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ABSTRACT

Technological advancements have rewritten the perspective and
functionality of all fields, including art and architecture. This paper delves
into the evolution of the symbiotic relationship between digital graphics
and contemporary architecture, highlighting their profound impact on
architectural representation, design processes, and visual communication.
By tracing the historical development of digital graphics in architecture,
from initial implementations to the transformative effects of Computer-
Aided Design (CAD), we examine how digital graphics have reshaped
architectural representation techniques, empowering architects to create T A
realistic renders, animations, and virtual reality applications. The i el 1 e rstion o aonshin Soucties Wt Tdeine
integration of digital graphics into architects' design workflows, especially

through parametric design and algorithmic tools, enables the realization of dynamic, responsive architectural forms.
Through case studies of iconic structures, the pivotal role of digital graphics in shaping architectural projects is
demonstrated. Furthermore, we explore the influence of architectural aesthetics on digital graphics in various industries,
such as video games and advertising, emphasizing the importance of ethical considerations in the responsible
representation and marketing of architecture. Looking to the future, upcoming technological advancements, including
augmented and virtual reality, real-time rendering, and generative design, are predicted to steer architectural innovation
and redefine the future of digital design. The seamless interplay between pixels and columns will continue to inspire
architects to create innovative, sustainable, and visually striking architectural experiences for future generations.

Keywords: Digital graphics, Contemporary architecture, Architectural representation, Parametric design, Virtual reality
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INTRODUCTION

ABSTRACT: Technological advancements have rewritten the perspective and
functionality of all fields, including art and architecture. This paper delves into the
evolution of the symbiotic relationship between digital graphics and contemporary
architecture, highlighting their profound impact on architectural representation, design
processes, and visual communication. By tracing the historical development of digital
graphics in architecture, from initial implementations to the transformative effects of
Computer-Aided Design (CAD), we examine how digital graphics have reshaped
architectural representation techniques, empowering architects to create realistic renders,
animations, and virtual reality applications. The integration of digital graphics into
architects' design workflows, especially through parametric design and algorithmic tools,
enables the realization of dynamic, responsive architectural forms. Through case studies
of iconic structures, the pivotal role of digital graphics in shaping architectural projects is
demonstrated. Furthermore, we explore the influence of architectural aesthetics on digital
graphics in various industries, such as video games and advertising, emphasizing the
importance of ethical considerations in the responsible representation and marketing of
architecture. Looking to the future, upcoming technological advancements, including
augmented and virtual reality, real-time rendering, and generative design, are predicted
to steer architectural innovation and redefine the future of digital design. The seamless
interplay between pixels and columns will continue to inspire architects to create
innovative, sustainable, and visually striking architectural experiences for future
generations.

KEYWORDS: Digital graphics, Contemporary
representation, Parametric design, Virtual reality

architecture,  Architectural

and modification of designs. Moreover, "modeling
and rendering systems have proven to be valuable

The continuous advancements in technology have
transformed human experience and perspective,
reshaping life in all its dimensions. In an era of rapid
technological progress, the realms of digital graphics
and contemporary architecture have converged to
establish a profound symbiotic relationship. The
integration of these two fields has redefined the

boundaries  of  architectural representation,
reinventing exploration in design and
communication.

"Traditional art categorization, limited to
painting and sculpture until the early 1960s,
gradually evolved with the emergence of Cubist
collages and the assertion of photography as an art
form" [1]. With the advent of the first computers
following World War I, the use of this tool in artistic
creation became ready by 1960 and expanded,
especially in the field of design, with the growth and
innovation of various computer types from the 1970s
[2]. In fact, computer graphics have transformed the
process of creating drafts and enabled quick entry

Citation: Arman Mehr A (2023). Pixels and columns:
tracing the symbiotic evolution of digital graphics and
contemporary architecture. J. Art Arch. Stud., 11 (2): 25-

37.
DOI: https://dx.doi.org/10.54203/jaas.2022.5

aids in the visualization process, allowing designers
to move with realistic images of their designs" [3, 4].
In addition, according to Rush [5], today, audiences
are not just observers but can actively participate in
the creation of artwork, becoming essential elements
in its formation. Although Marcel Duchamp
considered completing the work of art dependent on
these elements, he never imagined that by the end of
the 20th century, some works of art would become
truly interactive with their viewers and audiences.
Not just for completion, but for initiating and
enriching the work [5]. Today, to a large extent,
interaction and participation are the goals of most
contemporary arts, and the role of the audience is
emphasized in such a way that in some new works of
art, the absence of an audience is inconceivable.
Jenkins [6] emphasizes a culture of participation
rather than interactive technologies, considering
interactivity as belonging to technology and
participation as belonging to culture. Park [7] is
among the first researchers to create a scale for the
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levels of interaction in internet art and classifies
online art audiences into three categories: the
audience, the user, and the participant. The more an
artwork requires the presence of a user, the higher
the level of interactivity it has.

This article embarks on a captivating journey,
illustrating how digital graphics and contemporary
architecture interact, mutually shaping and
enriching one another. Understanding the
continuous evolution of the intertwining of digital

graphics and contemporary architecture is of
paramount importance. As architectural
methodologies increasingly integrate advanced

digital tools and visualization techniques, the
resultant visual language deeply influences how we
perceive and interact with the constructed
environment. The fusion of pixels and columns not
only opens new creative opportunities for architects
and designers but also plays a pivotal role in shaping
the general understanding and comprehension of
architectural concepts. This article seeks to
illuminate the transformative power of digital
graphics in architecture and its far-reaching
implications for the future of design.

Literature review

The emergence of digital graphics in
architecture can be traced back to the early 1960s,
when pioneering architects and researchers began
experimenting with computer technology for design
and visualization. In its initial stages, digital
graphics primarily served as a tool for mathematical
and geometrical modeling, enabling architects to
explore complex forms and patterns that were
challenging to achieve manually.

One of the earliest notable instances of digital
graphics in architecture was the pioneering
"Sketchpad" developed by Ivan Sutherland. He
introduced it at the Massachusetts Institute of
Technology (MIT) in Cambridge while working on
his doctoral dissertation in 1963. With the help of
this program, two-dimensional objects could be
displayed on a screen and manipulated using a light
pen and an interactive graphics terminal. This
innovative program marked the first time that
human-computer interaction at a graphic level
became possible [8, 9].

In fact, this revolutionary system granted
architects the capability to directly draw and
manipulate geometric shapes on the computer
screen, paving the way for future advancements in
computer-assisted design. Architectural design is a
repetitive and visual process - one that involves
thinking and exploration in visual or symbolic

Arman Mehr, 2022

representations. Coons [10] described the intricacies
of design, innovation, and creativity as follows:

"This is an example of a design process where
such iterations - from concept to analysis,
evaluation, analysis modification, and ultimately to a
new concept - form loops that are traversed
repeatedly until the designer judges that the scales of
judgment are sufficient and balanced [10].
Throughout the 1970s and 1980s, architects and
researchers continued to refine digital graphics tools
and experimented with wireframe modeling and
two-dimensional design systems. With the increase
in computational power, the potential for more
complex architectural representations also grew. The
advent of raster graphics and the use of bitmapped
images opened up new possibilities for visualizing
architectural concepts with realism and greater
detail.

The digital development in the field of
architecture has a brief history in which computer-
aided design (CAD) played a significant role and is
considered a pivotal event in the evolution of digital
graphics in architecture. CAD models are often
reused for future redesigns, shared in collaborative
design teams, and used as a foundation for
automated design and shape optimization tools. In
this context, the ability of a parametric model to
adapt to changes is crucial. This aligns with the
concept of "semantic level" in the CAD quality model
proposed by Contero and colleagues [11].

CAD has transformed the design process,
making the creation of technical drawings, plans,
and elevations considerably easier. Architects can
now quickly iterate and modify designs, enhancing
efficiency and  accuracy in  architectural
documentation. The impact of CAD on architecture
goes beyond design and visualization, as it facilitates
the generation of precise 3D models, exploration of
spatial relationships, and design alternatives. With
CAD, architects can visualize projects in a virtual
environment and enable better communication with
clients and stakeholders. The integration of
parametric design principles into CAD systems has
empowered architects to create dynamic and
adaptable structures, laying the groundwork for a
new era of innovative architectural forms.

The evolution of digital graphics in architecture
has been profoundly shaped by a series of
technological advancements that continuously
pushed the boundaries of what was achievable. One
notable milestone was the development of the
graphical user interface (GUI) in the 1980s,
significantly improving the accessibility and usability
of design software. The adoption of the GUI
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democratized digital graphics tools, allowing a
broader spectrum of architects and designers to
harness the power of these technologies.The 1990s
witnessed increasing advancements, including the
widespread adoption of 3D modeling software and
the emergence of Building Information Modeling
(BIM). BIM marked a transformative shift, primarily
focused on evaluating the energy visualization of
buildings using BIM-based tools [12]. Because it
allowed architects to create intelligent and data-rich
models that encompassed not only geometry but also
vital project information.

Multiple efforts have been made to categorize
the integration of BIM methods with LCA. Anton
and Diaz [13] proposed two different approaches to
combine BIM and LCA. In the first case, BIM data is
directly used in environmental performance
calculations. The second type involves a request for
environmental attributes to be included in BIM
objects. Wastiels and Decuypere [14] provided the
most comprehensive classification.

There are also 3D production tools, such as
Maya, 3DSMAX, and SketchUp, which represent 3D
technology. These additional techniques, such as 3D
manufacturing and virtual reality innovations,are
incredibly beneficial to planners. They help to
increase the effectiveness of their work and allow
them to communicate their design thoughts with
greater accuracy. With the help of assistive
technologies such as augmented environment
technology, 3D printing, 2D sketching devices, and
3D manufacturing technology, designers can now
work together in one area of design rather than
separately [15]. This integration of interdisciplinary
expertise has substantially expanded the scope and
meaning of the household architecture and layout.

This  interdisciplinary  integration  has
significantly expanded the scope and meaning of
architecture and interior design. Real-time
rendering and visualization technologies enable
architects to explore design options with
unprecedented  realism. Furthermore, the
integration of Virtual Reality (VR) and Augmented
Reality (AR) technologies empowers architects to
immerse themselves and stakeholders in fully
interactive architectural environments, transforming
the design review processes and client presentations.

So, precise management and a solid foundation
for engineering development are two key areas
where computer-aided design innovation
demonstrates accuracy. By utilizing the powerful
computational capabilities to address issues arising
during the planning and design processes, designers
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can enhance work efficiency and ensure data
accuracy in drafting activities [16].

This integration of information has led to
increased collaboration, coordination, and decision-
making throughout the entire building life cycle. The
turn of the millennium brought further
advancements. In recent years, the integration of
digital graphics with artificial intelligence and
generative design algorithms has opened new
frontiers in architectural exploration. Al-based tools
can analyze extensive datasets and generate design
solutions that optimize various performance criteria,
pushing the boundaries of architectural innovation
[16].

METHODOLOGY

To achieve the specified objectives, this study will
adopt a multidisciplinary research approach.
Extensive literature reviews through library research
will provide the historical and theoretical
foundations for exploration. Case studies of iconic
buildings and emblematic projects, representing
instances of digital graphics integration, will be
analyzed to understand practical applications and
achievements. Furthermore, in this research,
interviews were conducted with certain artists,
architects, creators of works, and some audience
members to gather more precise information.
Additionally, selective interviews were carried out to
assess the level of interaction and connection
between these two subjects. (Interviews and surveys
with architects and experts in this field will be
conducted to obtain valuable insights into
contemporary methods and future trends.)
Moreover, an effort has been made to utilize the
cognitive and informational background obtained
through fundamental research to take steps toward
improving and optimizing patterns, and to articulate
the established connection between graphics and
architecture.

RESULTS

Digital graphics and architectural
representation

Digital graphics use visual elements to

represent data and, in fact, utilize the capabilities of
these graphic elements and their combinations to
support  expression. Digital graphics offer
unprecedented visual perspectives to architects,
allowing them to create realistic images of proposed
designs. At the same time, it fundamentally mediates
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between the artist, the audience, the text, and the
context, which can be considered a distinguishing
feature of modern and postmodern art [17].

"Considering the vast field of environmental
graphics, its scope of activity and impacts will also
be extensive, covering various domains. However,
we can categorize its main applications into four
general areas: 1) Advertising application; 2)
Educational application; 3) Directional and guidance
application; 4) Technical application" [18].

In their article, Bozorgzadeh and Shahkarami
[19] refer to various types of interactive media,
particularly interactive environmental graphics and
the new  opportunities they create for
communication with the audience, emphasizing that
interactive media change the flow of information
from producers to consumers. Schrater and
Levinson [20] also explain in their book, "Visual
Usability," that interactive graphics can either be
standalone applications or embedded within an
application. These images may contain various
forms of media such as photography, video, and
images, requiring successful image design principles,
as well as designing and presenting appropriate
controls, and they further explore the capabilities of
these various forms.

High-quality rendering engines can accurately
simulate lighting conditions, materials, and textures,
allowing customers to experience spaces that closely
resemble the final built environment. This level of
realism enhances understanding, strengthens
emotional connections through design, and
empowers stakeholders to make more informed
decisions.

Furthermore, digital graphics have
democratized architectural representation, making it
more accessible to a wider audience. Architects can
now share their work on various digital platforms,
including social media, websites, and online
portfolios, to reach a global audience and receive
feedback from individuals beyond their professional
circle. This increased visibility has the potential to
elevate the role of architecture in the public
discourse and enrich architectural approaches with
diverse perspectives.

Traditional architectural drawings, such as
plans, sections, and elevations, served as the primary
tools for representation for centuries. These two-
dimensional images provided valuable information
about spatial arrangements and technical details but
often required a certain level of expertise for
interpretation and visualization of the final
architectural outcome. In contrast, digital renders,
animations, and virtual reality applications offer a
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more immersive and engaging experience. Renders
can depict scenes from various perspectives and
show how light interacts with the constructed
environment and how materials contribute to the
atmosphere. Animations enable architects to convey
dynamic features of a design, such as circulation
patterns, user experiences, and natural light changes
throughout the day. Virtual reality takes
representation a step further, allowing stakeholders
to directly explore architectural space, interact with
it, and experience its scale and proportions with a
sense of presence.

The use of digital graphics in architectural
representation has multiple advantages and comes
with its own set of specific limitations.

Advantages

1. Advanced Visual Communication: Graphic
design has evolved from two-dimensional graphics
to interactive design. This transition has exposed
people to a wide range of graphic design methods
and styles. With modern media technology and the
increasing popularity of media, people now have
higher expectations for the aesthetic appeal of media
forms. They are no longer satisfied with
conventional shapes and are more interested in the
overall impact and perceived understanding of what
they see [21]. Digital graphics provide clear and
convincing representations that facilitate effective
communication between architects, clients, and
other stakeholders, enhancing understanding and
collaboration.

2. Realism and Immersion: Designers now
have access to a broader range of tools for self-
expression, leading to more vibrant and original
results. A better understanding of the ocean can be
achieved through ocean graphic design, which
provides designers with more avenues to express
their thoughts [21]. The photorealistic quality of
digital renders and virtual reality applications allows
stakeholders to envision the design with a level of
immersion that traditional paintings cannot achieve.
As a result, this stimulates emotional responses and
facilitates decision-making.

3. Iterative Design Process: Digital tools enable
architects to quickly iterate, experiment with design
changes, and support a more exploratory and
innovative design process.

4. Advanced Marketing and Visualization:
High-quality digital presentations can significantly
aid marketing efforts, attracting potential customers
and investors by providing a convincing overview of
the proposed architectural project. The product
designer considers the development and how people
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interact with it, ensuring the final product is not only
aesthetically pleasing but also functional and user-
friendly. Therefore, designers can tailor the output
to precise requirements by conducting in-depth
analyses of needs, constraints, and user conditions
[22].

Limitations

"The modern world, relying on rationalism, has
influenced the contemporary human's comfort and
made them solitary in a machine. Modern reason,
rather than serving humans, has enslaved them in
the mechanized life and put their human
characteristics in the background [23]. The most
important part in the maintenance and evolution of
software systems is dedicated to understanding the
system being maintained [24].

1. Need for Skill and Time: Effective use of
digital graphics, due to its complexities, requires
expertise in software and specific techniques, which
may necessitate additional training or outsourcing to
specialists. Furthermore, handling the large volume
of data, consisting of millions of lines of code, needs
to be abstracted and analyzed at the architectural
level.

2. Excessive Emphasis on Aesthetics: Koschke
[25] argues that visualization is coupled with
functionality, and the impact is solely on the results
by configuring graphic elements in visualization
tools (by providing a set of features). The nature of
digital graphics may lead to an overemphasis on
visual aesthetics at the expense of other vital aspects,
such as sustainability and performance.

3. Cost Considerations: Creating high-quality
digital visualizations can be costly, especially for
small-scale architectural firms with limited budgets.

4. Loss of Tactile Sensation: While digital
displays provide comprehensive experiences, they
lack the tangible quality of physical models that
some stakeholders may find more visually appealing
and engaging. Additionally, understanding the
structural elements and their interrelationships and
gaining an overview of large-scale software systems
can be very important but also quite challenging and
complex.

Integration of digital graphics in the
design process

During the initial stages of the design process,
architects often use digital design and 3D modeling
software to translate conceptual ideas into visual
representations. These digital designs serve as a
platform for brainstorming and rapid exploration,
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allowing architects to easily iterate and refine design
concepts. As the design evolves, architects use digital
graphics to analyze and simulate various
environmental factors such as solar exposure, wind
flow, and thermal performance. This performance-
based approach enables architects to make data-
driven design decisions and ensure that their
creations are not only aesthetically pleasing but also
structurally sound and sustainable, as Burry [26]
suggests, "the ability to define, determine, and
reconfigure geometric relationships holds special
value." Furthermore, digital graphics facilitate
seamless collaboration and communication among
design teams, clients, and stakeholders, enabling the
sharing of 3D models, renderings, visualization, and
effective feedback exchange, enhancing project
coordination and providing a deeper understanding
of the design's objectives.

Parametric Design and Algorithmic Tools have
emerged as powerful catalysts in shaping
contemporary architectural forms, providing
architects with tools to create complex, adaptive, and
context-responsive structures. Parametric design
employs mathematical algorithms to establish
relationships between design variables, enabling
architects to create models that adapt and respond
to changing parameters. Equations can be used to
describe relationships between objects, defining a
geometry as "a generative geometry interrelated with
each other" [26]. Using parametric models,
architects can rapidly explore a wide range of design
possibilities. Adjusting a single parameter can lead
to a spectrum of changes throughout the design,
allowing architects to evaluate multiple design
iterations and optimize the final solution based on
specific performance criteria.

Evolutionary architecture proposes a natural
evolutionary process as a means of generating
architectural form [27]. In this approach to design,
according to Frazer, "architectural concepts are
expressed as generative rules, allowing their
evolution and development to be accelerated and
tested using computer models. Concepts are
described in a genetic language that produces a
script of instructions for generating form. Computer
models are employed to simulate the development of
initial forms, which are then evaluated within a
simulated environment based on their performance.
Algorithmic tools, such as genetic algorithms and
cellular automata, provide architects with new ways
of generating and optimizing architectural designs.
Genetic algorithms mimic natural selection
processes and cellular automata use simple rules to
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create complex and visually appealing patterns that
can define architectural configurations". There are
several iconic buildings that serve as primary
examples of how digital graphics have played a
pivotal role in the design process and shifted the
boundaries of architectural innovation.

One of these cases is the Guggenheim Museum
Bilbao, designed by Frank Gehry (Figure 1). Digital
graphics, especially 3D modeling and parametric
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design tools, played a significant role in shaping the
iconic form of the museum. The use of digital
modeling allowed Gehry and his team to experiment
with various iterations, examining different curves
and angles to achieve the desired aesthetic and
structural coherence. The final appearance and
structure effectively showcase the powerful
integration of digital graphics in architectural
expression.

Figure 1. Guggenheim Museum Bilbao, Spain — https://www.archdaily.com/
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Another example is the National Stadium in
Beijing, also known as the "Bird's Nest," designed by
Herzog & de Meuron for the 2008 Beijing Olympics
(Figure 2). Digital graphics, including parametric
modeling and advanced structural analysis, were
essential to realize the intricate and creative
network-like structure of the stadium. Digital
models facilitated the optimization of the complex
geometry, ensuring the structural stability and
seismic flexibility while creating an iconic and
visually striking architectural landmark.

Furthermore, the Heydar Aliyev Center in
Baku, Azerbaijan, designed by architect Zaha Hadid
(Figure 3), demonstrates how digital graphics can

Figure 2. National Stadium, China - https://www.archdaily.com/
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manifest in fluid and organic architectural forms.
Through the use of digital graphics, including
parametric design tools, the center's dynamic curves
and sweeping lines have been precisely crafted to
evoke a sense of continuous motion and unity. The
digital approach empowers architects to explore
various design scenarios and fine-tune the aesthetics
and performance of the building with precision.

These case studies demonstrate how architects
use digital graphics and advanced tools to push the
boundaries of architectural creativity, resulting in
the creation of astonishing structures that redefine
contemporary architectural forms.
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Figure 3. Heydar Aliyev Centre, Azerbaijan - https://www.archdaily.com/

DISCUSSION

The impact of contemporary
architecture on digital graphics

One of the significant impacts is the emphasis
on minimalism and clean lines in contemporary
architecture, which has influenced digital graphics
and visual communications. The concept of
simplicity and irregular design has permeated
various industries, from web design to mobile
applications, where visual interfaces have become
standardized. The minimalist approach not only
enhances user experiences but also conveys a sense
of modernity and sophistication. Moreover,
exploration of dynamic geometries and parametric
design principles in architecture has inspired
generative art and algorithmic graphics. By using
computational methods similar to generating
patterns, shapes, and visual sequences, artists and
designers can create complex and captivating works
of art that resonate with the dynamic qualities often
seen in contemporary architecture. The integration
of sustainable design principles into architecture has

also increased interest in environmentally and
socially compatible design approaches in various
industries, leading to a shift towards eco-friendly
design in visual communications.

In video games, architects' spatial sensitivities
and knowledge of human behavior have been
influential in creating comprehensive virtual
environments. Architects turned game designers
bring a keen understanding of spatial storytelling,
getting closer to the design of detailed surfaces, and
they create worlds that resonate with players on an
emotional and experiential level. Principles of
circulation, hierarchy, and scale in architectural
design find similarities in the design of game levels,
where players navigate through 3D spaces that
resemble interactive architectural experiences.
Similarly, animation studios utilize architectural
principles to craft believable and visually enticing
animated worlds. Understanding how structures and
environments shape human interactions and
emotions is key to creating animated environments
that convey depth and narrative authenticity.
Architectural design principles help animators
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create cohesive environments that immerse
audiences in the storytelling and narratives of the
animation. Narrative is the organization of clues to
create a story. However, narrative structure in
computer games significantly differs from narrative
organization in other arts. In narrative arts, the text
is prearranged and is then read by the audience, who
interpret it to construct meaning. According to
Barthes [28], a narrative structure is like a text. A
text contains signs that generate meaning. In a
narrative, there are as many meanings as there are
readers. In the contemporary era, the value of an
artistic text and its author is no less than that of the
audience [29].

In the advertising industry, architectural
aesthetics have influenced visual campaigns through
the use of architectural images and design concepts
to establish a connection with the brand's identity
and values. The use of symbolic buildings and urban
landscapes in advertising creates a communication
link between the brand and its target audience.
Simultaneously, "the disorder and chaos in
environmental advertising give a distinct and unique
visual identity to the urban space" [30]. As Mustafa
Asadollahi points out, adhering to the principles and
foundations of environmental graphics can help us
move away from visual irregularities, ugliness,
disorder, and contamination that currently plague
the major cities of the country and assist in
achieving  suitable @ and  beautiful  urban
environments. He believes that graphic art, as a
branch of visual arts, should be employed by urban
planners and architects to create high-quality urban
spaces [31].

Furthermore, architectural principles such as
form and proportion are employed in the design of
logos and visual branding elements to ensure visual
coherence and recognition. By applying architectural
design principles to these areas, the resulting
creativity imbues a sense of depth, realism, and
spatial cohesion that resonates with the audience,
fostering engaging and memorable experiences.

Challenges and ethical considerations

The widespread acceptance of digital graphics
in architecture undoubtedly brings numerous
advantages to the design and visual representation
processes. However, this integration also presents
various challenges and potential risks that architects
must navigate carefully.

1. One of the significant challenges is the
potential for excessive reliance on digital tools and
the subsequent loss of tactile interaction in the
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design process. "There is a substantial difference
between seeing something without a pencil in hand
and drawing it" [32]. The act of design involves the
ability to react to objects; this is the first step in
externalizing an idea. Or as Nauman [33] puts it:
"Drawing is equivalent to thinking." Heavy reliance
on digital graphics may detach architects from the
physicality of materials and construction, limit their
imagination, and potentially lead to designs that lack
a profound understanding of their materiality and
sensory impact. To mitigate this risk, architects must
find a balance between digital simulations and
physical prototypes that enable practical exploration
of design ideas and validation of technical aspects.

2. Another challenge lies in the rapid evolution
of digital technologies. Software and hardware
platforms are often updated, leading to compatibility
issues and the need for continuous learning and
training. Corbi [34] mentions that engineers spend
up to 50% of their time trying to comprehend the
structure of a software system. Nosek and Palvia
[35] state that up to 40% of the total effort spent in
the lifecycle of a software system is required for (re-)
understanding the system during maintenance.
Understanding software architectures (i.e., the
process of acquiring knowledge about -certain
characteristics of a software system) is crucial.
Architectural firms must invest in the latest tools
and ensure that their employees are skilled in
effectively using them. Furthermore, a digital divide
may exist between established firms that can afford
sophisticated tools and smaller companies that may
strive to keep up with rapid advancements. This
divide has the potential to create disparities in
design capabilities.

3. Concerns about data security and privacy
preservation also arise with the extensive use of
digital graphics in architecture. Design files and
sensitive project data may be wvulnerable to
cyberattacks or unauthorized access, posing a
significant risk to intellectual property and client
confidentiality. Implementing robust cybersecurity
measures and training employees on best practices
can help protect against potential data breaches.

As digital graphics and Computer Generated
Imagery (CGI) play an influential role in the
representation and marketing of architecture,
several ethical considerations emerge that architects
and designers must address conscientiously.

1. One of the ethical concerns related to the
overly realistic nature of CGI and its potential to
present architectural projects in an idealized and
misleading manner. While CGI allows architects to
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showcase their designs with extreme photorealism,
there is also the risk of presenting an inaccurately
constructed final reality. Providing overly polished
and flawless representations may create unrealistic
expectations for clients and the public, potentially
leading to disappointment once the physical project
is completed. To address this issue, architects should
maintain transparency in their representation
perspective and consider presenting more realistic
images that highlight potential flaws and site-related
conditions.

2. Furthermore, CGI can influence the social
and cultural perception of architecture. When visual
architectural works primarily consist of luxurious
and advanced projects, it may reinforce social values
that prioritize aesthetics and exclusivity. Ethical
considerations should encourage architects to use
digital graphics in a way that reflects various
architectural contexts, universal design principles,
and social responsibility. Striving to portray
architecture as a medium that addresses social needs
and positively contributes to communities
strengthens the ethical approach to architectural
representation and marketing.

3. There is also an ethical responsibility for the
credibility and respect for the participation of artists,
graphic designers, and CGI experts who create
digital graphics for architectural projects. Proper
appreciation and compensation for these individuals
ensure ethical treatment of the creative workforce
and support a fair and sustainable creative industry.

Future directions and trends

A standard definition of “virtual reality” is hard
to find. The Webster Collegiate Dictionary [36] has
no definition for it whatsoever. 1 A little over two
decades later, we have the following definition: VR is
a “computer-generated environment that, to the
person experiencing it, closely resembles reality”
(Collins Dictionary, [37]). Other definitions of VR
emphasize the participatory aspect whereas VR is
“experienced” (as opposed to “viewed”) and it is
synthetic or fabricated. Addressing the later point,
Regenbrecht and Donath [38] have defined VR as
“the component of communication which takes place
in a computer-generated synthetic space and
embeds humans as an integral part of the system...”.
Both these points — experience and synthetic — are
highlighted by Sherman and Judkins’s [39] five “i”s
of VR: “intensive, interactive, immersive, illustrative
and intuitive.” These characteristics seem to be a
good starting point for a definition. Without one or
more of these characteristics there is no VR.
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Virtual reality is ultimately a type of
“visualization,” a technique which has experienced a
recent boom in professional and academic literature.
Two special issues, one published in Environmental
Communication (2013; Vol 7(2)) and the other in
Landscape and Urban Planning [40], showcase
visualization. The former offers a collection of
scholarly work now emerging and using various
methods in the field of visual environmental
communication research. The latter provides a
critical view of visualization. Although visualization
for environmental and urban planning has
numerous dimensions and applications in the
literature, there is invariably some mention of virtual
reality [41-46]. The future of digital graphics in
architecture holds exciting possibilities driven by
technological advancements and creative visions.
Several trends and innovations are likely to shape
the path of digital graphics, improving architectural
design, visualization, and communications.

In the first phase, the integration of Virtual
Reality and Augmented Reality (VR/AR) has been
set up to transform how architects interact with
designs and how customers experience architectural
spaces. With the continued advancement of VR/AR
technologies, architects can immerse themselves in
virtual environments to gain a deeper understanding
of spatial qualities and ergonomics. Customers and
stakeholders can experience designs through
augmented reality applications and provide valuable
insights before construction begins. The convergence
of VR/AR with other digital graphic tools leads to a
unified and dynamic design workflow, fostering
increased collaboration and exploration in design.

Furthermore, rendering capabilities will
continue to improve and allow architects to visualize
and modify designs instantly. Real-time rendering
engines  provide interactive and lifelike
representations throughout the design process,
reducing the need for time-consuming pre-
rendering.

Additionally, advances in generative design and
artificial  intelligence  (AI) will transform
architectural exploration. Artificial intelligence
algorithms assist architects in creating design
options based on specific parameters and
performance criteria, simplifying the process of
developing innovative and optimal solutions.
Generative design tools encourage a data-driven and
iterative design approach, leading to the creation of
structures increasingly tailored to their contexts and
functional requirements.
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Several emerging trends have a significant
impact on architectural design and representation,
shaping the future of architecture.

One prominent trend is sustainable design,
which arises from global concerns about climate

change and resource depletion. Architects
increasingly use digital graphics for energy
simulations, life = cycle assessments, and
environmental analyses. The principles of

sustainable design, facilitated by digital graphics,
play a crucial role in communicating effective design
strategies for green initiatives and the environmental
impacts of projects, becoming an integral part of the
architectural representation process.

The emergence of parametric and organic
forms continues to influence the aesthetics of
architecture. Advances in computational design tools
empower architects to create innovative and fluid
architectural forms that organically respond to
specific conditions. Digital graphics play a pivotal
role in visualizing these intricate geometries and
enable stakeholders to comprehend them.
Furthermore, the concept of a smart city integrates
digital graphics into urban planning and design.
Digital representation of urban landscapes allows
urban planners to visualize and analyze data from
various sources, enabling informed decisions
regarding infrastructure, transportation, and urban
development. Another emerging trend is the
convergence of digital and physical experiences,
where architects blend virtual elements with the real
world to create more immersive hybrid
environments. Augmented reality enables architects
to overlay digital information onto physical models
and real-world settings, providing an interactive and
comprehensive design review experience.

CONCLUSION

The exploration of the co-evolution of digital
graphics and contemporary architecture has shed
light on the profound impact of digital graphics on
the field of architecture and its coexistence with
contemporary architectural practices. Throughout
this article, we have delved into the historical
evolution of digital graphics in architecture, its
integration into the design process, its influence on
visual communication in industries, and the ethical
challenges and considerations arising from its
extensive use. The culmination of these insights
underscores the significance of this interaction for
the future of architecture and digital design.
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In summarizing the main findings, it has been
observed that digital graphics have transformed
architectural representation techniques, enabling
architects to create realistic renders, animations, and
virtual reality applications that enhance the
understanding and emotional connections with
design concepts. A comparison between traditional
architectural drawings and digital graphics has
highlighted the comprehensive and interactive
features provided by digital displays, enhancing
design communications and collaboration. The
integration of digital graphics into the design
process has reshaped architectural methodologies,
allowing architects to explore ideas with greater
flexibility and efficiency.

Parametric design and algorithmic tools have
played a pivotal role in shaping contemporary
architectural forms, introducing dynamic and
adaptive structures that respond to existing contexts
and criteria. The aesthetics and design philosophies
of contemporary architecture have been a source of
inspiration for digital graphics in various industries,
such as video games, animation, and advertising,
enriching the visual language and user experiences
in these fields. This influence extends beyond
aesthetics, encompassing social and environmental
considerations, and promotes sustainable and
inclusive design approaches.

However, with the extensive use of digital
graphics, architects face challenges such as the risk
of over-reliance on digital tools and the need to
address data security concerns and privacy
preservation. Ethical considerations related to the
use of computer-generated images in architectural
representation and marketing demand transparency,
inclusivity, and responsible visualization of design
concepts.
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Submission

The manuscript and other correspondence should preferentially be submit online. Please embed all figures and tables in the
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will send an email regarding your submission. Meanwhile, the authors can submit or track articles via jaas@science-line.com or
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Supplementary tables and figures should be labeled with a "S", e.g. "Table S1" and "Figure S1". The maximum file size for
supplementary materials is 10MB each. Please keep the files as small possible to avoid the frustrations experienced by readers
with downloading large files.

Submission to the Journal is on the understanding that
1.The article has not been previously published in any other form and is not under consideration for publication elsewhere;
2.All authors have approved the submission and have obtained permission for publish work.

Graphical Abstract

Authors should provide a graphical abstract (a beautifully designed feature figure) to represent the
paper aiming to catch the attention and interest of readers. Graphical abstract will be published
online in the table of content. The graphical abstract should be colored, and kept within an area of
12 cm (width) x 6 cm (height) or with similar format. Image should have a minimum resolution of
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after a manuscript is accepted for publication. See more sample graphical abstracts in archive.
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New Roman (font sizes: 17pt in capitalization for the title, 10pt for the section headings in the body of the text and the main text,
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2. Name(s) and Affiliation(s) of author(s) (including post code and corresponding Email);

3. ABSTRACT;
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5. Abbreviations (those used throughout the manuscript);

6. INTRODUCTION (clear statement of the problem, the relevant literature on the subject, and the proposed approach or
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8. RESULTS;

9. DISCUSSION;

10. CONCLUSION;

11. DECLARATIONS (Acknowledgements, Consent to publish, Competing interests, Authors' contributions, and Availability of
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12. REFERENCES;
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Methodology should be complete enough to allow experiments to be reproduced. However, only truly new procedures should be
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