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Abstract

Artificial Intelligence (AI) and Natural Language Processing (NLP) are transforming how designers
approach and execute their tasks, fundamentally altering the landscape of various design disciplines,
including industrial, fashion, interior, interface and visual communication design. This research explores
how generative Al and NLP can significantly enhance the creativity and functionality of design processes.
The goal is to investigate and develop applications of Al and NLP in design, evaluate the integration of
these technologies into existing workflows, and address ethical considerations essential for sustainable
innovation. By examining the intersection of AI and NLP in design, this research aims to develop a
system that integrates these technologies to facilitate the creative process of designers and to establish
practical guidelines.
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1. Introduction

Design is a discipline focused on the interaction between users and the human-created envi-
ronment, considering aesthetics, functionality, context, culture, and society. It includes a wide
range of applications, from physical objects and digital environments to business strategies and
service systems. Over the last 20 years, the integration of Artificial Intelligence (Al) in design
has led to an era of unprecedented transformation. Al is transforming how designers work,
providing new working models across various design sectors, including a specific focus on
fashion trend prediction, thereby opening new frontiers of innovation, efficiency and creativity.
This technological evolution has sparked increased interest among researchers, aiding in the
development of new methods and Al-based applications for tasks in different design sectors.
These advancements have enabled computers to automatically perform some tasks that were
traditionally done by humans. While it is true that Al will radically alter design tasks and who
performs them, many researchers agree that its greatest impact will lie in complementing and
enhancing human creativity, rather than replacing it [1, 2].The field of design is populated by
designers from all specializations, but regardless of the type of design, the process of designing
is at the core of their practice. According to the International Council of Design (ICoD) [3], the
most common types of designs are:

« Visual communication design: specializes in creating visual elements ranging from graphic
design work such as books and magazines, websites, apps, to the conceptualization of
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more abstract systems related to brand identity and strategic planning.

« Industrial or product design: focuses on creating products intended for industrial manufac-
turing, applying their understanding of materials, manufacturing methods, and ergonomic
principles to design furniture, electronic devices and more.

« Fashion Design: focuses on creating clothing, accessories, and other items, utilizing
designers’ expertise in materials, sewing techniques, pattern design and manufacturing.

« Interior design: focuses on creating interior environments, using designers’ knowledge
of materials, construction elements, decorative coatings and space distribution to design
interiors that are functional and aesthetically pleasing.

« Interaction design: encompasses both service design and UI/UX design, where designers
work to design websites, web applications, and other digital tools.

The previously mentioned categorization helps to better understand the diversity of the
design world, and it is important to note that these categories are not rigid, and some disciplines
may overlap or not fit perfectly, reflecting the multifaceted and constantly evolving nature
of design. Each of these types of design is uniquely influenced by Al resulting in a diverse
and exciting landscape of applications. In particular, Natural Language Processing (NLP) has
emerged as a powerful tool for understanding and generating creative content that responds to
complex human contexts and needs, thereby amplifying the capacity for innovation in design.
Within this field, Large Language Models (LLMs) play a crucial role, facilitating the automation
of complex tasks and expanding creative capabilities in the interaction between designers and
computational systems. However, it is critical to consider the ethical implications of their use,
especially in terms of potential biases that may arise. The relevance of these technologies in
design lies in its innate ability to optimize processes and unlock new horizons of innovation.
Over time, Al has evolved from a tool for automating simple tasks to becoming a creative
collaborator, capable of generating ideas, predicting trends and understanding complex human
interactions. Al has revolutionized the field of design, ushering in a new era where technology
and creativity merge.

This article represents the research plan that will be carried out, focusing on the analysis of
the role of generative Al and NLP in the field of design. The increasing integration of these
advanced technologies represents a significant impact that warrants detailed exploration. This
research aims to deeply analyze the convergence between different AT and NLP tools and design
across multiple disciplines, identifying their impact and relevance and analyzing the integration
of ethical considerations to ensure that technological advances are applied responsibly and
fairly. By virtue of this, the present research has the potential to contribute to the understanding
and application of Al and NLP in the field of design, providing an updated and comprehensive
perspective of this exciting and constantly evolving field. This exploration will allow us to
identify current and future trends, and establish a framework that can guide designers and
researchers in the effective integration of Al-based tools into their creative processes. It aims to
foster a closer collaboration between artificial intelligence technology and traditional design
practices, maximizing the benefits and minimizing the risks associated with its implementation.



2. Background and related work

Numerous studies have been conducted on the use of Al in design, analyzing its concrete
applications across various domains such as engineering and industrial design [4, 5, 6], interior
design [7, 8],fashion design [9], interaction design [10, 11] and visual communication design
[12]. In particular, special attention has been paid to generative artificial intelligence and the
use of NLP within these domains.

2.1. Generative Al applied to design

Generative Artificial Intelligence is revolutionizing various design fields by introducing auto-
matic and efficient methods for creating and optimizing prototypes. In fashion design, Al tools
are transforming how designers experiment with patterns, colors, and textures, enabling the
creation of collections that dynamically respond to emerging trends and consumer preferences,
for example, the study by Jeon et al. (2021) [13]. Furthermore, the application of Al in interior
and environmental design is beginning to show promising results, where generative models
assist in creating sustainable and ergonomically viable spaces. As seen in the study by Guoxing
Chen (2022) [14], by utilizing data-driven insights and simulation techniques, these tools can
propose layouts and material selections that optimize for energy efficiency and user comfort,
significantly enhancing the livability and sustainability of built environments. In industrial
design, Al algorithms enable rapid prototype development by predicting and optimizing the
functionality and aesthetics of products before manufacturing, which reduces costs and de-
velopment times, such as a study by Vasantha et al. (2022) [15]. As illustrated by the study
conducted by Villalba and Palomar (2024), which is currently under review, significant trends
have been observed in the application of Al to industrial design. These trends include:

+ The use of Natural Language Processing (NLP), language models, and generative Al in
the definition and analysis of customer requirements.

« The use of advanced Deep Learning (DL) techniques for the automated evaluation and
optimization of prototypes.

These trends highlight the increasing applications of Al in design and demonstrate how tech-
nological advances are reshaping the field. Due to this, it is crucial to explore how NLP can
further amplify these advancements. The potential of NLP will be analyzed in the next section,
where its specific applications in the design field will be examined.

2.2. NLP applied to design

In the following subsections, we analyze the most notable applications of NLP within the field of
design. These applications highlight the diverse ways in which NLP enhances design processes
and outcomes.

2.2.1. NLP for visual content generation

NLP has become a key tool for facilitating and enhancing communication between designers
and computational systems, especially in image generation and visual content creation. In



design communication, NLP helps to translate verbal requirements into detailed technical or
visual specifications, improving precision and efficiency in project planning, as demonstrated
in the study by West et al. (2018) [16]. In NLP-based image generation, this technology is used
to convert textual descriptions into detailed visual images. This approach has found significant
applications in advertising and marketing, where product descriptions are transformed into
attractive and accurate visual representations, enhancing consumer interaction and product
presentation. For example, a study by Sawant et al. (2021) [17] demonstrates how NLP can be
utilized to interpret textual descriptions and convert them into detailed visual representations,
facilitating the creation of more accurate and contextually relevant design elements. A study
conducted by Saharia et al. [18] proposed the Imagen model, a text-to-image diffusion model
with an unprecedented degree of realism and depth of language understanding. Imagen builds
on a LLM for understanding text and utilizes a diffusion model’s strengths for generating
high-fidelity images. In their study, Avrahami et al. (2022) [19] introduce a new method for
editing natural images using text descriptions. This approach integrates a language-image
model (CLIP) with a difusion model (DDPM) to ensure that text-driven edits blend seamlessly
into the original images, enhancing both realism and contextual accuracy.

2.2.2. NLP for requirement extraction and analysis

NLP is used to extract and analyze requirements from textual data, which is vital in the early
stages of the design process. NLP techniques can sift through large volumes of user feedback,
product reviews, and other text sources to identify functional requirements and user preferences.
For instance, in the fashion industry, NLP can analyze social media posts, fashion blogs, and
online reviews to predict emerging trends and consumer preferences, enabling designers to
create collections that align with market demands. Text classification and sentiment analysis
are commonly applied to user reviews to highlight features that need improvement or are highly
valued by customers. These insights are crucial for designers to prioritize development areas
and align product specifications with user expectations. A notable implementation of this is
described in the research by Wu et al. (2019) [22], where NLP was leveraged to automate the
extraction of user requirements from online product reviews, significantly speeding up the
iterative design cycles. Additionally, Akay et al. (2021) developed a system that utilizes deep
learning-based NLP to automate the extraction of structured functional requirements from
textual design documents [20].

2.2.3. NLP for user interaction

NLP technologies play a crucial role in enhancing user interaction through the development
of intelligent user interfaces. These interfaces employ NLP to understand and respond to user
inputs in a natural manner, making technology more accessible and intuitive. Chatbots and
virtual assistants are prime examples of NLP applications that simulate human-like interactions,
allowing for a more personalized user experience. For example, in the field of e-commerce,
NLP-driven chatbots guide users through complex catalogs to find products that meet their
needs, as shown in the deployment by Sasidharan Pillai (2023) [21]. Additionally, Zukerman and
Litman (2001) discuss how NLP and user modeling can synergistically enhance user interactions



by adapting system responses to user needs and preferences, thereby improving communication
effectiveness and system usability in user interfaces [22].

2.2.4. NLP for design automation

Natural Language Processing (NLP) is increasingly being integrated into design tools to automate
routine tasks, such as generating documentation and assisting in the creation of design models
from textual descriptions. This automation not only speeds up the design process but also helps
maintain consistency and compliance with standards. For instance, automated documentation
tools powered by NLP can interpret design changes and automatically update design documents
accordingly. This reduces the manual effort required and minimizes human error, as explored
by Akay and Kim (2021) [23]. Their research demonstrates the potential of NLP to significantly
streamline the extraction of functional requirements from design documentation, enhancing the
efficiency of the design process. Furthermore, generative design systems use NLP to interpret
user inputs and generate design alternatives, which are then refined through iterative processes.
These systems enable designers to explore a broader array of design options more efficiently,
enhancing creativity and innovation in design practices.

3. Description of the proposed research and hypotheses

The primary objective of this research will be to investigate and develop the Al and NLP appli-
cations on design and understand how Al is transforming this field in terms of methodologies,
tools, and outcomes.

3.1. Objectives

In this research the following objectives will be pursued:

1. Identify and classify the current applications of Al and NLP in design, in order to establish
a clear overview of its uses, advantages, and limitations across different types of design.

2. Analyze use cases where Al and NLP has been implemented in successful design projects,
to understand best practices and the challenges encountered during its integration.

3. Investigate the role of Al and NLP, as well as the perception and acceptance of these
technologies among design professionals, through surveys and interviews conducted by
researchers, to assess current attitudes and barriers to its adoption.

4. Develop language and image generation models that utilize NLP and LLMs for design
applications, detailing the specific NLP tasks and techniques that will be investigated,
such as trend prediction, requirement extraction, and bias detection.

a) Generate image databases from the fashion domain.

b) Develop a fashion trend observation system based on NLP using digital fashion
entities.

¢) Develop the image model.

5. Ensure the quality of the corpus used for language models by implementing image bias
detection and mitigation techniques, and address ethical issues and biases explicitly with
clear methodologies.



3.2. Hypotheses

For the study of the application of artificial intelligence and natural language processing on
design, the following hypotheses are pursued:

1.

The implementation of Al and NLP techniques in design process leads to significant
improvements in optimization, innovation, and customization of final products, compared
to traditional methods.

In fashion design, the use of Al and NLP to analyze trends and consumer preferences re-
sults in collections that are more closely aligned with current market demands, increasing
customer satisfaction and business profitability.

. The application of Al in industrial design facilitates faster and more accurate creation of

prototypes, improving the efficiency of the product development process and reducing
operational costs.

The use of Al technologies in interior design allows for deeper and more accessible cus-
tomization, enhancing user experience and expanding design options without significantly
increasing costs.

The integration of Al and NLP in interface design improves the usability and accessibility
of digital applications, contributing to a better user experience.

. In the field of visual communication, artificial intelligence facilitates the generation of

innovative and adaptive graphic content, enhancing visual communication in terms of
relevance and visual appeal for different audiences.

4. Methodology

A comprehensive methodology will be developed to validate the research hypotheses. This sec-
tion will outline the experimental design, data collection, preprocessing, and analysis methods.

4.1. Experimental design

The experimental design will include a series of controlled experiments to evaluate the effec-
tiveness of Al and NLP applications in various design fields.

« Data Collection: Data will be collected from multiple sources, including design documents,

user feedback, and online reviews. For the fashion trend prediction, data from social
media, fashion blogs, and retail websites will be used.

Data Preprocessing: Text data will be cleaned and preprocessed using standard NLP
techniques. Images will be processed using computer vision techniques to ensure consis-
tency and quality. Specifically, for fashion design, NLP techniques will be employed to
analyze text data from fashion-related sources to extract relevant trends and consumer
preferences.

+ Analysis Methods: Advanced machine learning and deep learning models will be used to

analyze the data. For NLP tasks, techniques such as text classification, sentiment analysis,
and trend prediction will be applied.



4.2. Evaluation metrics
Clear evaluation metrics will be defined to measure the success of the proposed approaches.

« Accuracy: The accuracy of trend predictions and requirement extraction will be measured
using standard metrics such as precision, recall, and F1-score.

« User Satisfaction: Surveys and user studies will be analyzed to measure user satisfaction
and the perceived impact of Al and NLP tools on their design process.

- Efficiency: The time and resources saved by using Al and NLP tools compared to tradi-
tional methods will be evaluated.

4.3. Validation techniques
The results will be validated using multiple techniques to ensure robustness and reliability.

« Cross-validation: To prevent overfitting, cross-validation techniques will be employed.

« User Studies: Real-world user studies will be conducted to validate the practical effective-
ness of the developed models and tools.

« Comparative Analysis: The performance of the proposed methods will be compared
against existing state-of-the-art approaches to demonstrate their quality.

5. Research issues to discuss

Several research issues are suggested and briefly discussed to advance the application of Al and
NLP in design effectively and efficiently.

+ Use of LLMs for design:
Integrating Large Language Models (LLMs) into the design process is revolutionizing
how designers interact with digital tools. These models facilitate the automation of
manual tasks and the generation of design elements from natural language descriptions,
enhancing their creativity.

« Image Bias Detection and Mitigation
Analyzing current techniques and developing new methodologies to identify and correct
biases during the training and application phases of models is essential.

+ Trend Prediction in Fashion
The research will explore the application of Al and NLP in predicting fashion trends.
By analyzing text data from fashion blogs, social media, and retail websites, the study
will develop models to forecast upcoming trends in both textual and visual content.
This will help designers and brands stay ahead of market demands and enhance their
decision-making processes.
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