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ABSTRACT

The Product Development Process (PDP) takes place and
depends on a series of integrated steps, incorporating different
technologies and adapting to production standards. In this
sense, the use of Lean tools can help to continuously improve
processes in a systematic way, ensuring that all these
processes really add value to the product. Allied to this, the
implementation of Industry 4.0 technologies can help improve
these production processes, enabling companies to obtain
competitive advantages. Therefore, this research aims to map,
correlate and analyze the existing scientific knowledge on PDP,
Industry 4.0 and Lean Manufacturing. For this, searches will be
carried out to retrieve articles from the Scopus database, and
the data will be processed with the bibliometrix software. The
results obtained show that there is a greater proximity
between PDP and Lean Manufacturing, connected a priori and
with a later connection with Industry 4.0. With this, it is
possible to affirm that researchers and managers have a view
that Lean tools are directly connected to the PDP, continuously
helping for its success, while Industry 4.0 technologies are
usually considered in a second moment regarding the
execution of the PDP.

RESUMO

O Processo de Desenvolvimento de Produtos (PDP) ocorre e
depende de uma série de etapas integradas, incorporando
diversas tecnologias e adequando-se aos padrdes de produgdo.
Nesse sentido, a utilizagdo de ferramentas do Lean pode

auxiliar a melhorar continuamente os processos de forma
sistemdtica, garantindo que todos esses processos realmente
agreguem valor ao produto. Aliado a isso, a implementagdo de
tecnologias da Industria 4.0 pode auxiliar no aperfeicoamento
desses processos produtivos, possibilitando a obtengdo de
vantagens competitivas as empresas. Diante disso, esta
pesquisa tem por objetivo mapear, correlacionar e analisar o
conhecimento cientifico existente sobre os temas PDP,
Industria 4.0 e Lean Manufacturing. Para isso, serdo realizadas
buscas para recuperagdo de artigos da base de dados Scopus,
e os dados serdo processados com o software bibliometrix. Os
resultados obtidos mostram que existe uma maior proximidade
entre o PDP e o Lean Manufacturing, conectados a priori e com
uma conexdo posterior com a Industria 4.0. Com isso é possivel
afirmar que os pesquisadores e gestores tem uma visdo que as
ferramentas do Lean estdo diretamente conectadas ao PDP,
auxiliando continuamente para o seu sucesso, enquanto que as
tecnologias da Industria 4.0 costumam ser consideradas em um
segundo momento quanto da execugdo do PDP.

RESUMEN

El Proceso de Desarrollo de Producto (PDP) ocurre y depende de
una serie de pasos integrados, incorporando diferentes
tecnologias y adaptdndose a los estdndares de produccion. En
este sentido, el uso de herramientas Lean puede ayudar a
mejorar continuamente los procesos de forma sistemdtica,
asegurando que todos estos procesos realmente agreguen
valor al producto. Unido a esto, la implementacion de
tecnologias de Industria 4.0 puede ayudar a mejorar estos
procesos productivos, permitiendo a las empresas obtener
ventajas competitivas. Por tanto, esta investigacion pretende
mapear, correlacionar y analizar el conocimiento cientifico
existente sobre PDP, Industria 4.0 y Lean Manufacturing. Para
ello, se realizardn busquedas para recuperar articulos de la
base de datos Scopus, y los datos serdn procesados con el
software bibliometrix. Los resultados obtenidos muestran que
existe una mayor proximidad entre PDP y Lean Manufacturing,
conectado a prioriy con una conexion posterior con la Industria
4.0. Con esto, es posible afirmar que investigadores y gestores
tienen la vision de que las herramientas Lean estdn
directamente conectadas al PDP, ayudando continuamente
para su éxito, mientras que las tecnologias de la Industria 4.0
suelen ser consideradas en un seqgundo momento respecto a la
ejecucion del PDP.
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INTRODUCTION
The development of advanced electronic, information and manufacturing technologies is

changing the productive processes of companies (Santos et al., 2020), transforming traditional
manufacturing into intelligent manufacturing, increasing the competitiveness and flexibility of
organizations (Hughes et al., 2020; Maddikunta et al., 2022). In this sense, Industry 4.0 is a
way for companies to promote competitive advantages through the application and
integration of new technologies, such as the Internet of Things (loT), Big Data Analytics,
Artificial Intelligence, Deep Learning and others (Contreras et al., 2017). The implementation
of these technologies aims to improve industrial performance to achieve productivity,
flexibility, competitiveness, sustainability and customization in manufacturing (Dalenogare et
al., 2018).

This quest to increase business competitiveness also leads to a greater focus on the role of
organizational efficiency in business performance. This has contributed to the popularity of
different management theories in the industrial field, including Lean Manufacturing, which is
a systematic approach to eliminate processes without added value based on continuous
improvement (Womack & Jones, 2003). Lean is a continuous process of pursuit of perfection
that involves everyone in the organization, including the owners, with the vision of improving
competitiveness (Achanga et al., 2006). Also, modifying production processes seeking
continuous improvement through the elimination of activities that do not add value to the
product (Venugopal & Saleeshya, 2019), which are the first seven Lean wastes identified in
the literature are: defects, overproduction, waiting time, transport, inventory, movement of
people or materials and extra processing.

In this sense, new products are demanded and developed to meet specific market segments,
incorporate different technologies and integrate with other products and uses, in addition to
adapting to new standards and legal restrictions (Rosenfeld et al., 2010). Really understanding
what drives a customer to purchase a product should be the main concern during the Product
Development Process (PDP) (Fuchs & Gutmann, 2022). Additionally, digitalized product
development processes allow us to face four major challenges: the need for multi-objective
optimization, the need to allow multi-domain simulation, the need to explore different
families of topological products and the need to deal with constantly changing environments
(Glonkler et al., 2022). Product development involves monitoring the product after launch, in
order to make the necessary changes in specifications, plan the product's discontinuation in
the market and incorporate the lessons learned throughout the product's life cycle (Amaral et
al., 2006).

The use of hybrid approaches to improve production processes has shown good results in
manufacturing environments (Tripathi et al., 2022). In view of this, this research seeks to
concatenate the concepts of PDP, Industry 4.0 and Lean Manufacturing, bringing managerial
insights on the joint use of these concepts in industrial processes. Thus, the objective of this
article is to map, correlate and analyze the existing scientific knowledge on PDP, Industry 4.0
and Lean Manufacturing.
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The remainder of the article is organized as follows: Section 2 details the methodological
procedures, Section 3 presents the results, Section 4 presents the discussions and academic
and practical implications, and Section 5 brings the article's conclusions.

METHODOLOGICAL PROCEDURES

Mapping publications, authors and literature growth patterns is an important step in the
discussion and construction of knowledge on a topic (Olczyk, 2016). This mapping can be
performed with the aid of bibliometrics (Martinez et al., 2015), which uses analytical tools to
evaluate authors and subject in a clear and objective way (Abramo et al., 2014). Thus,
considering the objective of this research focused on the analysis of the literature on topics
such as Industry 4.0, Lean and the Product Development Process, a previous search was
carried out in the Scopus database, seeking articles that addressed the three themes
concomitantly, but only 4 articles were found. In this way, it was defined that, in order to
enable a mapping of the literature addressing the three themes, the searches were carried
out in pairs, searching by Industry 4.0 and Lean, then by Industry 4.0 and PDP and by Lean and
PDP, enabling the realization of bibliometric connections about the topics in question.
Regarding time, it was surveyed every year, as there is a large time lapse between the
emergence of the concept of Lean Manufacturing and Industry 4.0, which led to a need to
understand the origins of these concepts and how they are related in the present. Thus, Table
1 presents the search terms and filters to be used to perform the retrieval of articles in this
research.

Table 1. Search filters.

Document Type

Articles
Search in Title, abstract or keywords
Search Area All
Years

All years

“Industry 4.0” OR “smart manufacturing*” AND “lean”;

Search Terms “Industry 4.0” OR “smart manufacturing*” AND “product development process*”
“lean” AND “product development process*”

Source: Authors (2022).

Searches were performed in November 2022 and, initially, the amounts of articles retrieved
for each combination of search terms were as follows:

e “industry 4.0” OR “smart manufacturing*” AND “lean”: 741 articles.

e “industry 4.0” OR “smart manufacturing*AND “product development process*”: 70
articles.

e “lean” AND “product development process*”: 233 articles.

Articles were merged to exclude duplicates, resulting in a total of 1029 articles. The metadata
of these articles was downloaded in *. bib so that they could be processed with the
bibliometrix software, which enables bibliographic analyses, co-citations, collaboration
networks, word co-occurrences and author networks (Aria & Cuccurullo, 2017).
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In bibliometrix software, the following analyzes were performed:

e Terms with the highest number of occurrences in retrieved articles;
® Grouping of the most frequent terms in a cloud of words;

* Network of co-occurrence of terms showing the links between them;
e Dendogram to demonstrate the level of proximities between terms;
e Concept map from a multivariate analysis.

With these analyses, it was possible to obtain relevant insights into the existing relationships
between the use of Lean Tools and Industry 4.0 technologies, and how this has impacted the
Product Development Process in manufacturing companies.

RESULTS

In this section, the results of the analyzes obtained through the bibliometrix will be presented.
The first analysis, presented in Figure 1, is that of the most frequent terms in the 1029
retrieved articles, where it can be seen that the main themes of this article are also the most
frequent: industry 4.0, lean production, product development and product development
process. In the sequence, it is possible to verify the existence of terms that suggest the

connection of these main themes, such as “lean product development”, “agile manufacturing
systems” and “product design”.

Figure 1. Most frequent terms.

lean production
product development @

product development process @
agile manufacturing systems @

product design @
manufacture 9
lean product development 4@
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industrial research —-@
sustainable development _@
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Keywords Plus

Source: Authors (2022), through bibliometrix software.
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Figure 2 brings a cloud of words, presenting in a larger format and with more density those
with greater relevance in the retrieved articles.

Figure 2. Word cloud.
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Figure 3 presents a view of the co-occurrence of words in retrieved articles. In this figure it is
possible to see the formation of two larger groups (in red and blue) and a smaller group (in
green). In the group in red, terms related to Industry 4.0 and Lean Manufacturing
predominate, such as “industry 4.0”, “lean production” and “agile manufacturing systems”,
while in the blue group PDP-related terms predominate, such as “product development
process”, “product development” and “product design”. The figure shows that there is a
connection between the red group and the blue group, with the main point of connection
between the groups going through the term lean production, showing that there is a greater
proximity between the use of Lean tools and the PDP. However, there is a strong connection
between Industry 4.0 and Lean, showing that there is consistent research on the use of the
two concepts together, which can be a way for companies to succeed when implementing the
PDP.
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Figure 3. Word co-occurrence analysis.
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Figure 4 presents a dendogram with the level of proximity and similarity between the terms.
In this figure it is evident the formation of two groups, with a separation between the PDP
before the lean production and Industry 4.0, and a closer connection between PDP and lean
can be seen in production, with a later connection to the term “industry 4.0”.

Figure 4. Proximity dendrogram of terms.
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Figure 5 brings a PCA analysis, where the first two dimensions are presented, explaining
31.67% of the relationships between terms found in the articles. In this figure, two clusters
appear again, however, in this construction the terms related to the PDP appear positioned
more closely to the Lean terms.

Figure 5. Conceptual map of terms.
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DISCUSSION OF THE RESULTS
As industry 4.0 brings with it many new technologies and when these begin to be used more

effectively, there is also a development of lean manufacturing that makes companies start to
carry out their activities in a much more agile and precise way. As the current market is
increasingly competitive, companies must always try to offer the best product at the lowest
possible price.

Lean Manufacturing is one of the most popular management philosophies aimed at reducing
costs and increasing efficiency. The introduction of Industry 4.0 and its integration with Lean
introduced the hybrid term “Lean 4.0” (Mayr et al., 2018).

Combining Industry 4.0 practices with Lean concepts, it can be said that there is an increasingly
effective search for improvement. As Lean is about doing more with less, the automation and
integration of technological processes that are increasingly contributing to this purpose.

One of the examples that we can cite between Industry 4.0 and Lean is automation with
robotics that have traditionally been used on the factory floor, but in recent years, new and
more advanced solutions have been introduced to replace human work or cooperate with
human employees to improve productivity and reduce errors (Bahrin et al., 2016).
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In turn, Sanders et al. (2017) conclude that to facilitate the integration of Lean and Industry
4.0 technologies in the smart factories of the future, it will be necessary to rethink, for
example, such important concepts of lean manufacturing as “takt time”, among other issues.

As far as lean practices are concerned, although their effect has not been what we had hoped,
managers should not forget Bill Gates' comment that if automation is applied to an efficient
operation, it will increase efficiency. However, if it is applied to an inefficient operation, it will
increase inefficiency (Krishnan, 2013). This concept emphasizes the unavoidable fact that an
inefficient process, even when automatic, is still inefficient and is essentially automation
becomes a kind of waste (Nicoletti, 2013).

Having companies on the path of industry 4.0 and with Lean Manufacturing already ingrained,
can help improve their product development to achieve, often, a certain efficiency in market
performance with speed and agility.

Lean is often associated with the production of physical products, where the goal is repetitive
operations that achieve high-quality results with minimal cost and time, i.e., maximizing
customer value while minimizing waste (JP Womack et al., 2007). Lean product development
is a philosophy fully suited to improving efficiency in product development based on customer
value (Synnes & Welo, 2016).

Design is often constrained by the manufacturing method, so a new manufacturing technology
will create a technological boost in design. One example is 3D printed parts, which can allow
lighter parts and better material utilization if the design fully utilizes the processing process
opportunities (Synnes & Welo, 2016).

For a company to convert its technology and ideas into new products that meet customer
requirements and the company's strategic objectives, it needs a product development system
that effectively integrates people, processes and technology (Gagné, 2018; Kennedy, 2004).
Methods that lead to shorter development time, faster product realization, reduced product
development cost, and improved quality should be taken advantage of.

One of the technologies of Industry 4.0 is loT that can help in the development process, based
on Lean concepts, through the collection of product usage data. This allows the development
team to gain valuable insights into how the product is used by the customer and which
features are most valued. This information can be used to optimize the product design and
improve its usability (Santos et al., 2020). It also allows the development team to monitor
processes and equipment in real time, improving production efficiency and gaining valuable
insight into customer product improvement.

Automation is also one of the Industry 4.0 technologies, in which one of its main contributions
to the product development process, based on Lean concepts, is the reduction of wasted time
and resources (Dalenogare et al., 2018). With automation, many manual tasks can be
automated, reducing the need for human intervention. This allows the development team to
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focus on more strategic tasks with greater added value, such as identifying opportunities for
process improvement.

Artificial Intelligence, which is also one of the Industry 4.0 technologies, can be used to
improve product quality, based on Lean concepts. For example, machine learning algorithms
can be used to analyze production data and detect product defects in real time (Sartal et al.,
2022). This allows the production team to quickly identify and correct any issues that may
arise, preventing defective products from being delivered to customers. Artificial Intelligence
can also be used to customize the product based on customer preferences. For example,
Artificial Intelligence can analyze data from customer purchase history and preferences to
suggest products that meet their specific needs.

As another Industry 4.0 technology, Big Data can be used to forecast market demand and
adjust production accordingly. This can help the product development team to better plan
production and avoid over-producing unsold products along with Lean concepts (Yin et al.,
2017). This technology can also be used to analyze product performance data and identify
opportunities for improvement. For example, the product development team can analyze
product usage data and customer feedback to identify common issues and areas for
improvement.

Therefore, from a business point of view, companies face many difficulties when developing
new products, mainly with project quality problems, long lead times and very high
development costs. And it is in this scenario that a more efficient product development system
with less waste becomes quite strategic.

And also, from the practical point of view, industry 4.0 and Lean Manufacturing can lead
companies to accelerated advances in the design of new products, as well as significant
reductions in time and expenses associated with activities such as maintenance, product
recall, compliance regulatory requirements and the reformulation of manufacturing
processes.

CONCLUSION
The objective of this article was to map, correlate and analyze the existing scientific knowledge

on PDP, Industry 4.0 and Lean Manufacturing. Bibliometric analyzes were performed using
bibliometrix software with the metadata of articles retrieved from the Scopus database. These
analyzes provided relevant information on which terms are most used in research and which
terms have the greatest relationship and similarity in research on Lean Manufacturing,
Industry 4.0 and PDP. From this, it became evident that there is a greater proximity between
the use of Lean tools and the PDP, with Industry 4.0 technologies exerting a second influence
on the PDP.

From a practical point of view, considering the systemic approach, this research brought new
contributions by presenting new insights for companies regarding the PDP, showing the
importance of using Lean Manufacturing methodologies and Industry 4.0 technologies to
obtain improvements in the PDP and in market performance. It can be seen that in the results
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of this research there is a distance between Industry 4.0, Lean Manufacturing and PDP, and

that the article sought to fill this gap, promoting the idea of practical relevance, informing that

it is necessary to discuss more about the impact of the adoption of methodologies of Lean

Manufacturing and also of Industry 4.0 technologies on the PDP.

This research was limited to analyzing the articles retrieved from the Scopus database using

the terms in pairs, which made it necessary to merge them into a single list to enable a broader

view of the use of these concepts in scientific research. As future research, it is intended to

study the effects and influences of using Lean tools and Industry 4.0 technologies on the PDP.
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