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Abstract: The digital transformation of 
production systems, framed within the 
Industry 4.0 paradigm, has redefined pro-
duction management, the value chain, 
and decision-making processes in organi-
zations. This article analyzes the evolution 
of the role of the human factor throughout 
four historical stages of production mana-
gement—from artisanal manufacturing to 
Industry 4.0—highlighting how technolo-
gy, far from replacing people, has reconfi-
gured their functions toward roles of greater 
cognitive and strategic complexity. Using a 
socio-technical approach, human-techno-
logical interaction is examined through an 
applied case study of additive manufactu-
ring (3D printing), showing that the gene-
ration of productive value depends on the 
effective integration of human capabilities, 
digital tools, and management models. Li-
kewise, a comprehensive learning path is 
proposed for the successful incorporation 
of people into intelligent production sys-
tems, structured around theoretical, heuris-
tic, and axiological learning. The results of 
the analysis allow us to conclude that orga-
nizational competitiveness and sustainabili-
ty in Industry 4.0 are conditioned not only 
by the level of technological adoption

Keywords: Manufacturing, technology, 
value chain, technology management, pro-
duction, human approach.

INTRODUCTION

Manufacturing, like other areas of or-
ganizational activity, has undergone rapid 
transformation in recent decades, driven 
by the incorporation of digital technologies 
into production systems. This process, fra-
med under the term Industry 4.0, not only 
represents technological evolution in ope-

rational functions, but also transforms the 
value chain, the way production is mana-
ged, and even how decisions are made wi-
thin organizations (Esparza-González et al., 
2017) . In this new context, concepts such 
as interoperability, virtualization, decentra-
lization, and real-time operation become 
relevant as they expand the technical ca-
pabilities of production systems. However, 
their true potential is only realized when 
they are articulated by the human dimen-
sion, which is responsible for interpreting 
information, guiding management, and 
converting data into strategic decisions that 
generate value (Solleiro & Castañón, 2004) 
.

Based on the above, the productive 
function ceases to be a “set of technical 
operations” and evolves into a socio-techni-
cal system, in which technology acts as an 
indispensable tool for achieving operational 
excellence, while people constitute the in-
tegrating axis between processes, informa-
tion, and organizational strategy, as they 
are responsible for transforming data into 
useful knowledge for decision-making and 
organizational innovation ( .

In this scenario of digital modernity, 
value creation is conceived as a fundamental 
priority of the productive function, based 
on the fact that technology facilitates auto-
mation, real-time monitoring, and process 
optimization. However, it is the human ca-
pacity to manage knowledge, exercise lea-
dership, and make informed decisions that 
allows these tools to translate into sustaina-
ble competitive advantages. In this way, the 
value chain is redefined not only in terms 
of technological efficiency, but also in ter-
ms of the dynamic interaction between pe-
ople, processes, and systems, oriented at all 
times toward continuous improvement and 
organizational competitiveness. (Rodríguez 
Calero et al., 2017) .
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OBJECTIVE AND 
RESEARCH QUESTIONS 

The objective of this article is to analy-
ze the evolution of the role of human beings 
in production management from a histo-
rical and socio-technical perspective, with 
an emphasis on Industry 4.0, identifying 
how human-technological interaction af-
fects value creation, decision-making, and 
organizational competitiveness, in order to 
propose a comprehensive learning path that 
facilitates the effective incorporation of peo-
ple into digitized production systems, consi-
dering theoretical, heuristic, and axiological 
dimensions.

Based on this general objective, the 
study is guided by the following research 
questions:

1.	 How has the role of the human 
factor in production management 
evolved throughout the different 
stages of industrial development?

2.	 How does Industry 4.0 redefine 
the relationship between techno-
logy, productive function, and hu-
man decision-making?

3.	 What skills, values, and learning 
models are critical for effective hu-
man integration into intelligent 
production systems?

These questions allow us to structu-
re the analysis and delimit the theoretical 
contribution of the work within the field 
of production management and industrial 
engineering.

METHODOLOGY 

This study adopts a qualitative the-
oretical-analytical approach, based on a 

critical review of specialized literature and 
the development of a conceptual case stu-
dy applied to an additive manufacturing 
workshop using 3D printing. This approach 
is relevant for exploring complex phenome-
na where technical, human, and organiza-
tional dimensions converge, and where the 
main interest is focused on a deep unders-
tanding of interactions rather than statistical 
generalization.

The literature review was conducted 
using indexed academic sources, institu-
tional reports, and specialized literature on 
production management, Industry 4.0, the 
human factor, and organizational learning, 
prioritizing works published in recent ye-
ars. The case of the 3D printing workshop 
is used as an analytical resource to illustrate 
human-technological integration in a con-
temporary production context, allowing 
theoretical frameworks to be linked to a re-
presentative practical application.

The scope of the study is exploratory 
and explanatory, and its results are aimed at 
generating conceptual reflection and propo-
sals for improvement in talent management 
and the productive function. Among its 
main limitations is the absence of primary 
empirical data, which opens up the possi-
bility of future research with quantitative or 
mixed approaches that validate and expand 
on the approaches presented here.

VALUE CHAIN AND 
MANAGEMENT IN 
TRADITIONAL COMPANIES.

In a major Mexican city, a group of en-
gineers and designers founded a workshop 
specializing in transforming ideas into phy-
sical products using 3D printing, an addi-
tive manufacturing technology that allows 
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three-dimensional objects to be manufac-
tured by accumulating successive layers of 
material (which can vary between plastic, 
resin, or metal) following a digital model. 
The economic purpose is to offer on-de-
mand production, rapid prototyping, and 
customized parts, manufactured without 
the need for traditional tools.

Since the beginning of operations, this 
organization has stood out for serving niche 
markets that demand customized products, 
from functional parts for industrial proto-
types to specific accessories for various sec-
tors, including education and advertising. 
Unlike traditional production lines, 3D 
printing opens up a range of possibilities, 
allowing each order to be unique and tailo-
red to specific requirements, which requires 
diverse and precise human decisions at each 
stage of the process.

The workflow begins with a customer 
order (from an automotive design company, 
for example), which requires a certain pro-
totype of an interchangeable part for perfor-
mance testing. 

At this stage, the human element—
with the necessary digital skills, of course—
translates the customer’s requirements into 
a digital model using appropriate software. 
This stage is essential because, although the 
3D printer physically “executes” the part, 
decisions about form, function, tolerances, 
and materials depend on the expert judg-
ment of individuals.

After the model has been generated, 
preparing the print requires defining techni-
cal parameters such as object orientation, fill 
density, extrusion speed, and temperature—
variables that very few automated systems 
can determine without human assistance 
(Longo et al., 2017) . During printing, ope-

rators monitor the processes, adjust varia-
bles in real time (in case of any deviation), 
and evaluate the quality of the first layers, 
a process that requires attention, interpre-
tation of material behavior, and practical 
experience.

Additionally, the workshop has im-
plemented human-machine interaction 
mechanisms that enrich the production ex-
perience, such as advanced interfaces and in-
telligent platforms that combine augmented 
reality to monitor multiple printers simulta-
neously, reducing errors and improving de-
cision-making (Nguyen Ngoc et al., 2022)
but it also affects the entire value chain. In 
this sense, human-centred factors play a core 
role in transitioning to sustainable manu-
facturing processes and consumption. The 
awareness of human roles in Industry 4.0 
is increasing, as evidenced by active work 
in developing methods, exploring influen-
cing factors, and proving the effectiveness 
of design oriented to humans. However, 
numerous studies have been brought into 
existence but then disconnected from other 
studies. As a consequence, these studies in 
industry and research alike are not regularly 
adopted, and the network of studies is see-
mingly broad and expands without forming 
a coherent structure. This study is a unique 
attempt to bridge the gap through the lite-
rature characteristics and lessons learnt deri-
ved from a collection of case studies regar-
ding human-centred design (HCD .

Throughout the entire process, there 
is human interaction, advising customers, 
translating needs into productive solutions, 
and adjusting them to requirements. In this 
way, technology becomes an indispensa-
ble tool for bringing ideas to life, but the 
distinctive value of this business remains 
the human ability to interpret, decide, 
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and solve complex problems, which allows 
this workshop to differentiate itself in the 
market.

This human-technological approa-
ch (where technology enables, but people 
decide, adjust, and manage) has amplified 
human capabilities and created productive 
value that sets an organization apart from its 
competition.

Evolution of production 
management and the role of the 
human factor 

Stage 1. Artisanal production and tra-
ditional manufacturing: humans as expert 
executors.

In traditional production systems, 
prior to industrialization, production was 
based mainly on manual skills, tactical 
knowledge, and accumulated experience. 
Workers played simultaneous roles as de-
signers, executors, and evaluators of the 
product, placing the human factor at the 
absolute center of the production function. 
Value creation depended directly on indivi-
dual skill and empirical learning, with little 
technological support and minimal standar-
dization (Bellgran & Säfsten, 2010) .

The operational tools used were rudi-
mentary, while management was based on 
direct observation and visual control. The 
system was highly flexible, but scalability 
and efficiency were limited, which drove 
the transition to more structured industrial 
models.

Stage 2. Industrialization and mass pro-
duction: humans as specialized operators.

With industrialization and the conso-
lidation of mass production, the productive 

function was restructured under the prin-
ciples of specialization, standardization, 
and division of labor. Methodologies such 
as scientific management and, later, Taylo-
rist and Fordist systems of “ “ redefined the 
human role, focusing it on the execution 
of specific and repetitive tasks (Womack, 
2007) .

At this stage, decision-making gradu-
ally shifted to administrative levels, separa-
ting operations from strategic management. 
Work lost decision-making autonomy, whi-
le tools such as assembly lines, time and 
motion studies, and basic statistical control 
began to dominate production manage-
ment. Although these approaches increased 
efficiency and reduced costs, they also led to 
operational rigidity and a disconnect betwe-
en process knowledge and decision-making.

Stage 3. Lean production and conti-
nuous improvement: humans as agents of 
improvement.

From the second half of the 20th cen-
tury onwards, mass production migrated to 
more flexible models, including lean ma-
nufacturing. In this approach, the human 
role regained relevance as an identifier (and 
classifier) of waste, a problem solver, and a 
promoter of continuous improvement (Li-
ker, 2013a) .

Similarly, methodologies such as Kai-
zen, Just in Time, Kanban, 5S, and work 
standardization place people at the center 
of the production system, recognizing that 
operational excellence depends not only on 
technology but also on the active involve-
ment of staff. The human factor acts as a 
bridge between processes and strategic ob-
jectives, although technological support re-
mains limited and analog.
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Stage 4. Industry 4.0: humans as cogni-
tive integrators and strategic decision-makers.

With the advent of Industry 4.0, the 
productive function was transformed with 
the incorporation of sensors, cyber-physical 
systems, the Internet of Things (IoT), big 
data analysis, and advanced automation. 
These elements allow real-time visibility of 
production processes, as well as the conti-
nuous optimization of operational parame-
ters (Kagermann et al., 2013) .

Under this premise, the human role 
shifts away from physical execution as such, 
focusing instead on interpretation, supervi-
sion, decision-making, and knowledge ma-
nagement functions. Figures such as the 4.0 
operator emerge, whose expertise is oriented 
towards the use of digital tools, intelligent 
interfaces, decision support systems, and 
data analytics, which amplify their cognitive 
abilities without replacing their professional 
judgment (Romero et al., 2016) .

With the support of operational me-
thodologies and the use of digital tools, hu-
man-technological integration is reinforced, 
in which value is generated from informed 
and timely human decisions.

The role of humans in Industry 
4.0: technical, technological, and 
human-collaborative integration

Industry 4.0 represents not only a 
technological evolution of production sys-
tems, but also a structural transformation 
in the way organizations conceive of work, 
decision-making, value creation, and their 
behavior in the market. In this fourth sta-
ge of productive evolution, humans do not 
disappear or are replaced by automation; on 
the contrary, their role is redefined and be-
comes more complex, as they become the 

link between technology, information, and 
organizational strategy.

Technical dimension: from operational 
executor to production system manager

From a technical perspective, the role 
of humans is shifting from the direct execu-
tion of physical tasks to functions of super-
vision, analysis, and process optimization. 
Advanced automation, collaborative robots, 
and cyber-physical systems take on repetiti-
ve and high-precision tasks; however, they 
require operators capable of understanding 
the overall functioning of the system, inter-
preting deviations, and making timely cor-
rective decisions (Romero et al., 2016) .

In this context, workers become 4.0 
operators, whose technical contribution lies 
not in their labor, but in their cognitive abi-
lities, professional judgment, and contextu-
al experience to ensure the stability, quality, 
and efficiency of the production process.

Technological dimension: humans as 
data interpreters and strategic decision-makers

The technological dimension of Indus-
try 4.0 is characterized by the massive gene-
ration of data from interconnected sensors, 
IoT platforms, MES, and ERP systems. Al-
though these technologies allow for unpre-
cedented visibility of operations, data alone 
does not generate value; it is humans who 
interpret, contextualize, and transform it 
into useful knowledge for strategic decision-
-making (Kagermann et al., 2013) .

Thus, the human role shifts toward in-
formation management, analytics, and the 
use of decision support systems, where skills 
such as critical thinking, digital literacy, and 
systemic understanding of the process are 
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indispensable. Technology amplifies human 
capabilities, but it does not replace the ju-
dgment, ethics, or responsibility associated 
with productive management.

Human-collaborative dimension: the 
central axis of Industry 4.0

The human-collaborative dimension 
is at the core of Industry 4.0, recognizing 
that the sustainability and competitiveness 
of production systems depend on people 
who are able to learn, adapt, and collaborate 
with technology and with each other. This 
dimension has both individual and collecti-
ve implications that redefine talent manage-
ment and organizational culture. It should 
be noted that this dimension will be consi-
dered from two aspects: the individual and 
the collective, both of which are necessary in 
organizations:

Individual implications

At the individual level, human beings 
in Industry 4.0 face the need to develop new 
skills and attitudes:

•	 Distributed leadership, geared 
toward decentralized decision-
-making and working in highly 
dynamic environments.

•	 Technical and digital skills, com-
bined with soft skills such as 
communication, problem solving, 
and systemic thinking.

•	 Resilience and adaptability in the 
face of constant technological evo-
lution and the redefinition of job 
roles.

•	 Knowledge management, unders-
tood as the ability to transform 

experience and information into 
continuous learning and perfor-
mance improvement (Nonaka & 
Takeuchi, 1995) .

These capabilities allow individuals to 
be more than mere users of technology, but 
active agents of innovation and continuous 
improvement within the productive system 
(Sony & Naik, 2019) .

Collective implications

From a collective perspective, Industry 
4.0 requires profound transformations in 
organizations:

•	 An organizational culture orien-
ted toward learning, where error 
is conceived as a source of impro-
vement and innovation as a conti-
nuous process.

•	 Organizational learning, based on 
interdisciplinary collaboration, 
knowledge sharing, and the strate-
gic use of digital platforms.

•	 Job retraining, through training 
and retraining programs that ena-
ble the transition from traditional 
roles to higher value-added func-
tions, reducing the risk of job ex-
clusion (European Commission. 
Directorate General for Research 
and Innovation., 2021) .

In this sense, the organization acts as a 
living system, in which technology enables 
new ways of working, but it is the collective 
action of human capital that defines the real 
impact of digital transformation.
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Learning path for human 
incorporation into Industry 4.0 
production systems

The successful incorporation of peo-
ple into Industry 4.0 production systems 
requires a comprehensive learning path that 
transcends traditional technical training. 
This path should be conceived as a progres-
sive and continuous process, aimed not only 
at the acquisition of formal knowledge, but 
also at the development of practical skills 
and the formation of values that enable 
conscious, responsible, and sustainable inte-
raction with technology. In this sense, lear-
ning in Industry 4.0 is structured in three 
interdependent dimensions: theoretical, 
heuristic, and axiological learning, which 
articulate knowledge, know-how, and in-
terpersonal skills within contemporary pro-
duction systems (Romero et al., 2016) .

Theoretical learning: systemic understan-
ding and digital literacy

The first stage of the learning path fo-
cuses on theoretical learning, whose main 
objective is to provide people with a syste-
mic understanding of Industry 4.0 and the 
fundamentals that underpin its operation. 
This includes knowledge of key concepts 
such as cyber-physical systems, the Internet 
of Things, data analytics, advanced auto-
mation, vertical and horizontal integration, 
and production management models ba-
sed on real-time information. This learning 
allows individuals to understand not only 
how technologies operate, but also why they 
are implemented and how they impact the 
value chain (Kagermann et al., 2013) .

Likewise, digital and analytical literacy 
becomes an indispensable requirement, sin-
ce decision-making in highly digitized en-

vironments requires the ability to interpret 
data, understand performance indicators, 
and recognize the limitations of automated 
systems. From this perspective, theoretical 
learning lays the cognitive foundations for 
informed and critical human participation 
in intelligent production systems (Sony & 
Naik, 2019).

Heuristic learning: experience, problem 
solving, and continuous improvement

The second stage corresponds to heu-
ristic learning, understood as learning that 
is built on experience, reflective practice, 
and real-world problem solving. In Industry 
4.0, learning does not only take place in for-
mal training spaces, but constantly in daily 
interaction with automated systems, digi-
tal interfaces, and multidisciplinary teams. 
Here, humans develop the ability to learn 
by doing, adjusting parameters, interpreting 
system behaviors, and making decisions in 
uncertain contexts (Liker, 2013) . This type 
of learning is supported by methodologies 
such as continuous improvement, problem-
-based learning, digital simulation, the use 
of digital twins, and controlled experimen-
tation environments. Through these tools, 
people strengthen their critical thinking, 
adaptability, and professional judgment, 
which are essential elements for performing 
as operators, analysts, or managers in intelli-
gent production systems. At this level, mis-
takes are no longer penalized and become a 
valuable source of organizational knowledge 
(Longo et al., 2017) .

Axiological learning: values, ethics, and 
socio-technical responsibility

The third stage of the learning path, 
which is often underestimated, corresponds 
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to axiological learning, which guides human 
action from an ethical, social, and organi-
zational perspective. In Industry 4.0, where 
decisions can be mediated by algorithms and 
automated systems, it is essential that people 
develop values associated with responsibili-
ty, professional ethics, collaboration, and 
commitment to collective well-being.

This learning involves strengthening 
attitudes such as openness to change, re-
silience in the face of job retraining, and a 
willingness to engage in lifelong learning. It 
also promotes a critical view of the use of 
technology, recognizing its benefits but also 
its risks in terms of job exclusion, misuse of 
information, or dehumanization of work. 
From an organizational perspective, axiolo-
gical learning contributes to the construc-
tion of cultures oriented towards learning, 
responsible innovation, and sustainability, 
where technology is conceived as a means 
and not as an end in itself (European Com-
mission. Directorate General for Research 
and Innovation., 2021) .

Integration of the learning path

Taken together, this learning path 
allows people to transition from being pas-
sive users of technology to active agents of 
value creation, capable of understanding, 
operating, and guiding complex produc-
tion systems. The articulation of theoretical, 
heuristic, and axiological learning ensures a 
balanced integration of human beings into 
Industry 4.0, reinforcing their role as the 
axis between the productive function and 
technology, and ensuring that digital trans-
formation translates into competitiveness, 
sustainability, and human development.

DISCUSSION

The results of the analysis reveal a 
significant convergence with contempo-
rary literature that raises the need to move 
towards human-centered production mo-
dels, in which technology acts as an enabler 
rather than a substitute for human labor. In 
agreement with authors such as Romero et 
al. (2016) and Longo et al. (2017), it is con-
firmed that Industry 4.0 redefines the role 
of the worker towards functions with gre-
ater cognitive, strategic, and collaborative 
content.

However, the study also highlights 
persistent tensions between technological 
efficiency and human development. Whi-
le automation and data analysis promise 
substantial improvements in productivity 
and process control, their implementation 
without a clear human capital development 
strategy can lead to resistance to change, loss 
of tacit knowledge, and risks of labor exclu-
sion. In this sense, an exclusively techno-
cratic approach is insufficient to guarantee 
sustainable competitive advantages.

The discussion suggests that the true 
potential of Industry 4.0 is achieved when 
organizations coherently integrate techno-
logy, people, and values, moving toward 
models closer to the approaches of Industry 
5.0, where sustainability, resilience, and hu-
man well-being take on a central role. The 
proposed learning path is thus positioned as 
a coordinating mechanism that allows this 
transition to be managed in a structured 
and conscious manner.

PROPOSAL 

The main contribution of this article 
lies in the conceptual integration of the hu-
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man factor as the articulating axis between 
the productive function and technology in 
the context of Industry 4.0. Unlike studies 
focused exclusively on technological adop-
tion, this work proposes a socio-technical 
vision that emphasizes the generation of 
value from the interaction between people, 
processes, and digital systems.

From a theoretical point of view, this 
document contributes to the literature on 
production management by systematizing 
the historical evolution of the human role 
into four clearly defined stages, offering an 
analytical framework that facilitates unders-
tanding of the organizational changes asso-
ciated with digitization. In practical terms, 
the proposed learning path provides a useful 
guide for organizations and managers inte-
rested in designing training, retraining, and 
talent management strategies aligned with 
the challenges of Industry 4.0.

As mentioned above, the evolution 
that has taken place in industry must go 
hand in hand with the updating and stren-
gthening of human beings from their pers-
pective as professionals, because this implies 
the growth and development of companies 
and their competitive status in a context 
that requires joint training, including both 
theoretical and attitudinal aspects that ena-
ble efficiency and productivity. 

Finally, the study provides a conceptu-
al basis for future empirical research aimed 
at evaluating the impact of human-centered 
learning models on productive performan-
ce, innovation, and organizational sustaina-
bility, consolidating the human factor as a 
key element in the digital transformation of 
industry.

CONCLUSIONS

The analysis developed throughout the 
article confirms that Industry 4.0 should 
not be interpreted solely as a technological 
advance, but as a profound transformation 
in the way the productive function and the 
role of the human factor within organiza-
tions are conceived. The historical evolution 
of production management shows that, 
although technologies have progressively 
taken on operational and repetitive tasks, 
humans have moved towards functions of 
cognitive integration, information interpre-
tation, and strategic decision-making, con-
solidating themselves as the articulating axis 
between processes, technology, and value 
generation.

The case study of the 3D printing 
workshop illustrates in a concrete way how 
technology acts as an enabler of productive 
capacities, while differential value is built on 
the knowledge, experience, and professional 
judgment of individuals. This human-te-
chnological interaction demonstrates that 
competitiveness in digitized production en-
vironments depends on the ability to trans-
late data into useful knowledge and to trans-
form that knowledge into timely decisions 
aimed at continuous improvement.

Likewise, the characterization of the 
human role from the technical, technolo-
gical, and human-collaborative dimensions 
reveals that the sustainability of Industry 4.0 
requires a rethinking of talent management. 
At the individual level, the development of 
distributed leadership, digital skills, resi-
lience, and knowledge management beco-
mes essential; while, at the collective level, 
organizations must foster cultures oriented 
toward learning, responsible innovation, 
and permanent job retraining. In this sense, 



DOI https://doi.org/10.22533/at.ed.5157326050215

A
rt

ic
le

 1
5

TE
CH

N
O

LO
GY

, P
EO

PL
E,

 A
N

D
 V

A
LU

E:
 A

 H
U

M
A

N
 A

PP
RO

A
CH

 T
O

 P
RO

D
U

CT
IV

E 
M

A
N

A
G

EM
EN

T

11

the proposed learning path offers an inte-
grative framework that allows for the articu-
lation of knowledge, know-how, and inter-
personal skills, facilitating the conscious and 
ethical incorporation of people into intelli-
gent production systems.

This means that operational excellence 
in Industry 4.0 is not achieved solely throu-
gh the adoption of advanced technologies, 
but through their effective integration with 
human capabilities, organizational values, 
and management models focused on sustai-
nable value creation.
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