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Abstract: This manuscript presents the development and testing of a novel model designed
to help organizations, particularly small and medium-sized enterprises (SMEs), address
the challenges of integrating new technologies within the frameworks of Industry 4.0 and
5.0. The proposed model is a metamodel that evaluates organizational and contextual
vulnerabilities concerning both existing technologies and potential external technologies
under consideration for adoption. It synthesizes three foundational frameworks: the
Viable System Model (VSM), the principles of viable and sustainable systems, and the
Technology, Organization, and Environment (TOE) Model. The findings demonstrate
the practical applicability of this model in an SME context, showcasing its ability to fa-
cilitate the gradual and sustainable adoption of new technologies. By aligning business
needs with technological solutions and leveraging insights from computer science and
organizational cybernetics, the model adapts to varying levels of technological adoption, in-
tegrating organizational dynamics and business evolution to support the implementation of
emerging technologies.

Keywords: TOE framework; Viable System Model; Industry 5.0; Industry 4.0; sustainability

1. Introduction

In the context of technological advancements associated with Industry 4.0 (14.0) and
Industry 5.0 (I5.0), organizations face a steep learning and adoption curve for emerging
technologies rooted in computer science (CS) and cybernetics. These advancements encom-
pass artificial intelligence (Al), the Internet of Things (IoT), and cyber—physical systems
(CPSs) [1].

However, throughout the history of industrial revolutions, humanity has repeatedly
faced management challenges in achieving seamless collaboration between machines and
humans. These challenges extend beyond technological barriers to include broader issues
such as sustainability [2,3].

For example, the challenge during the First Industrial Revolution (1IR) was determin-
ing how to mechanize production processes using steam engines and how this would push
the industry, which originated in England and spread globally, primarily to the advantage
of developed nations. At this time, the greatest challenge from the human perspective
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was the replacement of hand-made products by mass production and cheap labor, which
provoked the abandonment of local products and the concentration of centralized mass
products in industrialized cities. This resulted in the formation of the working class, which
was marked by low wages and labor violations [4,5].

The Second Industrial Revolution (2IR) was defined by the widespread adoption
of electricity and internal combustion engines, marking a transformative shift in energy
usage from steam power to electric energy and the combustion of petroleum derivatives.
During this period, the United States emerged as a dominant global force, leveraging
these technological advances to drive industrial production. This era also saw the estab-
lishment of a management framework that continues to influence certain sectors of the
manufacturing industry [6]. Known as classical or mechanistic management, this system
conceptualized human labor as interchangeable parts of the industrial machine, often
exacerbating stress levels during working hours [7].

Furthermore, this era witnessed an increase in the exploitation of natural resources,
which initially manifested itself in substantial planetary contamination. Petroleum-derived
products, especially plastics, have emerged as a global predicament, particularly affecting
oceans and natural habitats and gradually diminishing the biodiversity of various species
around the world [8-10].

The Third Industrial Revolution (3IR) was defined by the development of transfor-
mative technologies, including the internet, transistors, and the digitization of processes,
which collectively gave rise to Information and Communication Technologies (ICTs) [11,12].
This transition period was marked by significant challenges, including information concen-
tration and management, the implementation of remote control systems, the acceleration of
globalization, and the safeguarding of information across national boundaries.

The application of novel technologies to regulate machines and control systems is
theoretically framed within the field of cybernetics. This discipline reached its peak with
the development of first-order cybernetics [13], which explored the interaction between
humans and machines through feedback mechanisms. Its primary objective was to harness
the benefits of automation and control, thereby enhancing human services and optimizing
productive processes.

Subsequently, traditional management underwent transformations, incorporating
novel approaches such as the implementation of just-in-time methodologies and the reor-
ganization of hierarchical structures [14]. This argument is strengthened by the fact that,
as previously mentioned, this dilemma regarding change endures despite advancements in
technology. Despite the complex nature of the operational environment, it shows a lack of
preparedness, an unwillingness to embrace new paradigms, and an insistence on governing
organizations using obsolete procedures.

The Fourth Industrial Revolution, commonly referred to as Industry 4.0 (14.0), inte-
grates advanced computer science (CS) technologies such as artificial intelligence (Al),
the Internet of Things (IoT), data mining, cloud computing, and cybersecurity [15]. Ar-
tificial intelligence, for example, has become a focal point in recent years, with the aim
of developing machines and computers capable of emulating human behavior in service
delivery and production processes [16,17]. In addition, 14.0 seeks to empower organiza-
tions by leveraging these transformative technologies, facing challenges similar to those
encountered in previous industrial revolutions. These include limitations in disciplines,
workforce competencies, organizational cultures, strategies, and structures [18].

Historically, humanity has struggled to fully comprehend the social repercussions of
replacing human labor with “intelligent” machines. This challenge requires the integration
of physical, cybernetic, and social systems, a contemporary framework referred to as
cyber—physical-social systems (CPSSs) [19-21]. On a global scale, institutions and nations
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not only strive to identify the most effective strategies to adapt to emerging technologies
but also ensure that these adaptations minimize negative impacts on the ecosystems in
which organizations operate, regardless of their size [22,23]. Key considerations include
environmental sustainability, human well-being, and the dynamics of human-machine
interaction (cybernetics) [24]. Industry 5.0 (I5.0), a concept introduced in Europe in the early
twentieth century [25], embodies these principles by emphasizing conservation, ethical
production, and service practices that address both internal and external aspects of business
operations. Although I4.0 continues to be a dominant trend in management, in the last few
years, I5.0 has emerged as an alternative visionary management concept due to providing
a different vision of the future of industry [26].

Throughout various revolutions, humanity has adapted in the most suitable way
allowed by each corresponding management paradigm of the era, and 14.0 is no exception.
However, at the beginning of 2020, the relevance of 15.0 prompted technology and organiza-
tions to look for sustainability. According to Verma et al. [27], I5.0 is value-based, and 14.0
is technology-based; the two complement each other, although the idea of 15.0 has not been
widely adopted by researchers. Sustainability and human well-being are the primary goals
of 15.0, which is a subset of Society 5.0. In this sense, I5.0 shows how industry migration
impacts social needs and raises the standard of living with the future scope to make it more
human-centric and sustainable [28].

The problem, when migrating to one or both, lies in the fact that managers and owners
of organizations, from small to large companies, face the aforementioned challenges, as their
current operational methods do not provide them with the ability to effectively execute an
industry transformation. On the one hand, there is a dilemma with regard to knowledge
of and adaptation to processes and infrastructure for I4.0 tools. On the other hand, I5.0
requires the construction of more inclusive jobs, resilient supply chains, and the adoption of
more sustainable production methods accompanied by 14.0 technologies [29,30]. However,
according to Soomro et al. [31], digital technologies influence SMEs to enhance the creation
of economic and social value.

Reviewing the current state [32-36] reveals that the models that have been used for
the adoption of technology are based on models used for the implementation of digital
technologies such as TOE, TAM, etc.; that is, models that have been well accepted since the
end and beginning of the twentieth century are used in use cases such as implementing
computers in organizations, ERP software, social networks, applications, etc. But these
are not enough to understand the complexity of Al in organizations. From a systemic
approach, it is observed that there are internal and external considerations for making the
decision of whether or not to use Al [37]; however, there is no tool for the abstraction and
evaluation of the complexity that reflects the reality of the system under study in order
to identify relevant systems (to weigh) before starting a management process. Only two
studies present evaluation tools [38,39] that benefit management in measuring the progress
of adoption. This highlights the need to conduct an evaluation of an organization’s capacity
for the adoption of technology; the manager would have the appropriate worldview of
the initial state and, therefore, the ability to define whether there has been progress in
adoption and to know whether the objective has been reached. In addition, they lack an
agile evolutionary process that keeps them constantly adapting to the outside and inside at
the speed demanded by the market.

In addressing the presented challenge, the research question (RS) that guides this
work is as follows: How can a systems science-based model guide SMEs in adopting
new technologies in the context of Industry 4.0 and 5.0? To answer the RQ, the research
performs a thorough analysis of the identified issues and proposes a solution employing
a model rooted in the principles of organizational cybernetics. Despite the existence of
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theories, proposals, and practices within this management paradigm dating back to 3RI
with the viability theory in systems [40,41], their widespread adoption remains limited.
In light of the intricate landscape posed by technological advancements in the I4.0 and the
ethical-environmental considerations of the I5.0, the resurgence of robust concepts like
these attains heightened significance. Thus, there is a compelling need to revive both the
theoretical and practical aspects of this knowledge to formulate a comprehensive solution
adaptable to diverse systems based on their intrinsic characteristics.

This manuscript introduces a viable framework designed to provide guidance to
enterprises, particularly those interested in adopting 14.0 technology, while also aligning
with the goals of 15.0. This model is predominantly derived from Stafford Beer’s Viable
System Model (VSM) [42] while also integrating the sustainability principles of the Viable
and Sustainable Model [43]. These theories form the development of a sophisticated
model that can effectively tackle the issues presented via the recent industrial revolutions.
To improve the model, the ideas of the TOE model [44] were incorporated; these ideas are
widely used for the assimilation of new technology in various organizations and business
domains. The following sections explore the different models and theories that contribute
to the metamodel known as the Viable and Sustainable Model for the Adoption of New
Technology (VSM-ANT). To date, no other contributions with these characteristics have
been recognized as addressing the challenges of Industry 4.0 and 5.0.

Finally, a practical demonstration of the proposed VSM-ANT model is presented,
showcasing its real-world application. The study was carried out at a secondary-sector
company that specializes in plastic pelletization for subsequent plastic packaging shaping
and molding. The company’s identity will remain confidential in the model description.
However, it should be noted that the company is classified among small and medium
enterprises (SMEs) and is located in the Valley of Mexico, a significant economic region
of the country. This organization enabled us to document, analyze, and guide an artificial
intelligence adoption process.

2. New Technology Adoption

14.0 gained momentum and was primarily utilized by companies as a result of its
perceived advantages within the capitalist system. Consequently, the incorporation of
computational fields, such as artificial intelligence, became increasingly significant until
the early 2000s. To discern a subject of global significance, one only needs to examine many
studies and implementations in the fields of education [45], business [46—48], and govern-
ment [49,50].

Currently, we are in the middle of 14.0, where there is a significant transformation of
industrial processes and daily life worldwide. However, this transformation is accompanied
by various challenges that need to be addressed in order to adapt effectively. In addition to
the factors mentioned in the first section, there are several others that should be considered.
These include the efficient handling of multitasking by workers, the presence of experienced
managers in the industry, employees who are more focused and purposeful, challenges in
accurately determining investment returns, cyber security concerns, access to high-quality
information, a reliable internet connection with good bandwidth, and a well-structured
organizational setup [15,51]. However, it is also important to take into account the social
implications if an ethical and socially responsible adoption is desired [52]. 1RI, 2RI, and 3RI
have demonstrated a lack of responsible implementation. Now, the success of 14.0 depends
not only on technological advances but also on creative collaboration and harmonious
interaction between humans and machines to develop homeostatic systems [53].

Based on these assumptions, a novel study was conducted to examine the ways
in which the business community has attempted to incorporate the new technologies
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of 14.0 [54]. Two goals guided this research: first, to identify the models; and second,
to understand the challenges facing SMEs as a result of 14.0. Three primary models were
identified as having the potential to enhance organizational management’s adoption of
new technology.

* Business models: These models adjust the business model in order to incorporate
training for new technologies as a critical component of their operational policies.

¢ Diagnostic models: These models generate a diagnostic of the organization’s condition
and highlight the critical sections that need to be adhered to in order to achieve adoption.

*  Process models: These suggest approaches to achieving adoption objectives, but they
lack an initial diagnosis that would indicate the organization’s readiness to implement
the strategies.

These three qualities of the models were discovered independently in different plans.
They appear to stimulate the incorporation of new technologies, but they lack the viability
and transdisciplinary integration needed to achieve the objective [55]. For example, the first
type recognizes that it is impossible to change an organization’s business model without
first comprehending its environment and self-assessing to determine what the first step
should be. However, strategies with weaknesses in the business model cannot be launched
since the strategy must be oriented toward the objectives that have a direct impact on the
business model.

Upon transferring the three attributes of the general structures of organizations, it is
clear that they can be distributed among different functions within a company. For example,
establishing the pillar functions of an organization takes priority over developing a precisely
delineated new business model. However, firms that prioritize strategy and process
may lack clear foundations, and their business model fails to determine the direction of
these activities.

The readiness or diagnostic models designed for stakeholders were among the most
relevant findings. These models comprise clearly defined criteria that allow organizations to
self-evaluate and determine their readiness for the adoption process. Illustrative examples
of such models include the Technology Organization Environment Model (TOE) and the
Technology Acceptance Model (TAM), both of which have been implemented to evaluate
the feasibility of adoption for various organizations, universities, and companies [54,56,57].
For this research, the TOE model was selected as a diagnostic tool to integrate with the
Viable System Model (VSM). Its purpose is to assist with the initial diagnosis of the meta-
model for the implementation of new technologies. The essential attributes that a business
has to consider in order to prepare or launch an adoption process are taken into consid-
eration. Figure 1, designed based on the elements of the TOE framework, illustrates the
principal criteria that a company must consider for successful implementation. These
elements have been thoroughly analyzed and expressed through extensive studies and
questionnaires conducted with managers from various countries [54].

These fundamental elements are used in the third section to explain the design of
the VSM-ANT. The aim is to detail the key points that organizations need to innovate
on through the proper use of VSM, creating a common and recognizable framework for
organizational design. Each element grouped in Figure 1 represents activities that directors,
managers, or strategists are accustomed to and handle daily.
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Figure 1. TOE model adapted from the work of Tornatzky and Fleischer in [44].

3. Cybernetic Organizational

Cybernetics, as defined by Wiener, refers to the process of controlling and communi-
cating between humans and machines by exchanging information in a continuous loop [58].
However, in contemporary times, the advantages of cybernetics extend beyond artificial
systems and encompass natural systems, including organisms and societies. These sys-
tems are now examined through the lens of cybernetic control and communication. Beer,
a prominent figure in the field of cybernetics, describes it as the study of efficient systems
and their functioning [40]. Beer perceived cybernetics from a broader perspective and
dedicated his research to constructing a highly resilient model that would guarantee the
future viability of a system.

In summary, viability, according to Beer, refers to the maintenance of an organization’s
identity through a comprehensive regulatory process that encompasses learning, adap-
tation, and evolution, thus allowing its survival. Viability is the function of achieving a
suitable balance between the autonomy of subsystems and their integration within the sys-
tem, or the balance between stability and adaptation. Although Beer aimed to conceptually
convey the complexity of the term “viability”, he also developed a model that not only
conceptualizes the value of viability but also proposes an organizational structure with
various subsystems that collectively pursue a common objective [42].

The Viable System Model (VSM), developed by Stafford Beer, encompass the essential
features of viability. The model is grounded in three fundamental parts (Figure 2: The envi-
ronment refers to the specific conditions and circumstances in which a system functions,
and it determines and controls the system’s performance based on its goals and potential
risks. Operation encompasses the framework and components that are responsible for
performing the essential tasks involved in engaging with the environment. The manage-
ment or meta-system is responsible for orchestrating the harmonious collaboration of the
functioning subsystems in order to uphold the identity and goals of an organization). Beer
adds two elements to the model, amplifiers, and attenuators: an attenuator (represented as
a resistor), whose function is to reduce variety and share just important information with
the system; and the amplifier (represented by a white arrow), whose function is to increase
variety and transmit more information to the system.
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Figure 2. Basic elements for a self-organization based on the work of Beer [40].

Furthermore, the operation and management elements consist of five subsystems,
as indicated in Table 1. These subsystems play a crucial role in achieving viability. The op-
eration includes subsystems S1, whereas the remaining subsystems constitute management.
Management plays a crucial role in coordinating and exerting control over the various Sls
that may be present within an organization.

Table 1. Subsystems.

Subsystem Name Contributions

S1 Operative It is responsible for activities that give the organization
its identity; it operates the organization’s daily services
and products.

S2 Coordination It coordinates and manages the daily operations of S1.

S3 Control S3 performs operations using the “inside and now” phi-
losophy while coordinating S1 and S2 in the entry system.

S3* Auditing S3* Monitors underlying processes. In the case of errors
or exceptions, it can escalate them to this system.

S4 Intelligence 54 collaborates with S3 and S5. It operates exclusively
“outside and then” devises strategies to balance the sys-
tem within its environment and ensures that its daily
operations are viable and sustainable.

S5 Policy S5 establishes the values and politics of the organization.
They determine the trajectory and oversee each subsys-
tem in anticipation of catastrophic events that have the
potential to break down the organization.

Ultimately, his research centers around the VSM, a framework that integrates cybernet-
ics, complexity theory, and structural analysis. In addition to subsystems and the axioms
delineated by Beer, these three components direct the development of viable systems.
The template is depicted in Figure 3.

Describing the VSM is essential since it is a highly effective tool for overcoming
the challenges a company faces when integrating into 14.0 and 5.0. Nevertheless, this
current project incorporates a proposition that is more suitable for computer science (CS)
technologies and simultaneously aims to achieve sustainability from Espinosa’s viewpoints.
This leads to a model that is more detailed and more aligned with the TOE requirements
for an adopting corporation.
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Figure 3. Viable System Model [40].

Viable and Sustainable

Stafford Beer introduced the notion of viability at organizations through his compre-
hensive collection of books and articles, in which he established the Viable System Model
(VSM). More recently, systemic developers have focused on the study and development
of viable and sustainable systems (V&S) [59-61]. The accurate diagnosis provided via
these studies using the self-transformation method (STM) allows us to gain a thorough
understanding of the challenges and impracticability facing a company. The research aims
to comprehend accurate diagnostics and discover issues within the niche.

To integrate the basic concepts of system sustainability, we rely on the book The Viable
System Model in Action [43]. Espinosa references us, and we address the definition of
sustainable development as established by the World Commission on Environment and
Development. Sustainable developments are defined as the type of development that meets
the needs of the current generation without compromising the ability of future generations
to meet their own needs.

An organization aiming at sustainability must break away from the existing economic
model. If growth or stability is only determined by monetary factors, it can lead to the
development of organizations that are financially viable but not sustainable long-term.
Additional evaluation criteria should be present, including aspects such as social, environ-
mental, and political concerns and well-being [62].

To consider a system a V&S, it must have the following attributes:

*  Able to exist independently without separation from its niche or from future genera-
tions that will inhabit it.

¢ lts structural niche coupling may result (or may not) in access to vital resources and
knowledge to effectively implement its identity.

¢ [t can survive with the resources it has access to.

¢  Its products or services are welcomed and needed in its niche.

¢ It does not result in a separation from its social or ecological niche.

¢ It contributes to improving the quality of life of its affiliates and the communities with
which it interacts.

* It preserves and/or improves the biodiversity and health of ecosystems in its niche.
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The crux of comprehending V&S is in the concept of a niche. Espinosa consistently
employs the term niche to refer to an entity that interacts directly with its environment.
Specifically, the S1 subsystems, which Beer indicated as key components in establishing cy-
ber organizations, are largely described as niches. All aspects are significant, but Espinosa’s
study with V&S specifically focuses on implementing the self-governance of these specific
areas, known as S1, in order to achieve more independence by delegating operational
decision-making away from the other subsystems, S3-S5. Doing this demonstrated that the
effectiveness of systems can be significantly enhanced.

4. Model Description

The previous models and approaches adequately serve the purpose of providing a
guide and introduction to the metamodel proposal. In the field of organizational cyber-
netics, the Viable System Model (VSM) framework and the Technology—Organization—
Environment (TOE) model serve as the necessary requirements for an organization to
enhance its capacity to adopt new technologies (Figure 4). In addition, efforts are made
to strengthen the implementation of the VSM, with a particular focus on sustainabil-
ity [43,63,64].
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Figure 4. Models.

Both models have extensive utility in organizations and provide advantages in organi-
zational diagnostics and the assessment of functional deficiencies, which could enhance
the ability to embrace new technologies. Each has addressed the practicability of its imple-
mentation. However, both models offer inherent potential on the basis of their respective
design methodologies. Moreover, the VSM represents the viewpoint of the organization,
whereas TOE pertains to the process of adopting new technology.

Since the analysis conducted in the initial Section 1, the challenge of organizational
management has persisted after the advent of Industry 4.0 (I14.0). Organizations often
prefer straightforward models aligned with business strategies, such as the Technology—
Organization-Environment (TOE) model, which can easily translate organizational goals
into actionable strategies for owners and decision-makers. However, the complexities intro-
duced via Industry 4.0 and 5.0 require a paradigm shift, rendering traditional approaches
impractical. The key to the successful adoption of new technologies lies in effective organi-
zational planning and readiness.

The application of both models is founded on systems science, namely the devel-
opment of a model that can handle the necessary complexity to ensure organizational
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viability and sustainability within the context of 14.0 and I5.0. The metamodel is designed
to facilitate the translation of commercial company requirements into organizational cyber-
technologies’ needs.

To effectively implement a relevant model, it is essential to perform an enterprise
diagnosis using the TOE framework. Figures 5 and 6 illustrate the allocation of key criteria
related to the environment, meta-system, and operation of the VSM. The TOE criteria are as
follows: The Organization subsystem is rated on a scale of 1 to 5, the Technology subsystem
on a scale of 1 to 4, and the Environment subsystem on a scale of 1 to 4. These criteria are
then distributed across the three core components of the VSM to determine the specific
tasks required for each subsystem.

Organization Technology

Environment
1. Top management e R
1. Compatibility/IT 1. Competitive/ industr
support ) infrasrocture pressure. ’
2. (Technical) .
competenciés 2. Relative advantage 2. Governmental
3. Resources 3. Availability and regulations.
4. Structure quality of data
5. Strategy 4.Tool availability 3. External Support.
4 Eco-systems <
~ -
~
~ , s
~
~ 7’
~ -,
~ 7’
~ -’
~ -’
~
~ ’ s
~
~ -’
~ 7’
~ s

Figure 5. TOE model.

2%@‘

Figure 6. TOE distributed across VSM.

This distribution initiates the implementation of the VSM-ANT, where the subsystems
are assigned TOE criteria to ensure that stakeholders understand the specific responsibilities
of each subsystem in the context of adopting new technology. Moreover, while systems
thinkers familiar with VSM excel in identifying issues and devising strategies to address
cybernetic challenges, stakeholders operate differently. They focus on goals aligned with
their business models, involving tasks such as validating information, understanding
organizational infrastructure, and developing competitive strategies.

This structured approach facilitates the translation of business imperatives into sys-
temic structures and processes. Therefore, the subsequent focus and primary guideline in
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employing our model’s proposition emphasize the critical importance of the 0—4 “organiza-
tional structure” criterion, which is essential for ensuring the model’s analytical feasibility.

4.1. The Importance of the 0—4 Criterion

It is important to note that the “0—4" criterion, depicted in Figure 7, should be given
priority when considering the most crucial factor for a successful adoption. 0—4 denotes the
organizational structure, which is a fundamental element in the implementation of new
technologies [65,66]. Therefore, it is necessary for the category “0-4" to include the five
subsystems mentioned with reference to the VSM (Table 1). If it is not included in any new
adoption procedure, it is unlikely to achieve success.

Operative Units (S1)

Coordination (S2)

Operational Management ($3) Physiology Pathologies (Ramirez )
Audit (S3*)

Analysis of enviroment and planning for the future (S4)

Anatomy Pathologies (Cardoso Castro and Espinosa)

Normative management and Identity (S5)

Figure 7. “O-4".

These subsystems play a crucial role in creating flexible and intelligent organizations
that can adapt to rapid and uncertain changes in the present. In fact, current research
continues to emphasize the importance of these five subsystems for organizational viabil-
ity [67-70].

After evaluating the significance of the 0—4 criterion, it is feasible to proceed with the
use of the workable model depicted in Figure 8 called VSM-ANT. The adopting organization
will discover that the remaining TOE criteria, attached to the Stafford Beer model, serve as
guidelines that subsystems must conform to.

— Top Manager support —\
4 . (o3>

Willing to moify business model and structures.

&

Having trained personnel

Verify efficiency, competitiveness, cost reduction.

Considering current infrastructure and tools.

Modifing business model for the future
(Strategy).

Definition of goals (KP)) Budget planning
Monitoring the Strategy (53*)

RCRCROR)

Verfy data current availability

Tools viability

K

Daily organization Strategy

G

Verify data availability and quality (52)
Tools viability

Technical competences.

@

Figure 8. VSM-ANT.

Each criterion is a task that must be executed via each subsystem, using training,
workshops, and the creation of action plans. It is advisable to include measurable key
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performance indicators (KPIs) to provide feedback on the progress made at each level of
the comprehensive model. The TOE criteria depicted in Figure 8 must be met through the
hermeneutic responsibility among VSM subsystems following the principles and process
description described below.

4.2. Principles and Processes

The first principle for using the model at any organizational level should begin with
the following:

*  Recruit the five VSM subsystems to achieve viability and continue to adopt new
technologies. This principle follows criterion 0—4.

Once the viable structure of the system has been completed or listed, the second
principle of the use of VSM-ANT emerges. This principle is the trigger for any activity
relevant to substantial changes in reality:

¢  To cover the TOE criteria or work on them, the model analysis must be top-down in
order to assess which ones are covered and which ones need to be worked on.

For instance, criterion T-1, “changes in external technology”, must belong to the
responsibilities of 54, which proposes its autopoeitic modifications. However, as observed,
this criterion T-1 is shared with S1.

T-1 is shared by two important premises. First, returning to Espinosa’s niche princi-
ple [61], the analysis of tools and infrastructure must be carried out in the “niche” (S1),
since it interacts with the interior and exterior of the system. S1 will use technology and
transform energy, matter, or information for the benefit of its environment and the general
system itself.

The second reason is that 54 seeks to generate a strategy; however, it must understand
the behavior of S1 and how the adoption proposals will affect its performance.

Based on this example, the third principle for using the VSM-ANT is also emphasized.

e If the criterion is located within the responsibilities of more than two subsystems,
the analysis must take into account the worldview of the subsystems in interaction.

This third principle mentions that the worldview of systems in direct interaction with
the desired modification must be taken into account; however, it does not limit other
systems’ interaction.

The last principle refers to the criteria that directly influence the S1 subsystems, as they
are the “niche”.

*  The TOE criteria interacting in S1’s must seek sustainability in their behavior.

As the model description advances, it becomes evident that the criteria are fulfilled.
For example, functions O-1, 2, and 5 within 54 require collaborative evaluation by members
of the organization. Although these functions fall under S4’s responsibility, the primary
goal is to enhance relationships between subsystems, identify factors impacting operations,
and effectively implement TOE criteria recommendations. The main objective of this part
is to assess the viability of the proposed changes and determine whether the integration of
new tools is necessary and beneficial to the system (T-2; T-1). Avoid pursuing solutions that
are either more complex than necessary for the firm or not sufficiently complex to meet the
demands of the environment, competition, and customers (E-1; E-3).

This is how the TOE criteria are understood in the Viable System Model (VSM).
The combination proposal due to the Stafford Beer model is effective in managing commu-
nication between subsystems and complexity, while the TOE model is useful for evaluating,
diagnosing, and implementing new technologies. By combining the strengths of each
model, a reproducible functional structure can be created for every organization.
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Finally, Figure 9 aims to describe the iteration at different organizational levels, fulfill-
ing the TOE criteria since “organization status” until reaching the desired model, the “Last
status”. As shown, no other work promotes the adoption of new technologies through
holistic thinking and managerial thought applied by TOE. It should be noted that, while a
work was found with holistic perspectives that promote business maturation, it does not
present a viable structure and process [65]. Using the VSM-ANT model, an organization
becomes “alive”, continuously seeking homeostasis and sustainability.

Organization Status Last Status

Figure 9. VSM-ANT process.

In each iteration, the subsystems involved must decide on the best practices and
criteria to fulfill in each iteration. To carry out the process, it is important to follow the four
principles previously described and to adopt tools used in the three methodologies com-
bined in a transdisciplinary manner, namely using the VSM, TOE, and V&S. Furthermore,
it is essential to make it known to model practitioners that a system thinker is indispensable
in teamwork, serving as a manager and designer of the tools used during the adoption of
new technologies.

To exemplify everything described in this section, we explain in the following section
the first implementation of the model.

5. Application

We worked with a medium company classified among small and medium companies,
which was dedicated to plastic manufacturing and located in one of the most important
economic areas of the country: the Valley of Mexico Zone. This region is a key hub for
various companies at the national level, according to the National Statistics of Economic
Units in 2022. Almost 20% of all companies in the country are located in this area.

This company, which we will call “Pelletizer” to maintain its anonymity, specializes in
the development of plastic pelletization. Its main commercial objective is the production of
raw materials for injection molding, profile extrusion, and color mixing for specific products.

The core mission of the company is to deliver exceptional-quality plastic pellets that
meet specific customer requirements. To achieve this goal, Pelletizer is implementing an
artificial intelligence system to streamline their quality control system for plastic pellet
production. This innovative system aims to identify manufacturing defects promptly,
eliminating reliance on the quality department’s judgment for every pellet. By automating
defect detection, Pelletizer can ensure consistent quality and minimize customer returns
due to products not meeting specified standards. This not only benefits their customers but
also optimizes their internal processes.
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Following the description of the model (Section 4), the first principle to be implemented
is to ensure the readiness of the five subsystems of the Viable System Model (VSM): 51, S2,
S3, 54, and S5.

To analyze the system and ensure the readiness of the five VSM subsystems, the team
organized an in-person workshop with the participation of representatives of the Continu-
ous Improvement Department, production line workers, and the security group. During the
workshop, the three areas conducted guided tours of the plant to provide detailed explana-
tions of how they carry out their processes. This enabled a comprehensive diagnosis of how
they could adapt to the VSM and, additionally, helped identify, through the application of
a questionnaire based on the work of Ramirez Gutiérrez et al. [54], the criteria within the
TOE model where they experienced the greatest deficiencies. It is important to note that
the TOE model evaluates organizations’ capacity to adopt new technologies.

This is the information that will come out after the workshop:

1.  S5: Regional coordination exists whereby the company’s policies and identity are
aligned, and the implementation of artificial intelligence (Al) in the pelletization
process is supported by the senior regional manager. This is encapsulated in four
organization-wide pillars: People, Product, Operational Excellence, and Business
Excellence. Operational Excellence is associated with each of the most essential values
for the organization, in this instance, the adoption of Al

2. 54: The organization is committed to the ongoing development and modifica-
tion of the system in response to its internal and external environment. “As the
leader of continuous development, you must engage in ongoing planning and
training to surpass the various operational and product excellence standards of
international certifications”.

3. 53: Management is the responsibility of a chief in each area; for instance, the chief of
continuous improvement oversees the deployment of new processes to their respective
operating areas with the support of an assistant, whose duties are more similar to
those in subsystem 2.

4. 53* Aninternal audit is conducted under the supervision of quality and in accordance
with methodologies such as Lean Six Sigma to ensure that positive and negative
control outputs are maintained per area. In addition, it includes an exclusive quality
section that conducts internal examinations of all product-related components.

5. 52: A supervisor is assigned to each area; in the primary location where the adoption
is being pursued, a production supervisor oversees the four lines that are operational.

6. S1: This comprises the line workers who supervise, operate, sanitize, and mix,
among other responsibilities.

Understanding the organization’s structure and alignment triggers the initiation of
the second principle and its related process.

5.1. First Process

In interviews conducted with the continuous improvement manager and related areas,
51, it was determined that the organization is backed by management, which possesses a
vision of transforming business models and structures while fostering innovation.

Following the second principle, from the top to the bottom, the missing criteria TOE
in the first process are marked in Figure 10, with red for the missing criteria and green for
the criteria fulfilled.

Not all criteria are colored green; instead, the red ones indicate those that have yet to
be developed and require a transition to the green state.
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In 54, the E-3 criterion, with the contribution of computing specialists, determined
that the initial version of the structure includes one or more missing criteria suggested by
the model.

Top Manager support *
Product vision in subsystems.
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Figure 10. First process. The red crosses refer to the missing criteria and the green stars for the
criteria fulfilled.

Likewise, the third principle must be applied at this point. The subsystems chose the
best criterion to prioritize first. The important aspect is fulfilling one, two, or three criteria
in sequence, and if working on one criterion helps fulfill others, it is advantageous.

In this first instance, the organization chooses T-2 to validate the viability of Al
intervention and implement cost reductions.

The challenge of identifying costs, benefits, and feasibility was addressed by incorpo-
rating a processing step into a minimum viable product (MVP). This step was performed
offline before the production began to ensure that the information could be modified and
adjusted effectively. As part of this process, the product images were integrated into an
artificial intelligence system designed to distinguish between defective and non-defective
surfaces. These images (Figure 11) were used throughout the training phase to ensure the
accuracy and reliability of the system.

Figure 11. Training images.

The photographs were taken over one week using product samples obtained from
the quality control department. Due to restrictions in the department, photographs could
not be captured on a designated table. Instead, a dual-lens smartphone camera was used,
featuring a 12-megapixel primary sensor and an ultra-wide-angle lens. The camera setup
was mounted on a fixed base, positioned 30 cm above plastic pellets, ensuring consis-
tent framing and focus across all samples. To prepare the data for training, reprocessing
of the captured images was necessary. A minimum of two thousand images of specific
dimensions were taken and subsequently subdivided into nine groups, resulting in approx-
imately 18,000 images. This extensive data set was used to effectively train the artificial
intelligence model.

The images were then subjected to a second round of information preprocessing; they
were converted to grayscale to identify physical deformations, such as those of longer or
more porous surfaces, for which grayscale alone would have reduced the training time.

The architecture used for image classification is based on the VGG-13 architec-
ture [71,72]. This provides a detailed example of its implementation, featuring sequential
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convolutional layers and grouping operations that establish a strong foundation for fea-
ture extraction and pattern recognition, which are both essential for identifying defective
surfaces. However, this study focuses on demonstrating how artificial intelligence can
be applied in a viable and practical manner, particularly in real-world manufacturing
environments. The use of VGG-13 in these references serves as just one example of how
this model can be used effectively.

In evaluating the performance of the model, we used the accuracy metric. This choice
was driven by the balanced nature of the dataset across all classes, where prioritizing overall
classification performance was critical. Accuracy, as a measure of the proportion of correctly
classified instances, aligns with the objective of minimizing errors in image classification.
Figure 12 illustrates the nesting behavior of the data during training, highlighting the
model’s ability to generalize effectively. The consistent performance across training and
validation datasets further validates the selection of accuracy as the most appropriate
metric for this context and demonstrates the robustness of the chosen approach.

100 { — accuracy
05 val_accuracy
0.90

00 25 50 75 100 125 150 175

Figure 12. Accuracy.

The arrangement was constructed using a perceptron, a classifier, and three convo-
lutional layers. As illustrated in Figure 13, the data pass through three convolutional
operations before reaching the flatten layer, which connects to the perceptron. Ultimately,
the classifier was developed to differentiate between defective and non-defective items.
The training of the neural network resulted in satisfactory performance, achieving a precision
of 93% (Figure 12). This value, determined through a computational metric that quantifies
accuracy, highlights the effectiveness of the model in classifying the items correctly.

Defective

74
e - ----
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Figure 13. Convolutional neural network.

After the process was successfully demonstrated, both managers and operators gave
their full approval. When integrating a new tool, the T-2 procedure must be followed
to understand to what extent the new technologies will affect the processes that need
improvement. Using this approach, an organization can effectively facilitate the integration
of new technologies and the execution of subsequent functions.



Appl. Syst. Innov. 2025, 8, 14

17 of 23

5.2. Second Process

A subsequent iteration of the model is executed under the assumption that the T-2
function reaches a valid conclusion. The subsequent Figure 14 illustrates the revised criteria
that the organization assesses to promote the adoption of artificial intelligence, T-1 in S4
“Considering current infrastructure and tools”.
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Figure 14. Second process intervention. The red crosses refer to the missing criteria and the green
stars for the criteria fulfilled.

In this diagnostic, we collaborated with a different category of specialists who modify
the production lines of other businesses; in this case, the required infrastructure, costs,
and strategy for a new learning initiative were determined in conjunction with comput-
ing specialists.

The subsequent list will exclusively outline the prerequisites, machinery, and approach
for the third iteration that the organization demanded to estimate the costs and milestones.

e Position a camera-loading limb that is also equipped with the necessary components
to acquire the training information.

e Construct camera and control elements and modify the production line procedure.

e  Load of information (videos) about the primary defects to be trained on.

*  Develop a beta version of the initial three defects.

A potential solution was to incorporate it within the existing infrastructure, with the
arm positioned at the location indicated in green (Figure 15).

Upon the completion of this iteration, two additional criteria of the VSM-ANT were
achieved to identify the strategy for incorporating this new tool (T-1) into the environ-
ment in order to complete a new phase of the model. However, the company decided to
temporarily suspend the adoption project due to circumstances that were not related to
the project.
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Figure 15. Robotic arm.
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If the company had continued with the process, the VSM-ANT would now have the
following appearance as a third iteration of the model (Figure 16).
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Figure 16. Third process intervention. The red crosses refer to the missing criteria and the green stars
for the criteria fulfilled.

During a third working table with the innovation area, the manager stated that training
personnel (0-2) on how to collaborate with Al and developing an integration strategy
(0-5) to support the operational areas were the subsequent stages in implementing the
intervention in the lines.

The meeting with the company came to an end, and the investigation will recommence
once the organization makes a decision regarding the investment’s continuation.

6. Discussion

This research addresses the problem of integrating technological advancements in
business organizations in an orderly and gradual way. Despite the existence of models
designed to tackle this challenge, historical and theoretical analyses show that they lack
holistic and sustainable approaches that are easy for system owners to interpret and apply.

Our research proposes the Viable Model for the Adoption of New Technologies,
whose main contribution is the transdisciplinary integration of the managerial advantages
of the TOE model, the viability of the VSM, and the sustainability of V&S. This model
aims to address the contextual and historical issues discussed in the first two sections of
the manuscript.

Our model is the main contribution of this research, as no other model combines these
features. Although there are holistic works and contributions from the V&S approach, none
provide tools that clearly define the criteria to be evaluated and transformed.

To validate this tool, we performed the first application of the model at a plastic
pelletizing company. One of the most relevant actions was to assess the current state of the
organization. Fortunately, the organization had a structure similar to the VSM with its five
defined subsystems, facilitating the first principle of the model, which we named 0-4.

Subsequently, the model allowed for a technological validation of what was intended
to be introduced into the production line, a criterion also covered by the TOE. This valida-
tion was carried out by the subsystems of the corresponding management area, coordinat-
ing communication with external consultants (environmental) and the operations system
(production line).

This validation was performed as the first cycle of the model. First, a validation
strategy was developed, a full technological process that included training a convolutional
network and verifying its benefits. Al demonstrated its ability to detect production defects
with 93% precision. This first cycle allowed decision-makers to approve the continuation of
the process, seeing the opportunity to improve their quality system and potentially reduce
operational costs by minimizing production waste in a process normally assisted only
by humans.
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The second cycle of the model provided an organized method for determining the
infrastructure the company would need for a direct intervention on the production line.
A tailored solution was designed, video recordings were made, and a new phase of neural
network training was started. This second cycle, along with the third theoretical cycle,
aimed to define human behavior processes once the Al detected defects. This phase would
establish KPIs and training for worker interaction with Al, leading to the creation of a
cyber—physical system.

Unfortunately, due to financial constraints and decisions by system owners, the third
cycle of our model, which would define communication channels between the operating
system, the environment, and management systems, was not implemented. This is our
future recommendation for the company, as defining these processes would bring them
closer to a viable objective. In addition, we recommend applying our model to other
organizations in order to verify its general applicability. We understand that to consolidate
the use of our model, more applications need to be documented, but the cycles applied to
the organization demonstrate that the tool functions as a managerial support to adopt the
principles of 14.0 and 5.0 in an orderly and gradual manner.

7. Conclusions

The study identified several challenges that organizations face when transitioning to
Industry 4.0 and 5.0. These challenges often arise when organizational owners continue to
employ traditional management strategies or when organizations achieve a satisfactory
level of success but fail to meet the goals of Industry 5.0. The main problem lies in
integrating technological advancements into business organizations in a viable, orderly,
and gradual manner.

Current models, such as the TOE model, tend to focus on managerial evaluation to
determine an organization’s adoption capabilities. However, these models only evaluate
business characteristics and do not propose methodologies, structures, and processes from
a viable and sustainable perspective. This prevents the creation of a holistic tool tailored to
contemporary business demands.

The manuscript developed the necessary theories to construct the model, sharing the
premise that the fundamentals of systems science are essential for transforming an organi-
zation. Subsequently, the main contribution and integration of the research was presented
in the design of the Viable Model for the Adoption of New Technologies (VSM-ANT). Its
design was described as a guide for developing diagnostics, strategies, and processes that
support the managers of an organization step by step.

Furthermore, the VSM-ANT model, applied in a pellet company, demonstrates its
effectiveness in identifying the fundamental criteria of the TOE and how the integration of
the VSM and sustainability allows it to be used as the appropriate tool for viable diagnostics,
structures, and processes in modern management demands. In addition, this model can
be further defined in its evaluation frameworks, providing a more detailed explanation
of how to adapt the TOE criteria to different organizations. This opens the possibility of
perfecting our VSM-ANT model and allowing its use by other scientific collaborators.

However, in this manuscript, only the second iteration of the VSM-ANT model is
reached, that is, the adaptation of the robotic arm to the production line and the accuracy in
data collection. Therefore, in future work, the third phase remains to be carried out in order
to establish the performance indicators or KPIs once it has been proven that the integration
of artificial intelligence is viable.

Moreover, in the short term, it is not possible to implement the VSM-ANT model,
for a robust validation of the same, at different companies because it is very difficult
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for companies to allow access to their facilities and provide very sensitive information
pertaining to them.

In addition, to properly implement the VSM-ANT model, the end user must pos-
sess knowledge of systems science in order to carry out the activities proposed by the
model. Additionally, support from a specialist in computer science is required to propose
technological solutions, according to what the model suggests.

Finally, as part of future research, it will be crucial to define measurable sustainability
outcomes and establish clear metrics to assess progress, encompassing environmental,
economic, and social dimensions to ensure a comprehensive evaluation of the system’s
impact. We believe starting with the implementation of the viable model opens the door
to introducing sustainability, as both concepts complement each other. Dr. Espinoza [43]
explains in detail how understanding the behavior of Subsystem S1 in relation to its en-
vironment (which she refers to as a “niche”) and its implications allows the definition of
specific sustainability metrics for each system. In this sense, the model could be strength-
ened in this area by conducting a sustainability analysis based on the principles of viable
and sustainable systems, providing a more robust framework aligned with sustainable
development goals.
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