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Abstract

In today's big data era, the widespread use of data not only brings unprecedented
opportunities and challenges but also redefines the boundaries of innovation. Ef-
fective collection, analysis, and utilization of data have become the core elements
for gaining competitive advantage and driving innovation in all industries. This pa-
per explores the close integration between data and design, revealing the profound
impact of the data era on the design field. By analyzing a variety of data use cases,
we show how data has reshaped design thinking, changed design processes, en-
riched design tools, and expanded design expression. This research aims to help us
gain a deeper understanding of how to maximize the potential of data to create
smarter, more insightful solutions in the design domain to meet future design chal-

lenges and push the frontiers of innovation. This will open up new areas of innova-
tion and more possibilities for the sustainable development of society and industry.
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1. Mathematics Influences the Evolution of Design

From the origins of ancient mathematics, such as sheep counting chips in Mesopotamia and technological systems in
Ancient Egypt, to the philosophical idea of Pythagoras that “everything counts” in the first few hundred years of his
life, numbers have always played an important role in human civilization (Zhang Q, 2019). All kinds of phenomena
in nature have a common quantitative relationship, and this quantitative relationship is extremely important for un-
derstanding the natural world (Qi Leilei, 2016). These early mathematical achievements laid the foundation for the
later number theorems, linking mathematics to the interpretation of the world, and over time, the applications and
theories of mathematics have undergone dramatic changes. Moving into the modern era, particularly under the influ-
ence of artificial intelligence algorithms, design concepts, typologies, and languages of expression have undergone
revolutionary transformations (Cai Shushan, 2023). In the context of the data age, design is no longer confined to the
traditional fields of art and engineering, but is closely linked to data. Today, the direction of the design and the path
of practice is closely linked to data, and data-driven design methods are emerging, with designers analysing large-
scale datasets to guide design decisions, and artificial intelligence algorithms to more accurately anticipate and satisfy
user needs. Design is no longer just about creating beautiful objects; it is also key to solving problems, optimising
processes, and delivering intelligent experiences. Thus, we can see that the evolution of mathematics and the evolu-
tion of design are closely intertwined, driving us to continually adapt and shape the future of the digital age.

2. The Transformation of Design Concepts in the Context of Big Data

Big Data refers broadly to the vast, complex, and confusing ocean of information that we are currently able to compile
and scrutinize about every conceivable aspect of the known world. Massive amounts of Big Data are not just about
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us, they are also generated by us (Gordon Knox & Yun Wang, 2016). Nowadays, design managers try to quantify the
design to validate and deduce a product design that will surely be accepted by the market, and such a design method
is called data-driven design (Liu Yi, 2011). It is clear that the impact of data on the field of design is primarily in the
synergy of technological innovation. This impact is not limited to one aspect of design but involves all aspects of
design, including design concepts, design processes, design tools, and key aspects of design expression. The incor-
poration of data has provided designers with unprecedented resources and support to create smart, efficient, and
creative solutions. This synergy will continue to drive the design field towards greater innovation and sustainability,
opening up endless possibilities for the future of design.

Firstly, the concept of design is undergoing unprecedented innovation. With the rapid development of information
technology, the social landscape has undergone a fundamental change, which is not only limited to the technological
level but also has a profound impact on the field of design, allowing it to touch the deeper levels of social culture. In
this new context, the way individuals engage with the world has been greatly extended in both time and space, and
both designers and audiences can interact and collide with more diverse cultural and artistic trends, creating a highly
creative environment that offers designers unlimited possibilities. They can draw inspiration from around the globe
and incorporate elements from different cultures into their designs. For example, modern architects can draw inspi-
ration from Eastern philosophies, incorporating balance, harmony, and spiritual depth into their buildings to create
aesthetically pleasing and meaningful architecture. Another example is the field of fashion design, where designers
can cross borders and incorporate elements of traditional dress from different countries into modern fashion design
to create innovative and culturally rich fashion collections. In addition, the fact that ideas from different cultures are
exchanged in the same context means that designers can gain a deeper understanding of the core concepts and values
of various cultures. For example, the rise of social media platforms has enabled users across the globe to share their
lives, culture, and creativity. This data can be used by designers to understand the trends and resonances of different
cultures so that they can better meet the needs of audiences in different regions. This exchange of cultures and parsing
of data provides designers with a broader perception of design, prompting them to incorporate diverse elements into
their work, thereby creating work with greater depth and breadth. Thus, the age of data opens the door to unprece-
dented creativity for designers, who are able to incorporate elements from different cultures to create works of greater
depth and breadth. This era has pushed design to a new level, encouraging innovation and cross-cultural exchange,
bringing more possibilities to the design field. It also reflects the fact that design is no longer an isolated field, but
part of a complex network that is closely linked to society, culture, and technology.

Globalized Inspiration Drawing

Changes in Design Philosophy

Deepening Cultural Understanding

Meeting the needs of

Cross-cultural design different regions

Figure 1. Changes in Design Concepts.

There is no doubt that the impact of data in the design field has been primarily in the synergy of technological
innovation. The impact of this revolutionary change has been so wide-ranging that it has not been limited to one area
of design, but has profoundly affected all aspects of design, encompassing key areas such as the design process,
design tools, and design expression. This data-driven design transformation has fundamentally changed the landscape
and operation of the entire design field.

Typically, the design process consists of market research, design direction and principle setting, actual design,
validation, and post-adjustment. However, in a data-enabled design environment, these traditional steps are being
revolutionized to enable more efficient and intelligent collaboration. This data-influenced change in the design pro-
cess not only improves the efficiency of the entire design process but also greatly enhances the accuracy of design
goals and market adaptability. In the automotive manufacturing industry, for example, this industry has been actively
utilizing big data analytics to improve the design process. In the past, there could be a large time lag between market
research and design development, resulting in products that may no longer be able to meet the latest needs and trends
by the time they are launched in the market. However, now, with data support, data from market research can be
transmitted to the design team in real time. This means designers can accurately understand user feedback and market
trends, and quickly adjust product direction and planning to meet changing needs. In addition, the relevance and
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continuity of data make the design process more collaborative. Designers, engineers, market analysts, and other pro-
fessionals in different fields can collaborate in real time by sharing and analyzing data. For example, when designing
a car, designers can develop initial design solutions based on market research data, engineers can then instantly assess
the feasibility of these solutions, and market analysts can monitor market feedback in real time. This collaborative
mode of operation can greatly accelerate the product design and development cycle. This transformation of the design
process is not only evident in the automotive industry, but also in a wide range of other sectors. Through data-enabled
intelligent collaboration, design teams can respond more flexibly to changes in market demand and more accurately
meet user expectations, driving product innovation and market competitiveness. This transformative trend will con-
tinue to shape the future of design.

Real-time market research

Changes in the design process

High efficiency and accuracy

Data Collaboration Data correlation and continuity

Figure 2. Changes in the design process.
3. The Development of Intelligent Design Tools

Now that the core of intelligence is embedded in vast amounts of data, Al technologies are actively intervening in
the field of design, changing it into a place of innovation like never before. These technologies, as powerful tools for
design, are data-based and combine traditional machine learning algorithms with cutting-edge technologies such as
neural networks to give machines the ability to cognize, learn, and remember. This change has evolved the design
paradigm from humans providing rules and data to humans providing data and answers and then outputting the rules
through machine learning. In the future, designers will be able to free themselves from burdensome and repetitive
design tasks and focus more on developing design rules and strategies, providing a wider scope for innovation. For
example, in the field of medical device design, the application of machine learning has attracted widespread attention.
Traditional medical device design relies on a lot of medical knowledge and experience, but with the accumulation of
data, machine learning algorithms can analyze medical images, case data, and clinical studies to help designers better
understand disease characteristics and patient needs. Based on the output of machine learning, designers can more
accurately formulate the specifications and features of medical devices, thereby improving their performance and
suitability. This approach not only improves design quality but also shortens the development cycle, promising a
better healthcare experience for patients. In addition, the combination of data and design tools is evolving. Data-
based design tools not only effectively improve design efficiency and reduce design costs, but also creatively incor-
porate designers' creative elements, including creativity in form, material, process, and volume. Taking building de-
sign as an example, architects can use advanced modeling tools that incorporate geographic information and meteor-
ological data in order to achieve more efficient building energy management. This not only helps to reduce energy
waste but also ensures that the building is visually and functionally optimal.

Liberating designers

Changes in design tools

Tool Intelligence Fusion of Creative Elements

Figure 3. Changes in design tools.
4. The Diversity of Design Expression

At the same time, data has brought great changes to the expression of design. In the digital era, design is no longer
limited to the traditional two-dimensional plane and solid three-dimensional space, and the application of data pro-
vides more innovative and diverse ways of expression for design. This revolutionary impact not only makes design
more vivid and infectious but also expands the imagination of designers and audiences. The application of data makes
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design expression more three-dimensional and rich. Take virtual reality (VR) technology as an example, it has been
widely used in a variety of fields, including architecture, gaming, and education. In architectural design, designers
can create virtual models that allow clients to experience design concepts first-hand in a virtual environment. Such
an experience is far more convincing than a floor plan or model, and the client is able to understand the details and
atmosphere of the design in greater depth. This not only improves the communication effect of the design but also
provides more creative space for designers. Second, the ability to present data visually drives the artistry of design.
Data visualisation has become an important way of design expression, transforming abstract data into concrete
graphics and images. For example, infographics and data visualisations can present complex data in a clear and en-
gaging way, making it easier for audiences to understand and remember information. This approach is widely used
in news media, scientific research, and business reports. As an example, the New York Times reported the Obama
federal government's proposed budget expenditures in a "dendritic" ratio, which not only improved the attractiveness
of the report but also helped readers better understand the story behind the data (Sun Pin-Yi & Zhou Feng, 2016). In
addition, the interactivity of the data enhances the user experience of the design. With the rise of mobile apps and
interactive websites, users want to be more actively engaged and interactive, not just passively watching. Using a
data-driven approach, designers can create apps and websites that interact with users. For example, health-tracking
apps such as Fitbit and Apple Watch employ data visualisations that allow users to track their health data such as
steps, heart rate, and sleep quality in real time. Users can interact with this data, set goals, and monitor progress, and
this engagement enhances user stickiness with the app. Data also provides designers with more creative inspiration.
By analysing and exploring data, designers can discover new design elements and trends. For example, fashion de-
signers can leverage big data analytics on social media to understand consumer fashion preferences, so they can
design a clothing line that is more in line with market demand. This data-driven creative process provides designers
with more creative inspiration and a basis for decision-making. And, the real-time nature of the data improves the
timeliness of the design. Real-time data analysis has become a key tool in digital advertising and social media mar-
keting. Designers can adjust ads, promotions, and social media content based on real-time data to better respond to
audience needs and market trends. For example, an e-commerce company can adjust online advertisements and prod-
uct recommendations based on real-time sales data and user behaviour to improve sales efficiency.

Applications of Virtual Reality
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Figure 4. Variety of Designh Expressions.
5. Conclusion

Today, data has become a powerful force for change in design, bringing unprecedented diversity, innovation, and
interactivity to design. This impact is not limited to improvements in design, but also profoundly changes the way
designers work and the challenges they face. One of the challenges faced by designers in this context is to constantly
learn and adapt to new technologies. As technology continues to evolve, new tools and platforms are constantly
emerging in the design field, often closely linked to technologies such as data analytics, artificial intelligence, and
virtual reality. As a result, modern designers not only need to be well-versed in design principles and aesthetics, but
also need to constantly update their digital skills in order to fully utilize these new technologies to bring innovation
to design. Second, the widespread use of data raises important issues such as privacy and ethics. Designers must find
a balance between innovation and ethics to ensure sustainability and social responsibility in design. For example,
when collecting and utilizing user data, designers need to ensure compliance with privacy regulations and ethical
guidelines to protect users' privacy. In addition, the diversity and complexity of data make it necessary for designers
to have a deeper understanding of different domains. Design is no longer an isolated field, but is closely related to
interdisciplinary fields such as science, engineering, and sociology. Therefore, designers need a broader background
of knowledge to better meet the challenges of interdisciplinarity, adapt to this digital era, and provide better design
experiences for society, business, and users.
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