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In the context of technological evolution and Industry 5.0 (15.0), with a focus on Atrtificial
Intelligence (Al), significant challenges and opportunities arise for the design and
development of products. The growing globalization of the market demands companies
to be agile, sustainable, and resilient. Therefore, this work addresses the connection
between Al and product design from the perspective of Industrial Design Engineering.

The study is based on documentary research that examines the implementation of Al in
the Product Design and Development Process (PDDP). It explores not only the
possibilities and resources associated with Al, but also the methods and strategies
applied throughout all phases of the process.

The findings reveal that Al poses ethical and technical challenges, while also offering
transformative opportunities, proving key to tackle contemporary challenges in product
design. Despite its complexity, Al enhances creativity and expedites the design process.
Addressing ethical and technical challenges is crucial to fully harness the transformative
potential of Al in product design and development, emphasizing its pivotal role in 15.0.
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Disefiando el Futuro 5.0: Retos y Oportunidades de la Inteligencia Artificial en el
Proceso de Diseno y Desarrollo de Productos

En el contexto de la evolucién tecnoldgica y la Industria 5.0 (15.0), con énfasis en la
Inteligencia Artificial (IA), se plantean importantes desafios y oportunidades para el
disefio y desarrollo de productos. La creciente globalizacién del mercado exige a las
empresas ser agiles, sostenibles y resilientes. Por ello, este trabajo aborda la conexion
entre la IA y el disefio de productos desde la perspectiva de la Ingenieria en Disefio
Industrial.

El trabajo se basa en una investigacion documental que examina la implementacion de
la IA en el Proceso de Disefio y Desarrollo de Productos (PDDP). Se exploran no solo
las posibilidades y recursos asociados a la IA, sino también los métodos y estrategias
aplicados a lo largo de todas las fases del proceso.

Los resultados revelan que la IA presenta retos éticos y técnicos, y ofrece oportunidades
transformadoras, resultando clave para afrontar los desafios contemporaneos en el
disefio de productos. A pesar de la complejidad, la IA potencia la creatividad y acelera
el proceso de diseno. Abordar los retos éticos y técnicos es crucial para aprovechar al
maximo el potencial transformador de la IA en el disefio y desarrollo de productos,
destacando su papel clave en la 15.0.
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1. Introduction

In the context of the so-called information age, where the role of ICT and digital technologies
is key (Pilloni, 2018), the origin of the technologies associated with Atrtificial Intelligence (Al) is
located around 1950. The passage of time and important technological advances are gradually
positioning “machines” at the center of the sociotechnical system, as part of the so-called
contemporary knowledge society (Bednar & Welch, 2020).

The technological infrastructure of Industry 4.0 (14.0) is strengthened in the 21st century by
integrating various technological enablers, such as cyber-physical systems, big data,
blockchain, cloud computing, digital twins, additive manufacturing, virtual reality, collaborative
robotics, artificial intelligence, among others (Maddikunta et al., 2021; J. Zhou et al., 2018).
This accelerates the arrival of the Industry 5.0 (15.0) paradigm with the human-centricity
approach, which proposes combining human capabilities with the recent skills acquired thanks
to new technologies (Nahavandi, 2019). The desired manufacturing systems are smart,
resilient, sustainable and human-centered (Fraga-Lamas et al., 2021). These recent changes
have had a significant impact in areas such as Industrial Design (Chapuis et al., 2013).

I5.0 proposes taking advantage of the creativity of human beings in collaboration with
intelligent machines (Goujon et al.,, 2024), making use of global networks in real time to
guarantee coordinated and complex processes (Ghobakhloo et al., 2023). In particular, the
implementation of Al as a tool in Product Design presents different opportunities to establish
synergies and facilitate processes in a constructive way (T. Zhou et al., 2022). Numerous
utilities, such as making decisions based on defined patterns and criteria, estimating variables
using predictive models and generating images, among others, can be of great help in the
Product Design and Development Process (PDDP). However, with the proliferation of Al-based
tools, new legal and ethical challenges also arise for professionals and companies (Dhirani et
al., 2023).

Among diverse definitions, Al can be broadly defined as a branch of computer science, focused
on the study and creation of systems that successfully recreate processes linked to human
intelligence, such as learning, reasoning, responding to perceived stimuli or decision making,
among others. To do this, this technology applies different algorithms and mathematical
models based on the analysis of large amounts of data. For this reason, Al is frequently
associated with the specific technologies that support it in the context of 15.0, such as data
mining, machine learning, neural networks or deep learning (Guo et al., 2020).

Issues such as smart manufacturing (Bi et al., 2021; lvanov, 2022), and mass customization
through the creation of personalized products (Adel, 2022; Aphirakmethawong et al., 2022),
are recent challenges and lines of research that currently arouse great interest among the
academic and industrial community (Ordieres-Meré et al., 2023). In this sense, the possibilities
of Al are numerous from the perspective of Industrial Design Engineering and Product
Development (Deng et al., 2010). Lee (2021) states that Al can improve social sustainability in
product design. And for his part, Ghoreishi (2020) explores the possibilities of technologies
associated with Al for the Circular Economy. With specific application cases, different authors
who implement Al as a generative design tool will be presented in this work, showing its
transformative potential (Aphirakmethawong et al., 2022; Matejka et al., 2018; Yoo et al.,
2021).

This article has been structured according to the specific objectives defined in this work, and
it is summarized below for its understanding. Starting from a brief contextualization of Al in
relation to 15.0, the specific objectives of the study are outlined. Section 3 presents the literature
review process, focused on the contribution of Al as an applied tool in the PDDP according to
the vision of different authors. Next, the theoretical framework of Al in the field of Product
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Design is developed and its uses and application cases of interest are discussed. Section 4
describes the main challenges and limitations, pointing out important considerations in the
technical, ethical and legal dimensions of Al as a design tool. Consequently, a methodological
model to support the early stages of the PDDP with applied Al tools is proposed. Finally, the
conclusions drawn from the study are summarized to promote the responsible use of Al as a
design tool to make the most of its transformative potential.

2. Objectives

In relation to the object and scope of this work, it must be said that this work is part of a research
on Product Design applying Al in the context of 15.0, with emphasis on Artificial Generative
Intelligence and generative design. The state of the art carried out from the review of current
articles and studies reveals the rise of technologies associated with Al, and in turn it has made
it possible to detect a lack of methodological analysis and approach in the early phases of the
PDDP on integration of these technologies, with diffuse guidelines regarding the appropriate
tools and methodologies from the perspective of Industrial Design.

Therefore, the purpose of this work will be to fill this gap, presenting the challenges and
opportunities associated with these technologies through documentary research with a critical
approach. The review process is detailed in the following section, contemplating a time horizon
from the year 2000 to the present.

The following are established as particular objectives:

e OL1. Corroborate the growing interest in Al as a new tool for product design;

o 0O2. Present the advantages and opportunities of Al in the design process, allowing to
optimize and facilitate specific phases;

e 03. Analysis of the challenges and limitations that currently exist with a critical
approach, as points of improvement in the development of these technologies;

e 0O4. Proposal for a methodological model to support the application of these
technologies in a responsible and ethical manner, allowing synergies between human
and artificial intelligence.

All these objectives are developed under the human-centricity approach, one of the pillars of
the 15.0 paradigm.

3. Review Methodology

Considering the horizon limited between the year 2000 and 2023, a total of 1,084 publications
were identified that responded to the search [“artificial intelligence” OR “Al” AND “product
design”] in the area of Engineering. As shown in Figure 1 (a), the search in the Scopus
database provides evidence of the growing interest in the connection between both concepts.
Starting in 2015, the increase in research efforts begins according to the number of annual
publications. This growth trend continues to this day, evidencing the increasing interest in Al
as a new tool for product design, in reference to Ol1. The graph in the same period is also
shown for the search [“artificial intelligence” OR “IA” AND “ethics”] in the area of Engineering,
Figure 1 (b). The increasing trend of the graph in this second search, is much more abrupt and
limited in time. This demonstrates the social need for reflection on the concerns and ethical
aspects associated with the implementation of Al currently. This relates to the third of the
defined objectives and will be discussed in section 5.
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Figure 1 (a): Evolution over time of published documents in Scopus, for “product design”
(years, documents). Figure 1 (b): Evolution over time of published documents in Scopus for
“ethics” (years, documents). Source: Scopus.
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The development of the technologies that support Al nowadays has occurred in a short period
of time and in a diffuse manner among a multitude of specific applications, which justifies the
limited temporal horizon in which the scientific literature of interest is found. Research in
relation to these areas remains subject to a multitude of changes, since advances continue to
be made at the same time. Furthermore, it is confirmed that the implementation of Al from the
perspective of Product Design is a poorly explored area, which is increasingly attracting greater
interest.

The bibliographic review has been carried out using Scopus as a database. In this work,
contributions in the form of scientific articles, conference proceedings, books and book
chapters are considered, in a time horizon limited between 2000 and 2024. The most recent
publications, the most relevant for citations in Scopus and referred to the area of Engineering,
were prioritized.

Regarding the identification of keywords, in the first phase the comparison of terms, synonyms
and acronyms associated with the technologies enabled by Al in the context of 15.0 was
proposed. Identified terms such as cognitive computing, data mining, artificial intelligence (Al),
machine learning, neural networks, deep learning, can sometimes be confusing in the literature
due to their indistinct use.

Search equations were proposed combining the terms “artificial intelligence” or “Al” with the
terms “product design” and “ethics” to alternatively find publications and results that address
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the intersection between both concepts. Table 1 shows the main search equations that were
used, along with the results obtained in the Scopus database. This information contributes to
once again highlighting the need for research into the interaction between these areas.

Table 1: Main searching equations and results obtained in Scopus. Source: own creation.

Result
Searching equations for tittle, abstract, | Results for
keywords tittle
["Al" OR "artificial intelligence" AND “product design”] 1986 29
["Al" OR "artificial intelligence" AND “ethics”] 5976 417
["Al" OR "artificial intelligence" AND “product design” AND 21 1
“ethics”]

Figure 2 shows the phases followed in the methodological review process, finally having a total
of 120 identified publications. From the sample, a set of 60 references was included in the
present study, extracted according to selection criteria related mainly to the suitability of the
topic in relation to product design, and not other areas in the development of the study. In
addition, the main searches were complemented with secondary searches based on the
references present in previous search results.

Figure 2: Literature searching process. Source: own creation.

1. IDENTIFICATION 2. SCREANING 3. SELECTION 4. ANALYSIS
- Scopus - Accesible paper - Specific theme - Contribution to O1
- Keywords - Type of document - Cites in Scopus - Contribution to 02
- Period of time - Subject Area - Applied methods - Contribution to O3
- Language: english - Title - Case studies - Contribution to 04
- Abstract

4. Alin Product Design

The concept of intelligence associated with a machine, what is known today as Al, was
established around 1950, following the impact of the work of Alan Turing, considered one of
the fathers of computer science (L. Wang et al., 2019). Since then, advances in the
development of cognitive computing have given Al a transformative potential nowadays (Rath
et al., 2022). In recent years, the powerful capabilities of enablers such as big data and
intelligent algorithms have driven a new paradigm for product design known as “Al-enabled
Design” (Zuoxu et al., 2022).
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In the field of Product Design, there are application cases with varied uses of Al in the different
phases of the PDDP (Kusiak & Salustri, 2007; Tsang & Lee, 2022; F. Zhang, 2022). Among
others, we can mention the estimation of product costs (Bodendorf & Franke, 2021); the
prediction of industrial parameters based on product design (Khdoudi et al., 2020); the study
of user needs regarding design parameters (Y. Wang et al., 2018); and even the quantification
of the environmental impact according to design decision making, through predictive data
analysis (Wisthoff et al., 2016).

Zuoxu (2022) proposes a cognitive intelligence-enabled product design framework, applicable
to industrial environments. Lo (2021) focuses on digital twin technology for product design and
development, considering the product life cycle, from design, manufacturing, delivery, use and
end of life. Of special interest, as author's contribution, is his comparison between the PDDP
under the traditional approach, versus the process assisted by DT technology. There is also
research work on Al-assisted design in specific sectors or product typologies, as is the case
of Song (2022) for the design of drones. The application of Al also occurs in more creative
fields where Generative Al stands out (Thoring et al., 2023; Zhu, 2023).

In terms of application to specific phases or tasks of the design process, various authors have
investigated the collaboration between people and Al, being the object of study among others:
early ideation and concept evaluation(Camburn et al., 2020), later-stage ideation (Yuan &
Moghaddam, 2020), design team management (Gyory et al., 2022), and helping teams solve
design problems (G. Zhang et al., 2021). Although it must be said that, as Bartlett & Camba
(2024) point out, the application of Al in the design process is not always useful, and it is not
obvious given the complexity of the technology and the concerns from ethical, technical and
legal perspectives. On the other hand, Zhang (2024) applies Al in design by analyzing shape
grammar and simulation based on research data and parameter setting. He claims that Al
makes it easier for designers to integrate their cultural values into product design, and also
improves the efficiency of cultural and creative product design.

There are different authors who mention the concept of “generative design”. Krish (2011)
proposes a generative CAD-based design exploration method for complex multi-criteria design
problems. The method proposes the construction of a design genotype with a parametric CAD
system based on input data, to vary its parameters randomly within predefined limits, obtaining
a set of generated design alternatives. Yoo (2021) researches design engineering that
integrates artificial intelligence (Al) into computer-aided design (CAD) and computer-aided
engineering (CAE). He proposes a CAD/CAE framework based on deep learning and
generative Al in the conceptual design phase. Jang (2021) and Oh et al. (2019) reinforce the
focus on generative designs based on topology optimization.

Singh (2012) discusses cognitive design and generative design systems, analyzing five
different techniques that enable generative design in algorithmic terms. In this sense, there is
literature on the development and application of systems and algorithms in relation to product
design (Berisha & Lobov, 2021), but these focus on specific aspects of the software and not
on the methodological approach for the implementation of Al as a design tool itself.
Furthermore, Singh (2012) highlights the need for an integrated generative design framework
to improve support of design exploration for human designers. Kallioras (2020) mentions the
application of generative design as a designer assistance tool for prototyping in sectors such
as product manufacturing, automotive, and aerospace. He proposes a methodology for
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Generative Design called DzAIN, based on an algorithmic architecture that combines topology
optimization and deep learning methods.

Matejka (2018) presents a suitable example of applying Al as a design tool. The Al-assisted
design of a product, desktop monitor support, is addressed to demonstrate the usability and
usefulness of the Dream Lens system, describing the generation process, as well as the results
obtained, a large set of generatively designed data that is filtered for the final definition of
design alternatives. As a reference to the above, Table 2 presents the most relevant studies
in the analyzed sample, which have successfully applied Al as a design tool, demonstrating
the versatility and transformative opportunities it provides in Product Design. The usefulness
of each study in relation to the objectives of this work is also assessed.

Table 2: Summary of representative Al application cases
as a design tool. Source: own creation

REFERENCE DESCRIPTION 01|02 |03|04

(Yoo et al, | Integrating deep learning into CAD/CAE system: generative | X | X | X

2021) design and evaluation of 3D conceptual wheel

(Matejka et al., | Dream Lens: Exploration and Visualization of Large-Scale | X | X X
2018) Generative Design Datasets

(Krish, 2011) A practical generative design method X | X X
(Ziérza(?)e et al., | Deep Learning for Automated Product Design X | X

(Bartlett & | Generative Artificial Intelligence in Product Design Education: | X | X X X
Camba, 2024) | Navigating Concerns of Originality and Ethics

Once the opportunities that are being explored around Al in Product Design have been
described, as well as notable application cases, in next section the technical, ethical and legal
considerations that currently limit these technologies are analyzed.

5. Challenges and limitations of Al

Diverse authors maintain the transformative potential of Al as an enabler of I5.0 in a multitude
of contexts, as Industrial and Product Design (Yiksel et al., 2023). To successfully guarantee
the inclusion of these new technologies, they must be implemented based on ethical and
regulatory standards. Currently, ethical policies and standards on the use of Al are still under
development, and there is no consensus between different territories, which makes it difficult
to establish a clear and robust legal regulatory framework. This increases the complexity of
use, with the risk of committing privacy and ethics violations that must be resolved (Dhirani et
al., 2023).
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In this sense, the concerns that have been raised about the impact on society of the
proliferation of Al have led to the emergence of a large number of frameworks and policies to
improve and regulate conditions with respect to values such as justice, accountability and
transparency, in particular, of Al-based services and products (Toreini et al., 2020). Different
authors analyze Al frameworks and standards (Fjeld, 2020; Toreini et al., 2020), established
by stakeholders such as technology companies, professionals, standardization, government
agencies, and academic researchers.

Within the field of Product Design, there are already those who are studying the application of
Al as a design tool (Buonamici et al., 2020; Koch, 2017; Verganti et al., 2020). Taking a more
skeptical stance, Seidel (2019), among others, states that the emergence of autonomous
design tools, based in Al, undoubtedly implies that the role of designers is changing.

The potential of Al and the multiple opportunities that arise are undeniable. However, currently
with the development of these technologies in progress, this new field also generates important
concerns and challenges at an ethical and legal level for designers, as occurs in design
assisted by generative Al tools (Bartlett & Camba, 2024) and in creative fields (West &
Burbano, 2020). As a contribution to this work, according to the documentary research carried
out, three specific dimensions are proposed to be considered in the implementation of Al as a
design tool: technical dimension, ethical dimension and legal dimension.

e Technical dimension

The very nature at a technical level of this type of technological enablers implies limitations
regarding the advantages and opportunities that Al can provide. Therefore, it is essential for
those who intend to apply Al-Assisted Design tools to know the internal and computer
functioning of the available resources. Currently, the input data for Al and machine learning
models are decisive in the process of generating results as output data (Rath et al., 2022). It
should be noted that the use of free versions of Al-based programs generally implies that the
results will be public material, so the Al generates images that can be considered explicitly
open source according to its terms of service.

Consequently, users of this type of tools will not be able to generate their own content, as the
results are part of the open-user community. Among the technical considerations, it should be
said that since these are open learning networks with interaction of multiple users, the same
output image could be obtained by more than one user; or the results may be very similar to
existing and protected works and designs, whose images have been included as input data for
the system. In this sense, the Adobe company has proposed an interesting alternative. Its
Firefly Al model is based on training using “Adobe Stock images, openly licensed content, and
public domain content whose copyright has expired” (Adobe, 2024).

This type of approach in the development of Al-based technologies provides Product Design,
as well as other creative fields, with a hopeful vision of the technical improvement of Al as a
design tool, and the solution to various ethical and legal conflicts. It is expected that these
types of lines will continue to be developed by the experts involved, providing new
transformative possibilities for future Al, which also resolves the various ethical concerns
raised (Bartlett & Camba, 2024).

e Ethical dimension

Selecting data for training Al and machine learning models (Kim et al., 2018) may also involve
the use of images without permission or compensation to the authors. The lack of control in
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the development process of these tools, by the software creation companies, implies the lack
of recognition of the authors, designers, artists and even photographers, and can lead to
plagiarism or intellectual property problems if not are implemented correctly in the PDDP.

On the other hand, the graphic results generated with Al can respond to certain biases,
depending on the input data, as occurs in the representation of human beings where the
existence of harmful social biases is already mentioned (Bartlett & Camba, 2024). An example
of this is the case of DALL-E and Stable Diffusion, where a research group discovered that this
type of Al models learn specific gender and skin tone biases from pairs of images and text on
the web (Cho et al., 2024). The DALL-E model overrepresents the gender of people in images
based on masculine or feminine stereotypes. Additionally, the DALL-E 2 team found that, as a
result of the approach initially applied to sexual content control, output images showing women
were reduced, even if they were not related to sexual content (OpenAl, 2024).

Another important aspect is the bias due to westernization of the results generated by Al.
Something that limits creativity and the processes of exploring ideas, since design styles can
differ depending on factors such as culture, territory, etc. Given the direct implications on
product design, it will be crucial to understand cultural variations in design styles, keeping in
mind that if Al models over-represent western styles of products, people, environments, etc.
uncritical use of these tools could further perpetuate a western bias in design (Bartlett &
Camba, 2024). In the case of DALL-E 2, the overrepresentation of “Western concepts”
compared to concepts from around the world was also found (Bartlett & Camba, 2024; OpenAl,
2024).

¢ Legal dimension

There may be legal implications arising from the unconscientious use of Al-based
technologies, as it raises questions regarding the originality of the results. The direct link
between the input data for the development of Al and the results obtained indicates the crucial
importance of the process and the intentionality of the company providing the tool. The results
obtained may be very similar to existing and protected works and designs, whose images have
been included as input data, which could lead to risks of plagiarism. In this sense, the iconic
design of large brands, firms or references can be very present, again limiting originality and
diversity in the exploration of ideas.

Another aspect to highlight is that most Al image generating software imposes on users in their
terms of service the responsibility of guaranteeing that intellectual property violations are not
committed, as is the case of OpenAl and Midjourney (Bartlett & Camba, 2024). So the
responsibility for not respecting existing designs and products falls on the user, even though
Al companies use images that contain intellectual property of other companies for their models.
Therefore, the user will be obliged to confirm whether the generated content is too similar to
the recognized intellectual property, and not make use of this result as their original creation.
This involves an analysis phase that must be incorporated into the design process when
specific Al-based tools are added.

Given the above considerations, the difficult management of rights to results and works
generated by Al is understandable. In this sense, the United States Copyright Office states
that, according to the copyright law in force, images generated by Al cannot receive rights
protection, given the lack of personal creation, as it is considered that “they are not the product
of human authorship.” From a Design point of view, Al-based tools can provide transformative
opportunities, as long as they are used correctly. It would be advisable to use resources that
allow greater control in the process of generating results by Al, so that the input data for
software training is based on images and data of your property. On the other hand, it is
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expected that in the near future Al applications will be developed that improve the conditions
of authorship, as well as the right to authorize the use of images for their works or products.

The professionals who implement Al tools in the process must work with an established policy
that avoids bad practices without discouraging the use of Al as part of the design process. For
all this, the potential of Al as a design tool is reaffirmed, based on the fact that it is a support
technology that expands human capabilities if implemented correctly. However, human
intelligence is essential to guarantee results in line with the requirements of the design brief,
avoiding bad practices and excessive reliance on exclusive Al results without a justified PDDP.

6. Methodological model for the integration of Al in Design

As mentioned in previous sections, the implementation of Al in the design process raises
multiple opportunities. However, it simultaneously implies challenges in its use and current
considerations at a technical, ethical and legal level must be taken into account in the phase
in which these technologies are found. For this reason, a proposal for a methodological model
has been made for future work in this area, given the lack detected in the literature on studies
that address the early stages of the PDDP with the implementation of Al. The model is shown
in Figure 3, and integrates 5 phases from the definition of the design model to the final design
solution. Special attention should be paid to phase 2, the planning phase prior to the application
of Al, for a conscious use of Al tools throughout the process. Every phase in the diagram
contains specific activities in the design process that can be supported by Al tools, as shown
with presented cases in previous sections.

Figure 3: Proposed methodological model for the PDDP with Al. Source: own creation.

1 DESIGN
PROBLEM
2 PLANNING 5 4
S |3 coNcEPTUAL | 4 PRELIMINAR | 5 DETAL
DESIGN PHASE DESIGN PHASE DESIGN PHASE
- Legal Regulatory - User and Needs Study - Evaluation - Selection of materials
Al Framework of Design Parameters
- Market Analysis and - Topology optimization
- Identification of trends - Decision making from
resources, as available Al user perspective - Generative CAD
tools - Design Ideas Exploration
- Assessment of - Industrial development
- Terms of use and rights - Generation alternatives of the solution
conditions of design alternatives

- Final Al tools selection

This model is proposed as a reference for the implementation of Al in the PDDP as a design
tool. The model begins with the definition phase of the identified design problem. The
implementation of Al translates as a previous phase added to the traditional approach, to
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consider key aspects related to the three previously defined dimensions. Among other
considerations, knowledge of the legal regulatory framework around Al, the tools and
resources available, as well as their terms of use and conditions to ensure proper use of them,
stands out. The final tools to be used are also established, as well as the data that will be
necessary to ensure the quality of the results obtained by Al.

The next phase, Conceptual Design, presents various specific activities that can be optimized
by Al, such as the study of needs and users; market and trend analysis; the exploration of
design ideas, and the generation of alternatives. Next, the Preliminary Design phase may
include the evaluation of design parameters; decision-making from the user perspective; and
the evaluation of generated alternatives, among others. Finally, the Detail Design phase is
related to generative design applied to CAD and even CAM to detail product development.
Material selection and topological optimization are phases where Al has a place to improve
process efficiency.

This proposal, from a broad vision, should be adapted based on the formulated design problem
or the specific objectives for the PDDP. It is expected that the model can serve as a reference
for design professionals who intend to implement Al as a tool from a broad and ethical vision.
On the other hand, it will also be useful for references in design education, for whom it enables
a deep reflection on the capabilities of Al, as well as the drawbacks and advantages it presents
today for future generations of professionals in this field, who are in training currently.

7. Conclusions and future lines of research

In the context of 15.0, one of the enablers that has generated the most interest is Artificial
Intelligence. Despite having its beginnings in the 20th century, today this technology is in an
incipient stage of development, offering multiple opportunities in a variety of areas. Concerning
Product Design, competitiveness and high market demands have promoted Al as a powerful
tool for design, allowing to improve workflows, creativity in the inventive process, optimization
of times, and even improve the design process.

However, the implementation of Al in the PDDP is so far removed from conventional design
methods that it should not be applied without prior knowledge of the field, as well as a clear
usage policy. As long as it is used based on certain ethical, technical, and legal considerations,
Al can also improve design creativity and efficiency. Therefore, the purpose of this article is to
clarify key questions about Al as an applied tool, as well as to present a critical approach the
opportunities and limitations it represents from the perspective of Industrial Design
Engineering.

In this sense, design professionals will find in this work useful considerations for the
implementation of Al as a tool from a wide and ethical vision. On the other hand, this article is
also addressed to references in design education, for whom it enables a deep reflection on the
capabilities of Al, as well as the drawbacks and advantages it presents today for future
generations of professionals in design. Future research trends between Al and Industrial
Design are proposed, as future research focused on sustainable design, trust in Al and the
integration of emerging technologies towards next-generation Al concerning Industrial Design.
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