
2016). Power sign (2023) shared that in 3D fabrication signage, materials such as metals, acrylic (plastics,
pvc), woods, and composites are commonly used, each with its own set of properties: Metals convey a sense
of durability and solidity, suitable for outdoor applications and modern, industrial aesthetics. Plastics offer
versatility in terms of colour, transparency, and light transmission, making them suitable for creating vibrant
and eye-catching signage. Woods provide warmth and texture, often associated with craftsmanship and
natural aesthetics, suitable for both indoor and outdoor applications. Each fabrication method and material
combination deal with unique affordances and constraints that artists and designers consider in their
decision-making process (Shahrubudin et al., 2020; Martikka, Karki & Wu, 2018). Affordances are the
opportunities or possibilities that a medium or material provides for artistic expression, while constraints are
the limitations or challenges that may arise. For example: CNC routing affords precision and repeatability
but may be constrained by material limitations or machining capabilities. Laser cutting affords intricacy and
detail but may be constrained by material thickness or cutting speed.

2. Literature Review

The intersection of artistry and fabrication techniques in 3D signage design has garnered increasing attention
in both academic discourse and creative practice. This literature review aimed to explore existing research
and theoretical frameworks that shed light on the artistic expressions enabled by 3D fabrication in signage
projects. This review sought to provide insights into the evolving landscape of 3D fabrication signage art by
examining relevant studies, theoretical perspectives, and case examples.

2.1. Historical Context of Signage Art

It is essential to contextualize the understanding of contemporary manifestations of 3D fabrication in
signage art within the broader historical trajectory of signage as an art form. Historical studies by some
scholars have traced the evolution of signage from traditional handcrafted methods to contemporary digital
fabrication techniques. These studies highlight the ways in which advancements in technology have
transformed the aesthetics and functionalities of signage, paving the way for innovative artistic expressions.
Karnik (2023) is of the view that the origins of signage could be traced back to ancient civilizations, where
rudimentary forms of visual communication were employed to convey information, mark territories, and
establish cultural identities. Primitive signage took the form of cave paintings, petroglyphs, and
hieroglyphics, serving as early examples of how human beings harnessed visual symbols and artistic
expression to communicate and document their existence. The Lascaux cave paintings in France, dating
back to around 15,000 BCE, are considered among the earliest examples of signage art, with their intricate
depictions of animals and human figures (Elite sign solutions, 2024).

As societies advanced, so did the techniques and materials used in signage production. The advent of
writing systems and the development of artisanal skills paved the way for more sophisticated signage, often
incorporating elements of calligraphy, woodcarving, and metalworking (Agyarkoh, 2018). Klamer (1997)
shared that during the medieval period, signage became an integral part of the urban landscape, with artisans
crafting intricate signs to identify businesses, guilds, and public spaces. The iconic pub signs and guild
emblems adorning the streets of European cities exemplified the fusion of practical function and artistic
expression. The Renaissance era witnessed a renaissance in signage art, as the revival of classical aesthetics
and the emergence of humanism influenced the design and execution of signs. Renowned artists and
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craftsmen were commissioned to create elaborate signage, blending artistic expression with practical
functionality. This period saw the emergence of iconic signage such as the ornate shop signs and heraldic
crests that adorned the streets of cities like Florence, Venice, and Paris. The work of artists like Benvenuto
Cellini and Gian Lorenzo Bernini exemplified the artistic mastery and attention to detail that went into the
creation of these intricate signage pieces (Thorson, 2020).

Michael et al. (2020) expressed that the industrial revolution brought about significant changes in
signage production, as technological advancements enabled mass manufacturing and the use of new
materials like cast iron and enamelled steel. While this era saw a shift towards more standardized and
commercially oriented signage, it also paved the way for innovative techniques such as neon lighting and
large-scale billboards, which became canvases for artistic expression in the realm of advertising. The iconic
neon signs of cities like Las Vegas and Tokyo became emblematic of this era, combining technological
innovation with artistic flair. Kelly (2010) discussed that in the 20th century, the advent of modernism and
the Bauhaus movement ushered in a new era of minimalist and functional signage design. Architects and
designers like Paul Renner (1878-1956) and Herbert Bayer (1900-1985) pioneered the use of geometric
forms, sans-serif typefaces, and minimalist aesthetics, reflecting the principles of rational and efficient
communication (Moonan, 2020). The iconic signage systems developed for the New York City subway and
the Deutsche Werkbund exhibition in 1914 exemplified this shift towards a more streamlined and functional
approach to signage design by George Heins and Christopher LaFarge.

Massobrio (2023) As digital technologies emerged in the latter half of the 20th century, signage art
underwent a profound transformation. Computer-aided design (CAD) software and digital printing
techniques have enabled designers to explore new creative possibilities, while also streamlining the
production process. The integration of electronic displays and dynamic lighting further expanded the
expressive potential of signage, allowing for interactive and responsive installations. The work of artists like
Jenny Holzer and Krzysztof Wodiczko explored the potentials of digital signage as a medium for social
commentary and public art (True impact, 2023; Tibbey, 2023).

2.2. Technological Advancements and Creative Possibilities

The advent of digital fabrication technologies, including CNC routing, 3D printing, and laser cutting, has
revolutionized the possibilities for artistic expression in signage design (Ye, 2024; Globa, Donn & Twose,
2012). Research by some scholars like Amanda Griscom and Michael Hansmeyer delves into the technical
capabilities and creative potentials of these technologies, showcasing how artists and designers leverage
them to push the boundaries of traditional signage aesthetics. These studies emphasize the role of digital
tools in facilitating experimentation, customization, and intricacy in 3D fabrication signage art. This
statement confirms Ye (2024) and Sjostrom et al. (2011) that CNC (Computer Numerical Control) routing,
in particular, has opened up new frontiers for signage artists working with materials like wood, metal, and
plastics. By translating digital designs into precise toolpaths, CNC machines can carve out intricate forms,
textures, and patterns with exceptional accuracy and repeatability. This level of control and detail was
previously unattainable through traditional manual carving techniques, allowing artists to create signage
pieces that blur the line between functionality and sculptural art (Ayanlade et al., 2023).

3D printing has been another game-changer in the realm of signage art. Additive manufacturing
processes like fused deposition modelling (FDM), stereolithography (SLA), and selective laser sintering
(SLS) enable the creation of complex geometries and forms that would be impossible or prohibitively
expensive to produce through conventional methods (Sjostrom et al., 2011; Sherbina, 2023). Artists can now
bring their most ambitious visions to life, pushing the boundaries of what is possible in terms of shape,
texture, and materiality. One of the key advantages of 3D printing for signage art is the ability to create
intricate, one-off pieces or small production runs with relative ease. This flexibility allows for greater
customization and personalization, catering to the unique needs and aesthetic preferences of clients or
specific installations. Additionally, the ability to combine different materials, colours, and finishes within a
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single printed piece opens up a world of possibilities for artistic expression and visual impact (Gibson,
Rosen & Stucker, 2015).

Ganeev (2013) disclosed that laser cutting, another digital fabrication technology, has emerged as a
powerful tool for creating intricate and visually striking signage designs. Artists cut, etch, and engrave
complex patterns and textures onto a wide range of materials, including metals, acrylics, and composite
materials by precisely controlling the path and intensity of a high-powered laser beam. This technology has
enabled the creation of highly detailed and visually captivating signage pieces, often featuring intricate
geometric patterns, calligraphic elements, or abstract designs. Beyond the technical capabilities, digital
fabrication technologies have also facilitated new approaches to design and ideation (Sherbina, 2023).
Digital modelling software and parametric design tools allow artists and designers to explore complex
forms, simulate materials, and iterate on designs with relative ease (Gamal et al., 2023). This iterative
process encourages experimentation and creativity, enabling artists to push the boundaries of traditional
signage aesthetics and explore new avenues of artistic expression.

Moreover, Gamal et al. (2023) disclosed that the integration of digital fabrication with other
emerging technologies, such as interactive displays, responsive lighting, and sensor-based systems, has
opened up exciting possibilities for creating dynamic and interactive signage installations. These
multisensory experiences not only captivate viewers but also challenge traditional notions of signage as
static markers, transforming them into immersive and engaging artistic experiences. The research conducted
by Amanda Griscom and Michael Hansmeyer, among others, highlights the profound impact of digital
fabrication technologies on the field of signage art (Ye, 2024; Sjostrom et al., 2011). Their studies showcase
innovative examples of how artists and designers leverage these tools to create signage pieces that transcend
mere functionality, becoming works of art that inspire, provoke, and transform the environments in which
they are installed.

2.3. Aesthetic Considerations in 3D Fabrication Signage

Aesthetic considerations play a central role in the design and fabrication of 3D signage art (Bristow, 2016;
2020). Scholars such as Elissa Auther and Johanna Drucker have explored the relationship between form,
function, and visual impact in signage design, highlighting the importance of materials, textures, colours,
and spatial arrangements in conveying intended messages and eliciting emotional responses. These studies
provide theoretical frameworks and design principles that inform the artistic decisions of practitioners in the
field of 3D fabrication signage. One of the fundamental aesthetic considerations in 3D fabrication signage is
the choice of materials (loannides & Patias, 2023; Banga et al., 2021). The inherent properties of different
materials, such as their texture, colour, and reflectivity, significantly influence the visual appeal and overall
impact of a signage piece (Galati & Minetola, 2019). Artists and designers carefully consider the
connotations and associations that specific materials evoke, as well as their suitability for the intended
environment and purpose of the signage ((Adu et al. 2023; Lai, Kwong & Mak, 2010). For example, the use
of natural materials like wood or stone can convey a sense of warmth, tradition, and authenticity, making
them well-suited for signage in heritage sites or locations where a connection to the local context is desired.
Conversely, Kim et al. (2021) discussed that the use of contemporary materials like metal, acrylic, or
composite materials can create a sleek, modern aesthetic, aligning with the visual identity of cutting-edge
businesses or urban environments.

SyBridge Technologies (2020) indicated that texture is another crucial aesthetic element in 3D
fabrication signage. The ability to create intricate surface patterns, reliefs, and textures through techniques
like CNC routing, 3D printing, and laser etching allows artists to infuse their signage pieces with tactile
qualities that invite touch and engagement. These textural elements not only enhance the visual appeal but
also contribute to the overall sensory experience, creating a deeper connection between the viewer and the
artwork (ML Engraving, 2024). Colour plays a pivotal role in the aesthetic and communicative aspects of
signage design. The strategic use of colour can evoke specific emotions, reinforce brand identities, or create
visual hierarchies that guide the viewer's attention. In 3D fabrication signage, artists can leverage the
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inherent colour properties of different materials or incorporate sophisticated techniques like multi-material
printing or surface treatments to achieve a wide range of vibrant and nuanced colour palettes (Nova Digital,
2024a; Shahrubudin et al., 2020).

Gareth (2024) shared that the spatial arrangement and composition of 3D signage elements are also
critical aesthetic considerations. Lidwell, Holden and Butler (2003) added that the interplay between
positive and negative spaces, the balance of symmetry and asymmetry, and the relationship between the
signage and its surrounding environment all contribute to the overall visual impact and legibility of the
piece. Artists essentially consider factors such as viewpoints, lighting conditions, and architectural contexts
to ensure that their signage designs are cohesive, harmonious, and impactful. Again, scholars like Elissa
Auther and Johanna Drucker have delved into the semiotic and phenomenological aspects of signage design,
exploring how the visual language and materiality of signage can shape perceptions, evoke emotions, and
create meaningful experiences for viewers (Seiferle, 2024). Their research provides valuable theoretical
insights that can guide artists and designers in navigating the complex interplay between aesthetics,
functionality, and cultural narratives in the realm of 3D fabrication signage. Artists working in the field of
3D fabrication signage create visually striking and emotionally resonant pieces that transcend mere utility,
becoming powerful vehicles for artistic expression, cultural storytelling, and environmental transformation
(Li et al., 2023; Lindh, 2012).

3. Methods
3.1. Research design

Assessing the artistic expressions achieved through 3D fabrication signage required a rigorous research
design and ample data collection methods to ensure a thorough and well-informed evaluation (Lewis &
Sauro, 2021). The researchers expanded on the research design and data collection approaches employed in
assessing the artistic merit and impact of 3D fabrication signage art. The research design for assessing
artistic expressions in 3D fabrication signage was a qualitative research approach to gain a holistic
understanding of the artworks and their reception (Groenland & Dana, 2019). The qualitative case study
method was employed to conduct in-depth case studies of specific 3D fabrication signage projects,
examining the artistic processes, conceptual underpinnings, and contextual factors that influenced the work's
creation and reception (de Weerd-Nederhof, 2001).

3.1.1. Geographical context, sample size and sampling technique

When assessing the artistic expressions achieved through 3D fabrication signage in a geographical context,
such as Takoradi, the research design and sampling strategies needed to be tailored to the local conditions
and objectives. Takoradi, a coastal city in the Western Region of Ghana, presents a unique geographical
context for assessing 3D fabrication signage art. As an industrial hub and a major port city, Takoradi's urban
landscape is shaped by a blend of commercial, maritime, and cultural influences, offering an intriguing
canvas for exploring the integration of artistic expressions through signage. The selection of this location
was based on following factors:
e Urban planning and development initiatives in Takoradi, which influence the commissioning and
placement of public art and signage installations.
e Cultural and historical significance of specific locations or landmarks, where signage art contributes
to the preservation or reinterpretation of local narratives.
e Environmental conditions, such as coastal weather patterns, humidity, and potential exposure to
marine environments, which impact the durability and longevity of 3D fabricated signage materials.
e Community dynamics and stakeholder groups, including local artists, businesses, cultural
organizations, and municipal authorities, whose perspectives and involvement shape the reception
and impact of signage art installations.

Moreover, determining an appropriate sample size for assessing artistic expressions in 3D fabrication
signage depends on the research objectives, scope, and available resources (Verma & Verma, 2021,
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Miocevi¢ & de Schoot, 2020). Depending on the research objectives and the distribution of 3D fabrication
signage installations in Takoradi, purposive sampling technique as a non-probability sampling technique
involved intentionally selecting signage art installations based on specific criteria, such as artistic merit,
location significance, or community impact (Bisht, 2024; Tongco, 2007). This approach was useful when
particular installations are deemed highly relevant or representative of the artistic expressions being studied.
Therefore, the researchers selected five (5) professional artists and designers, and ten (10) sampled signage
art works based on several factors as follows:

e The sample size was a representative of the number of 3D fabrication signage installations present in
Takoradi. If the number is limited, a census approach (including all installations) may be feasible;
otherwise, a representative sample is selected.

e The sample encompasses a diverse range of signage art installations, including variations in size,
materials, fabrication techniques, locations, and artistic styles, to capture a comprehensive
understanding of the artistic expressions.

e Practical considerations, such as available time and human resources, also influence the sample size
decisions.

3.2. Research instruments

The research instruments were carefully selected and designed to capture various aspects of the artworks,
including technical execution, material exploration, conceptual depth, viewer engagement, and contextual
factors (McClure, 2020). The research instruments employed in this assessment process were visual
documentation tools such as photography equipment. High-quality digital cameras, lenses, tripods, and
lighting equipment were essential for capturing detailed visual documentation of the 3D fabrication signage
installations. These tools enabled the recording of textures, materials, compositions, and viewer interactions
from multiple angles and perspectives.

Again, observational instruments such as ethnographic field notes or structured field note templates
guided the researchers in documenting detailed observations of viewer interactions, behaviours, and
responses to the signage art installations. These notes captured qualitative data on engagement levels,
emotional reactions, and contextual factors (Phillippi & Lauderdale, 2017). Artist interviews were semi-
structured or in-depth interview protocols were developed to engage with the professional artists involved in
the signage art projects (Morris, 2015). These interviews were aimed to explore the artists' creative
processes, conceptual inspirations, material explorations, and technical approaches, providing valuable
insights into the artistic expressions. Focus group discussion helped the researchers to facilitate group
conversations with stakeholders, such as community representatives or urban planners (Hall, 2020; Acocella
& Cataldi, 2020). These discussions uncovered various perspectives on the signage art installations, their
cultural significance, and their impact on the local environment. Environmental monitoring was also ensured
to monitor environmental conditions like temperature, humidity, light levels, and air quality that provided
valuable data on the potential impact of these factors on the signage art installations and viewer experiences.
A combination of these research instruments helped the researchers gather a comprehensive set of data and
insights, capturing the technical, aesthetic, conceptual, and experiential aspects of the artistic expressions
achieved through 3D fabrication signage. The selection and integration of these instruments were tailored to
the specific research objectives, geographical context, and stakeholder needs, ensuring a holistic assessment
process.

3.3. Validity and Reliability of the Research instruments

Ensuring the validity and reliability of research instruments is crucial when assessing the artistic expressions
achieved through 3D fabrication signage. These qualities contributed to the credibility, consistency, and
replicability of the research findings (Jansen & Warren, 2023). Utilizing high-quality equipment, calibrating
settings, and following standardized protocols for lighting, angles, and compositions ensured accurate and
consistent visual documentation, contributing to the validity of the captured data. Also, the researchers
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developed a clear observational protocol, defining operational definitions for key behaviours and providing
comprehensive training to enhance the validity of the ethnographic field notes by ensuring consistent and
accurate observations (Taherdoost, 2016). The researchers developed interview and focus group protocols
based on established theoretical frameworks and relevant literature, and employing techniques like member
checking (allowing participants to review and validate the captured data), contributed to the validity of the
qualitative data. Furthermore, the environmental conditions being monitored followed an established
protocols for monitoring deployment and data collection that enhanced the validity of the environmental
monitoring data.

Implementing inter-rater reliability measures (Bruchlos, 2022; Lange, 2011), such as having multiple
researchers independently capture and evaluate visual data enhanced the reliability of the visual
documentation process (Ledin & Machin, 2018). Additionally, it was essential to document and report on
the validity and reliability measures employed throughout the research process, ensuring transparency and
enabling critical evaluation by peers and stakeholders. Continuous reflection, refinement, and adaptation of
the research instruments based on feedback and pilot testing further strengthened the overall validity and
reliability of the assessment of artistic expressions achieved through 3D fabrication signage.

3.4. Data Analysis

The study employed visual analysis as a fundamental aspect of assessing signage art installations,
encompassing the analysis of formal elements like shape, colour, texture, and design (Ledin & Machin,
2018). This process allowed the researchers to understand the artist's intentions and the artwork'’s intended
message or aesthetic impact. Additionally, examining the composition helped in understanding how
elements were arranged and interact within the space to create a cohesive visual experience (Lin & Yao,
2017). Materials used in the installation provided insights into the artist's techniques and the artwork's
longevity and maintenance requirements. Spatial connections, including how the artwork interacts with its
environment and engages viewers, contributed to the overall atmosphere. Through visual investigation, the
researchers gained valuable insights into the artistic choices, techniques, and impact of signage art
installations on their surroundings and viewers.

3.5. Ethical considerations

Assessing the artistic expressions achieved through 3D fabrication signage required careful consideration of
ethical principles and practices to ensure the integrity, respect, and responsible conduct of the research
process. The Researchers obtained voluntary and informed consent from all participants involved in the
study, including artists, stakeholders, community members, and viewers of the signage art installations. The
researchers protected research participants’ privacy and confidentiality by implementing measures, such as
anonymizing data, securing data storage, and adhering to relevant data protection regulations (DeRenzo,
Singer & Moss, 2020). Cultural norms, traditions and values were also respected by the researchers in which
the research was conducted, particularly when engaging with indigenous or marginalized groups.

The study avoided bias and misrepresentation by maintaining objectivity and conscious or
unconscious biases that could lead to misrepresentation or misinterpretation of the artistic expressions,
cultural significance, or stakeholder perspectives (Mirza, Bellalem & Mirza, 2023). Responsible data
analysis and reporting was ensured that the data conducted were transparently and accurately, without
selectively omitting or distorting findings that might contradict the researchers' personal beliefs or
suggestions. The researchers acknowledged and respected diverse perspectives, interpretations, and
narratives associated with the signage art installations, particularly those of marginalized or
underrepresented groups. The study also adhered to the established ethical principles and guidelines for
research, such as those outlined by professional organizations or institutional review boards (IRBs)
especially Sekondi-Takoradi Municipal Assembly (STMA). The researchers conducted assessments of
artistic expressions achieved through 3D fabrication signage in a responsible and ethical manner, respecting
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the rights and dignity of all stakeholders, preserving cultural heritage, and contributing to the advancement
of knowledge while minimizing potential harm or negative impacts.

4. Results and Discussion

4.1. Aesthetic possibilities of 3D fabrication signage art

The assessment of artistic expressions achieved through 3D fabrication signage art has yielded significant
insights into the aesthetic possibilities and creative potentials of this emerging art form. Through a
combination of qualitative case study research design and visual analysis, the researchers identified several
key findings that contributed to the study’s understanding of 3D fabrication signage art.

4.1.1. Formal and Compositional Explorations

The results of the study’s visual analysis and stakeholder interviews revealed a remarkable diversity in the
formal and compositional approaches employed by artists working with 3D fabrication signage. The ability
to create intricate, inorganic forms and complex geometries through techniques like 3D fabrication lettering
and CNC routing has enabled artists to transcend the limitations of traditional signage design (Nova Digital,
2024b; Agyarkoh, 2018). The data analysis revealed a significant emphasis on the interplay between
positive and negative spaces, the exploration of symmetry and asymmetry, and the integration of signage
elements within the surrounding architectural or environmental contexts (Lidwell, Holden & Butler, 2003).
These compositional considerations not only contribute to the visual impact of the signage art but also
promote a dialogue between the artwork and its physical setting.

4.1.2. Material Exploration and Innovation

One of the most prominent findings from this research was the innovative use of materials in 3D fabrication
signage art. The artists in this study demonstrated a remarkable ability to combine traditional materials, such
as wood, metal, and stone, with cutting-edge materials like recycled plastics, bio-composites, and advanced
alloys (Varnalis-Weigle, 2016). Through interviews and observational data, the study witnessed how artists
leveraged the unique properties of these materials, such as transparency, reflectivity, and texture, to create
visually striking and multisensory experiences for viewers (Cline, 2015). Additionally, analysis of visual
data and artist statements revealed a strong emphasis on sustainable and eco-friendly material choices,
reflecting a growing awareness of environmental concerns within the artistic community.

4.1.3. Conceptual Depth and Cultural Resonance

Beyond the formal and material aspects, this research uncovered a rich value of conceptual narratives and
cultural resonances merged into the artistic expressions of 3D fabrication signage art. Through the analysis
of interviews, focus groups, and participatory workshops, the study identified recurring themes of cultural
identity, historical preservation, and social commentary. Many of the signage art installations the researchers
studied served as powerful vehicles for storytelling, preserving cultural heritage, and challenging societal
norms or perceptions (Li et al., 2023; Lindh, 2012). This data analysis revealed how artists and designers
skilfully integrated symbolic elements, iconography, and historical references into their works, imbuing
them with deep conceptual layers that resonated with local communities and broader audiences alike.

4.1.4. Viewer Engagement and Interactivity

One of the most compelling findings of this research was the emphasis on viewer engagement and
interactivity within 3D fabrication signage art. This study’s observational data demonstrated a high level of
viewer interest and prolonged dwell times in the presence of signage art installations that incorporated
interactive elements (Gamal et al., 2023). Through the integration of responsive lighting, sensor-based
systems, augmented reality components, and participatory installations, artists created immersive and
dynamic experiences that challenged traditional notions of signage as passive markers. It was revealed that
these interactive elements not only captivated viewers but also facilitated deeper connections, encouraging
dialogue and cultivating a sense of personal investment in the artwork (Galati & Minetola, 2019).

4.1.5. Site-Specificity and Environmental Integration
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The assessment of 3D fabrication signage art highlighted the importance of site-specificity and
environmental integration in the creation and reception of these artistic expressions. The data analysis
revealed a strong emphasis on contextual awareness among the artists, who carefully considered the physical
locations, architectural contexts, and cultural landscapes in which their signage installations would be
situated (Calori & Vanden-Eynden, 2015). Through the study’s observations and stakeholder interviews, the
researchers witnessed how artists skillfully responded to and integrated their works within the surrounding
environments, creating harmonious relationships that enhanced the overall experience and resonance of the
signage art. This site-specific approach not only contributed to the aesthetic impact but also fostered a
deeper sense of place and connection between the artwork, the environment, and the local communities.

4.2. Aesthetic Samples of 3D Fabrication Signage Art

The figures presented showcase a selection of material samples utilized in the creation of 3D fabrication
signage art, spanning a diverse range including acrylic, metal, and wood. Each material offers unique
characteristics and aesthetic possibilities, contributing to the richness and versatility of signage design.
Acrylic samples as indicated in Figure 1(a-j), with its transparent and glossy surface, lends itself well to
modern and sleek signage applications. Its clarity allows for vibrant colours and sharp, precise detailing,
making it a popular choice for contemporary signage projects where clarity and visibility are paramount.
Metal as shown in Figure 2 (a-c) brings a sense of durability, sophistication, and industrial charm to signage
artworks. Whether it's stainless steel, aluminium, or brass, metal signage provides a timeless elegance and a
sense of permanence, making it suitable for both indoor and outdoor installations. Cement introduces a
rugged and industrial aesthetic to signage art, with its raw texture and earthy tones evoking a sense of urban
grit and authenticity as shown in Figure 3 (a, b). Used in both architectural lettering and sculptural elements,
cement signage adds a tactile and tactile dimension to the built environment.

Wood also adds warmth, texture, and organic appeal to 3D fabrication signage as illustrated in Figure
4. Its natural grain patterns, tactile qualities, and earthy tones create a sense of craftsmanship and
authenticity, particularly well-suited for signage in rustic or nature-inspired settings. The study showcased
material samples encompassing acrylic, metal, cement and wood, as these figures illustrate the breadth of
creative possibilities available to designers and fabricators in crafting visually compelling and contextually
relevant 3D fabrication signage art. Whether pursuing a contemporary aesthetic, an industrial vibe, or a
rustic charm, the selection of materials plays a pivotal role in shaping the overall aesthetic appeal and
communicative impact of signage artworks.
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Figure 1(a-J) . Acrylic material samples of 3D fabrication signage art
(Source: Field data, 2024)
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Figure 2 (a-c). Metal material samples of 3D fabrication signage art
(Source: Field data, 2024)

Figure 3 (a, b). Cement material samples of 3D fabrication signage art
(Source: Field data, 2024)
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Figure 4. Wood material sample of 3D fabrication signage art
(Source: Field data, 2024)

4.2. Technical challenges of 3D fabrication signage art

The assessment of artistic expressions achieved through 3D fabrication signage art has also revealed
significant technical challenges that artists and fabricators must navigate. Through the study’s data
collection and analysis, the researchers have identified several key areas of technical complexity that
demand innovative solutions and collaborative approaches.

4.2.1. Material properties and compatibility

One of the primary technical challenges identified in our research is the need to understand and work with
the unique properties and compatibility of various materials used in 3D fabrication signage art. The study’s
interviews with artists and fabricators, combined with the analysis of archival data and technical reports,
highlighted the complexities involved in selecting and combining materials that meet both aesthetic and
functional requirements (loannides & Patias, 2023). For example, the study’s data analysis revealed
instances where artists sought to combine materials with vastly different thermal expansion coefficients or
chemical compositions, leading to issues such as warping, delamination, or incompatible bonding during the
fabrication process (Shahrubudin et al., 2020). Overcoming these challenges often required extensive
material testing, prototyping, and experimentation, as well as collaborations with materials scientists and
engineers.

4.2.2. Scaling and structural integrity

The ambitious scale and intricate designs of many 3D fabrication signage art installations posed significant
challenges in terms of structural integrity and stability. The study’s observational data and technical
documentation analysis revealed instances where artists and fabricators had to grapple with issues such as
load-bearing capacities, wind resistance, and seismic considerations (Sylvester et al., 2023), particularly for
large-scale outdoor installations. Through the study’s interviews and focus groups, the researchers learned
about the iterative design processes and computer simulations employed to assess and optimize the
structural performance of the signage art installations (Koskinen et al., 2012). In many cases, close
collaborations with structural engineers and architects were necessary to ensure the safety and longevity of
these artworks, while maintaining their aesthetic integrity.

4.2.3. Environmental durability and degradation
Another critical technical challenge identified in our research is the need to address environmental durability
and mitigate potential degradation of the 3D fabricated signage art installations. The study’s environmental
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monitoring data and stakeholder interviews highlighted the impact of factors such as UV radiation,
temperature fluctuations, precipitation, and pollution on the longevity and appearance of various materials
used in these artworks (Lai, Kwong & Mak, 2010). The researchers’ analysis of archival data and artist
statements revealed the ongoing exploration of protective coatings, surface treatments, and material
composites designed to enhance the environmental resilience of the signage art installations (Adu et al.
2023). Additionally, the researchers’ observational data and focus group discussions underscored the
importance of proper maintenance and conservation strategies to ensure the long-term preservation of these
artistic expressions.

4.2.4. Digital fabrication workflows and integration

The integration of multiple digital fabrication techniques, such as 3D fabrication, CNC routing, and laser
cutting, presented significant technical challenges in terms of workflow optimization and seamless
integration (Globa, Donn & Twose, 2012). The researchers’ interviews with artists and fabricators, coupled
with the analysis of process documentation, revealed the complexities involved in translating digital designs
into physical reality. The study’s data analysis highlighted the need for robust software tools, precise
calibration procedures, and effective communication between designers and fabricators to ensure accurate
translation of design intent (Gamal et al., 2023). Additionally, the need for skilled technicians and operators
to manage and troubleshoot these advanced fabrication processes was a recurring theme in the study’s
stakeholder focus groups.

4.2.5. Accessibility and user experience

While the emphasis on viewer engagement and interactivity in 3D fabrication signage art was a compelling
finding, the study’s inquiry also uncovered technical challenges related to accessibility and user experience
(Lewis & Sauro, 2021). The study’s observational data and behavioural mapping analyses revealed instances
where viewers, particularly those with disabilities or special needs, encountered difficulties in fully engaging
with or accessing certain interactive elements of the signage art installations. Through the study’s surveys
and focus groups, the researchers identified the need for inclusive design practices that consider diverse user
needs, such as tactile feedback, audio cues, or alternative interaction modes (Meis & Kashima, 2017).
Addressing these accessibility challenges requires close collaboration between artists, fabricators, and user
experience experts to ensure that the artistic expressions achieved through 3D fabrication signage art are
inclusive and engaging for all audiences.

5. Conclusions

The assessment of artistic expressions achieved through 3D fabrication signage art has yielded an ample
understanding of the aesthetic, technical, and conceptual dimensions of this emerging art form. Through
qualitative case study design, interviews with artists, designers, fabricators, and visual analysis of
contemporary artworks, the researchers have gained valuable insights into the creative potentials,
challenges, and sociocultural significance of 3D fabrication signage art. One of the key inferences drawn
from this study was the transformative impact that digital fabrication technologies, such as 3D fabrication,
CNC routing, and laser cutting, have had on the realm of signage design and public art. These technologies
have enabled artists and graphic designers to transcend the limitations of traditional materials and
manufacturing processes, paving the way for innovative formal explorations, material experimentations, and
unprecedented levels of detail and complexity.

Furthermore, the study has highlighted the conceptual richness and cultural resonance that have been
achieved through 3D fabrication signage art. These artworks have the potential to shape public discourse,
challenge societal norms, and contribute to the celebration and preservation of diverse cultural identities
within the Sekondi-Takoradi metropolis. The study has also underscored the importance of interdisciplinary
collaborations and knowledge exchange in realizing the full potential of 3D fabrication signage art. These
collaborative efforts by both artists and graphic designers have fostered cross-pollination of ideas,
innovative problem-solving, and the creation of new hybrid disciplines at the intersection of art, technology,
and social discourse. However, the study has also revealed significant technical challenges that sought to
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address and ensure the longevity, durability, and accessibility of 3D fabrication signage art installations.
Issues related to material compatibility, structural integrity, environmental degradation, digital fabrication
workflows, and user experience demand ongoing research, experimentation, and the development of best
practices within the field.

6. Recommendations

Based on the findings and conclusions of this study, the following recommendations were proposed to
further advance the artistic expressions achieved through 3D fabrication signage art:

1. The assessment of artistic expressions through 3D fabrication signage proffers valuable insights
into the realm of art and design. Through this innovative approach, artists and designers could
create visually captivating and immersive experiences for viewers. The use of 3D fabrication
signage allows for the exploration of new dimensions and perspectives, enhancing the overall
impact of artistic expressions.

2. In order to further enhance the utilization of 3D fabrication signage in artistic expressions, firstly,
it is crucial to invest in advanced technologies and materials that could facilitate the creation of
intricate and detailed 3D signage. This practice would enable artists and designers to push the
boundaries of their creativity and produce visually stunning artworks.

3. Additionally, collaboration between artists, designers, and engineers is essential to ensure the
successful implementation of 3D fabrication signage. These professionals could combine their
expertise and knowledge to overcome technical challenges and create seamless and visually
appealing installations.
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