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Abstract

Industry 4.0 has been gradually implemented across all productive sectors today and the sugar agroindustry is no
exception; however, there are still gaps to close. This study presents an Industry 4.0 maturity evaluation model for the
sugar cane sector. Although there are several evaluation models of this type, there is no one focused on this type of
industry. The methodology consists of 3 stages: the review of existing literature to substantiate the construction of the
model, followed by the development and structuring of the industry 4.0 evaluation model for the sugar industry, with
specific considerations for application areas, and concluding with the application of the model in a case study. Finally,
this work presents an Industry 4.0 evaluation model for the sugar sector, which can be used to evaluate the level of
maturity of these organizations concerning Industry 4.0.

Keywords: Digitization; Smart manufacturing; Measurement; Agricultural industry; Food industry; Digital
transformation; Industry 4.0; Agribusiness; Maturity model; Sugar industry.

Resumen

La industria 4.0 se ha ido instalando en todos los sectores productivos en la actualidad y la agroindustria azucarera no
es la excepcion, sin embargo, atn existen brechas que acortar. En este trabajo se presenta un modelo de evaluacion de
madurez de industria 4.0 para el sector azucarero, que si bien existen varios modelos de evaluacion de este tipo no hay
uno enfocado para este tipo de industria. La metodologia consta de 3 etapas: la revision de literatura existente para
fundamentar la construccion del modelo, seguida por la elaboracion y estructuracion del modelo de evaluacion de
Industria 4.0 para el sector azucarero, con consideraciones especificas para las areas de aplicacion, y culmina con la
aplicacion del modelo en un estudio de caso. Finalmente, en este trabajo se presenta el disefio y aplicacion de un
modelo de evaluacion de madurez de Industria 4.0 para el sector azucarero.

Palabras clave: Digitalizacion; Manufactura inteligente; Medicion; Industria agricola; Industria de alimentos;
Transformacion digital; Industria 4.0; Agroindustria; Modelo de madurez; Sector azucarero.

1. Introduction in various operational areas of organizations. These

advancements are propelling companies towards the
In today's world, the productivity of companies is  digitalization of their physical world, marking a
strongly driven by technological developments occurring  transition to the so-called Fourth Industrial Revolution or
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Industry 4.0. This paradigm involves the integration of
cyber-physical systems through the application of the
Internet of Things (IoT) in industrial processes, thereby
increasing the efficiency and effectiveness of
organizational activities and making them more
productive and profitable.

The speed and magnitude of the changes brought by the
Fourth Industrial Revolution should not be overlooked.
These changes enhance power, wealth, and knowledge.
Understanding the pace and nature of these
transformations is essential to ensure that advancements
in knowledge and technology benefit all areas and people

[1].

The topic of discussion in the agricultural industry varies
across a broad spectrum, and agribusiness systems are
intertwined in many ways, from the exchange of raw
materials to final products. The problems are there and
prevalent over time; the problem of farmers setting up
local food systems with incomplete product-related data;
Who delivers to whom? How are the products delivered?
And what are the transportation costs and other expenses,
food processing technologies and their acceptance by
consumers [2]. Besides the growing number of studies
linking 14.0 and sustainability demonstrate the strong
relationship  between the issues, characterizing
sustainability as one of the pillars of smart manufacturing

[3].

Sustainability (social, economic, and environmental) is
considered of great importance today, there is great
attention to environmental sustainability when external
risk factors occur, such as: drought, humidity, climate
variability, etc., which directly affect agricultural
activities and vice versa. However, there is an affinity
that relates one topic from a particular sector to another.
It is that most of its efficiency, performance and
productivity can be improved by integrating automation
and information technology to overcome the distinctive
problems that hinder the sector [4].

In this context, digital transformation in agriculture under
the framework of Industry 4.0 explores the economic
impact of digital technologies and envisions scenarios for
the further development of the agro-industrial complex,
aligned with global digital economy trends [5].

Specifically in the sugarcane sector, digital
transformation in the sugarcane production system
promotes cost and energy reduction, safety improvement,
error and risk reduction. Ensuring a more agile decision-
making process, the reduction of operational processes,
the anticipation of events and optimization [6].
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The sugar industry is a sector with continuous growth,
which must respond to the growing demand for sugar; to
meet this demand, the cultivation of sugarcane has been
increasing. However, for production to be sustainable,
and without putting natural resources at risk, it is
important to improve the production systems of this
industry so that they respond to the production demand
required in the present and future. In this sense, a model
or guide that serves as an evaluation and roadmap
through which strategic decisions can be made in the
implementation and enablement of industry 4.0 in this
sector would be of great benefit and relevance [7].

The Internet of Things (IoT) has been transforming the
agriculture industry, enabling farmers to meet the
enormous challenge they face. Methods for
implementation with the roadmap defined are
circumstantial, and general principles without distinctive
details can provide visions that allow stakeholders to
develop a better [oT strategy customized to their needs.
Incorporating the technology and successfully
implementing the strategy to increase the quality,
quantity, sustainability and profitability of agricultural
production are the main objectives for those who want to
start integrating the conventional system with IoT
solutions [4].

However, the challenge does not end with adding new
technologies to the sugarcane industry, they will have to
be integrated and interconnected so that they can work
within the paradigm of Industry 4.0, the complete digital
transformation would allow the processing of large
amounts of information; climate data; interconnected
laboratories for analysis and control; connected
instruments, intelligent maintenance and optimization;
Management of industrial agricultural data, all from the
cloud. The interconnectivity of Industry 4.0 in the
sugarcane production system is based on a service-
oriented architecture, all connected in the plant, with
external and internal data stored in an extensive database.
Big Data analytics uses information within a cognitive
system that learns from Al to make the best decisions for
the market, simulated through virtualization [6].

The state of the art of Industry 4.0 in terms of
architecture, benchmarking, evaluation and business
models is extensive in terms of compliance with the
industry in general. In this sense, in architecture models,
it can be identified that they are designed to function as a
reference for IoT technology applied in the industrial
field. Likewise, there are evaluation models that seek to
be a tool for organizations to evaluate the level of
maturity in all dimensions of their business with respect
to Industry 4.0. As for the reference and business models,
they seek to be an implementation guide for companies
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planning to transform their businesses and operations for
Industry 4.0.

These models are aimed for industry in general, but not
for industrial sectors in particular; regarding the agro-
industrial sector, you can find research on enabling
technology and some studies that conceptualize IoT
technology in an agro-industrial environment, and
specifically in the sugar sector, but in a more incipient
way. Thus, developing an evaluation model for the sugar
agro-industrial sector is useful for stakeholders in the
sector who require greater productivity, efficiency and
effectiveness in their operations.

The case study was carried out in the southwest of the
state of Jalisco, where this industry is made up mostly of
small and medium-sized agricultural producers and the
sugar company that is a large company. Regardless of the
size of the organizations involved in the industry, there is
a lot of relevance, and the impact that the Industry 4.0
paradigm has on their productivity [8], however, there are
challenges that must be addressed such as the abundance
of technologies and the effort required to understand and
adopt them, as well as there are financial barriers in
which the investment of acquisition and implementation
can be considerable [9].

The purpose of these research is to provide an instrument
to understand and describe the level of maturity of
Industry 4.0 in the sugar cane production chain, making
an analysis of the technology, processes and knowledge
used from the cultivation of the sugar cane until its
transformation into sugar, and that allows objective
decisions to be made regarding the need and relevance of
updating and/or migration to this technology.

Consequently, a way this work presents the design of an
evaluation model of Industry 4.0 for the sugar
agribusiness, first the methodology is presented which
contemplates the state of the art on the origin and theories
of Industry 4.0 in general and in the sugar industry,
reference models of Industry 4.0, parameters of
productivity, efficiency, competitiveness and
sustainability, as well as the construction of the
evaluation model to end with the results and the
conclusion.

2. Methodology

The methodology is divided into three phases: review of
the state of the art of evaluation models and Industry 4.0,
construction of the evaluation model and a case of study
application.
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For the literature review phase, a systematic literature
search was carried out using keywords such as: Smart
industry, Industry 4.0, Smart Farm, agroindustry 4.0,
sugar cane industry 4.0, Industrial IoT, model reference,
evaluation model. From which the results were filtered
and the research relevant to the research was compiled
and grouped. This review provides a theoretical and
conceptual basis for the construction of the evaluation
model. Additionally, it mentions the grouping and
compiling of relevant information, implying a qualitative
analysis to identify patterns, trends, and relationships in
the reviewed studies.

Based on this literature review, the construction of the
Industry 4.0 evaluation model for the sugar agribusiness
is proposed, primarily drawing from previous works [ 10]
[11], the 2030 agenda and indicators from the Global
Reporting Initiative. The utilization of previous works
and the incorporation of specific indicators from the 2030
agenda and the Global Reporting Initiative are
mentioned, indicating the inclusion of quantitative
measures in the model.

Finally, the third phase applied the model in a case study
located in the El Grullo—Autlan valley. This region
includes a sugar mill and a farmers’ association. The
application aimed to obtain initial results and validate the
model’s effectiveness in assessing Industry 4.0 maturity
in the sugar agroindustry.

2.1. State of the art

The paradigm of industry 4.0 technologies such as IoT,
Big Data, cloud computing and cyber-physical systems,
among others, achieving the connection between the
physical and digital worlds. What is sought with these
technologies is intelligent, automaton and decentralized
manufacturing, improving the customer experience,
business models, not bulwarks of these issues, smart
factories and products and digital integration throughout
the value chain [12], [13], [14].

As far as the sugar sector is concerned, most of the
research focuses on precision agriculture, using for this
purpose; sensors, UVAs and SCADA systems to monitor
and control the growth of sugarcane and the sugar
manufacturing process in the factory. A shortage of
applications in industrial processes can be identified
within sugar factories and there are also opportunities in
areas that show development such as prediction, logistics
and data storage, but all in a fragmented way [11], [15],
[16],[17], [18].

Finally, in this theoretical framework, the issue of
maturity models is considered with respect to their
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design, development and evaluation, since the study to be
carried out contemplates the achievement of a model of
this type. In this way, four works are considered for the
subject; the first three as a framework of reference and
the fourth establishes a methodology for evaluating
maturity models. These works also make a systematic
review of the literature of evaluation models to support
the proposal they make on the design, construction and
evaluation of maturity models.

The application of maturity models is increasing in
quantity and breadth, the concept of maturity models is
frequently criticized, [19] indicates that while research
has already corroborated the design process, there is no
holistic understanding of the principles of form and
function, i.e., the design principles that maturity models
must meet. In view of this, they propose a pragmatic
framework and found on general design principles
justified by the existing literature and grouped according
to the typical purposes of use.

As there is still a significant lack of knowledge on how
to design theoretically sound and widely accepted
maturity assessment models, the typical phases of
developing and applying maturity models are discussed
by adopting a research perspective in design science.
Since both development and implementation are
intimately connected, different decision parameters are
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identified that are relevant with respect to the rigor and
relevance of the maturity assessment model [20].

In a previous work that was considered in the
construction of the two previous works, a methodology
is proposed that describes the main phases of the
development of the generic model. Its use allows me to
make incremental improvements over time [21].

After the review of these three proposals on the design
and construction of maturity models, this section is
concluded in which a template is proposed to evaluate the
constructions and instruments of maturity models
through expert reviewers. This template provides
maturity model builders with a roadmap of issues related
to evaluating maturity models through expert reviewers.
The result of the expert assessment can lead to the
evolution of the maturity model [22].

2.2. Construction of the evaluation model

The evaluation model is based on four dimensions, 10
criteria, 30 indicators, and 67 items (questions). Its
design draws from the systematic review of research and
theories described earlier, including Industry 4.0
technologies for agribusiness and the sugar industry, as

well as reference and evaluation models of Industry 4.0
(Table 1).

Table 1. Documentary base for the model construction

Docul:: ::tary Dimension Criterion Indicators Questions
Technological
Organizational . The 5 indicators of the
[25] . Environment . .
Strategic Environment criterion
Sustainable
[26] Sustainable Environment The 5 mdlcators. of .the 7 q}lestlons f.rorr.l the
Environment criterion Environment indicator
[26] Sustainable Environment The 5 1ndlcators_ of _the 5 Questlons fron_l the
Environment criterion Environment Indicator
Technology
Operations
Products
People . All .mdlcators e.xcctpt All questions except those in
[11] Leadership Environment criterion . N
.. the Environment criterion
Strategy indicators
Customer
Culture
Governance
All questions in the
[10] Technology, Operations, and
Products indicators
All questions in the
[23] Technology, Operations, and
Products indicators
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The foundational works include:

Observations of technology 4.0 for agribusiness in
general and a reference model of this technology

[11].

Cyber-physical systems in field and factory
processes within the sugar industry [23].

An Industry 4.0 evaluation model tailored to the
sugar sector in terms of dimensions and items [10].

Indicators articulated with key parameters
(productivity, efficiency, competitiveness, and
sustainability) from the UN Agenda for Sustainable
Development, along with selected objectives and
indicators aligned with those of CONADESUCA,
which will support the evaluation model to be
developed [24], [25].
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» The Global Reporting Initiative's indicators, which
are a tool for companies to establish and measure
sustainability criteria [26].

The structure of the model is an evaluation of the
maturity of the organization with respect to Industry 4.0
and is made, ranging from the specific to the general,
starting with the dimensions, the criteria and even the
indicators, this through the answer to the questions that
depend on each indicator (Table 2).

Of the total of 67 questions, 19 are to be applied among
the personnel of the agricultural sector and 24 for the
personnel of the sugar mill, the remaining 24 questions
to be applied equally to the 2 sectors.

Table 2. Industry 4.0 maturity model structure

Dimension Criterion Indicators
= Existence of modern ICTs.
Technology = Use of mobile devices.
= Use of machine-to-machine communication.
Technological = Decentralization of processes
. = Modeling & Simulation
Operations R
= Interdisciplinarity
= Interdepartmental collaboration
Products = Product Digitalization
= Integration of the product into another system
Organizational People = Competence of workers in ICT
= Opening up workers to new technologies
=  Workers' autonomy
Leadership = Management Commitment
= Competencies and techniques for management
= Central Coordination in the implementation of 14.0
Strategic Strategy = ]4.0 Roadmap Implementation
Resources available for realization
Adaptation to the business model
Customer Digitalization of sales and service
Culture Knowledge Sharing
Open collaboration and innovation between organizations
Creating ICT value in the organization
Environment Proportion of agricultural area under productive and sustainable agriculture
Percentage of renewable energy in total final energy consumption
Sustainable Water & Tributaries Water Extraction, Tributaries & Consumption
Discharge of water according to its quality and destination
GHG emissions
Governance | @ Labor Regulations for 14.0
e Suitability of technological standards
e Intellectual Property Protection
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The exclusive questions are determined based on the
nature of each sector, and by combining all the items of
the Industry 4.0 evaluation model for the sugar
agroindustry (IEMSA), it will be possible to have a
holistic evaluation of the entire sector, while considering
the particularities of each organization. The questions are
under a qualitative approach; however, the answers are
organized on a Likert scale that goes from low maturity
to high maturity, thus being able to count the results. An
example of the technical sheet of the questionnaire
question is presented in Table 3.

The questionnaire addresses individual indicators, which
collectively inform the evaluation of criteria. These
criteria, in turn, contribute to assessing the dimensions of
organizational maturity in Industry 4.0:

L Technological capacity: it is the capacity of the
organization to use ICT, mobile devices, machine-
machine communication, to be able to apply process
decentralization, modeling and simulation,
interdisciplinarity and interdepartmental collaboration.

II.  Organizational capacity: it is the ability of the
organization to be able to individualize and digitize
products, as well as integrate them into other systems,
where employees are competent in the use of ICTs and
are open to new technology, and the organization also has
employee autonomy.

III.  Strategic capacity: it is the ability of the
organization to have the will of leadership in the
management, coordination of competencies and methods
in 14.0, to be able to develop an 14.0 implementation
route, with availability of resources for the adaptation of
the business model, in that sense, they can offer the
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consumer the use of digitized data. At the same time,
they have competence in the handling of this technology.

IV. Sustainable capacity: it is the ability of the
organization to collaborate between companies to
exchange knowledge and innovation, integrating social,
environmental and economic capital, satisfying the needs
of customers/consumers and stakeholders, without
compromising the needs of future generations, to comply
with the regulations and standards of 14.0.

The model underwent expert review to validate its
structure. Feedback was obtained from the base model
author, an agribusiness expert, and a sustainability
researcher. This ensured that the model incorporated
comprehensive insights from various domains relevant to
Industry 4.0.

2.3. Model application

The application of the [IEMSA model took place in the El
Grullo valley, located in the southeast of the state of
Jalisco, Mexico. This area encompasses over ten
thousand hectares of sugarcane cultivation. The model
serves as an evaluation tool for both the agricultural and
factory components of the sugar agroindustry. It was
implemented  within  two  organizations: the
Confederacion Nacional de Propietarios Rurales (CNPR)
El Grullo farmers' association and the Melchor Ocampo
Sugar Mill (IMO). Although the results of two
representative individuals per group are presented in this
work, the total sample allowed us to obtain a broader
view of the level of maturity in Industry 4.0.

In addition to the evaluation model, a post-test was
designed to assess whether the model helped identify the
organization's Industry 4.0 capabilities.

Table 3. Evaluation criteria and indicators Data Sheet

Indicator: Wireless and Mobile Technologies in Field

Definition: Degree of implementation of wireless and mobile technologies such as: GPRS, 3G, 4G,
5G, NB-IoT, Bluetooth, RDFI, Sigfox, ZigBee, LoRA or NFC in the agricultural
production process

Dimension: Criterion: Indicator: Sector:

Technological Capacity Technology Use of mobile devices Field

Methodology:

The personnel responsible for information technologies gives a qualitative weighting
based on the level of implementation of wireless and mobile technologies such as: GPRS,
3G, 4G, 5G, NB-IoT, Bluetooth, RDFI, Sigfox, ZigBee, LoORA or NFC in the agricultural
production process, with values of 1. Not implemented to 5. Fully implemented
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Two groups were defined for the study: an experimental
group and a control group. In the experimental group,
two participants answered the IEMSA questionnaire
followed by the post-test, while the control group
answered only the post-test. The sample was a directed
sample of experts because the participants needed
technical knowledge to answer the questions.
Additionally, as this was a case study, the available
universe was smaller, consisting only of personnel from
that organization.

The application of the instrument was the same for both
the farmers' association and the sugar mill, where first the
2 people belonging to the experimental group answered
the IEMSA questionnaire, and based on the answers they
were given their results of the evaluation model where,
once reviewed, they proceeded to answer the post-test.

Likewise, the other 2 people in the control group
proceeded to answer only the post-test, this in order to
see if indeed having done the self-assessment with the
IEMSA made a favorable difference in the sense of
whether those in the experimental group who answered
the IEMSA had greater knowledge of the level of
maturity of industry 4.0 in their organization against the
people in the control group who did not answer the
questionnaire of the IEMSA.

The above can be observed in the results of the answers
of the two groups (experimental and control) Table 4
where the measures of central tendency are higher in the
experimental group than in the control group, where the
answers of the questioner are in Likert school ranging
from 1 which is a low range of maturity to 5 which means
a high degree of maturity

Table 4. Comparison of the control and experimental

groups
Central tendency measures
Control Experimental
Mean 2.96 4.07
Median 3.0 4.0
Mode 3.0 4.0

For the discussion on the validity of the results obtained
through the application of the model in the case study, the
Mann-Whitney U test has been used. The Mann-Whitney
U test is a non-parametric test that is used to compare two
independent groups when the variables do not follow a
normal distribution, as is in this case in this questionnaire
on the Likert scale.
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3. Results and discussion

From the integration of the above information, the
current Industry 4.0 evaluation model for the sugar
agribusiness is obtained (Figure 1), which contains four
dimensions: 10 criteria, 30 indicators and 67 questions of
the questionnaire. The questionnaire is the data collection
instrument that contains closed-ended questions of a non-
numerical nominal type, to measure the indicators of the
organization's capabilities with respect to Industry 4.0.

The results allow for an analysis that progresses from
specific to general. At the most detailed level, individual
items enable a focused evaluation of each indicator.
Grouping these indicators by criteria provides insights
into specific areas, while grouping the criteria by
dimensions offers a comprehensive view of the
organization's Industry 4.0 maturity.

The questionnaire is designed for technical and
managerial staff with basic knowledge of ICT.
Respondents answer the questions on a Likert scale,
which ranges from low to high maturity. While the results
are quantitative, the responses are based on the
respondents' qualitative perceptions, aligning with a post-
positivist research paradigm.

The application of the instrument enables organizations
to assess their Industry 4.0 capabilities comprehensively,
helping stakeholders understand specific areas of
strength and those needing improvement.

The results obtained from the use of the IEMSA model
are presented for two individuals from the CNPR
farmers' association and two from the IMO sugar mill.
Radial graphs were generated for each dimension,
criterion and indicator, individually for each person who
answered the questionnaire. This document presents the
radial graphs of the IEMSA dimensions for the CNPR
and the IMO to allow us to see the general panorama of
the organizations.

3.1. CNPR Farmers' Association

For the two individuals assessed at the CNPR farmers'
association, the maturity levels across the four
dimensions ranged from 1.2 to 3.1, reflecting very low to
low maturity regarding Industry 4.0, in Figure 2 it can be
seen in the media of the responses of the two participants.

Central tendency measures show mean response values
of 2.2 and 1.7 for the first and second respondents,
respectively, with medians and modes of 2 and 1 in both
cases (Table 5).
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INDICATORS
CRITERION
DIMENSION

Governance

Technological
Capability

IEMSA

Customer

Organizational
Capability

Strategic

Capability Products

1 | Existence of modern ICTs 1 Opening up workers to new 1 Open .coll.aboratlon and innovation between
technologies organizations
2 | Use of mobile devices 12 | Workers' autonomy 22 | Creating ICT value in the organization
3 Use of mach}ne-to-mach1ne 5 | e ot 3 Proporthn of agrlcgltural area under productive
communication and sustainable agriculture
4 | Bzsemimtztn o seemss 14 Competencies and techniques for 24 Percentage of ren.ewable energy in total final
management energy consumption
5 || et 2 S 15 _Central Coor_dmatlon in the 25 Water & Trll_)utarles Water Extraction, Tributaries
implementation of 14.0 & Consumption
6 | Interdisciplinarity 16 | 14.0 Roadmap Implementation 26 Dlsc.harge i vl el o 19 Cuelily e
destination
7 | Interdepartmental collaboration 17 | Resources available for realization | 27 | GHG emissions
8 | Product Digitalization 18 | Adaptation to the business model 28 | Labor Regulations for 4.0
9 it e Tl 19 | Digitalization of sales and service 29 | Suitability of technological standards
another system
10 | Competence of workers in ICT 20 | Knowledge Sharing 30 | Intellectual Property Protection

Figure 1. Industry 4.0 evaluation model for the sugar agroindustry.

3.2.  Sugar Mill

Table 5. IEMSA CNPR Central tendency measures

In the sugar mill, maturity levels ranged from 3 to 4 on a
1-5 scale, indicating better results compared to the
CNPR farmers' association (Figure 3). Mean values were
3.3 and 3.5, with medians of 3 and 4 for the first and
second respondents, respectively (Table 6).

3.3. Post-test Analysis

The post-test allowed people who used the IEMSA with
those who did not, to compare how much the use of it
allows for a greater knowledge of the degree of maturity
of the organization with respect to Industry 4.0.

Answers | Answers
CNPR1 | CNPR2
Valid 43 43

N
Lost 0 0
Mean 2.2791 1.7209
Median 2.0000( 2.0000
Mode 1.00 1.00
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Table 6. IEMSA IMO Central tendency measures

Technological Capacity
5.0

4.0
3.0
2.0 11

Sustainable capacity 3-9- 120 2.2

21

Strategic capacity

Figure 2. CNPR Dimension results.

Technological Capacity

==

U
AL

Organizational capacity

5.0

4.0 313

3.0

2.0

. . Organizational
Sustainable capacity <—3.5 1.0 3.7 .
capacity

3.7

Strategic capacity
Figure 3. IMO Dimension results.

control respondents.
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experimental respondents, and IMO3 and IMO4 are

Answers Answers
IMO1 IMO2
N Valid 48 48
Lost 0 0
Mean 3.3125 3.5417
Median 3.0000 4.0000
Mode 4.00 4.00

This section presents post-test results for two individuals
in the control group and two in the experimental group
from both the CNPR farmers' association and the sugar
mill. CNPR1 and CNPR2 represent the experimental
group (who completed the [IEMSA model), while CNPR3
and CNPR4 represent the control group (who only
completed the post-test). Similarly, IMO1 and IMO?2 are

Survey results reveal that experimental group
respondents demonstrated greater knowledge of their
organization’s Industry 4.0 maturity level. This is
supported by higher average scores in experimental
groups compared to control groups (Table 7).

The analysis highlights the results show significant
differences between the experimental and control groups,
confirming that the use of the IEMSA model enhances
understanding of Industry 4.0 maturity levels.
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Table 7. Measures of central tendency, control and
experimental groups

T | 3 3

e = ~— =

e o = 9

& E &E S SE

Z £ ZE o =

OO0 g o —2

=] = =

= — =
N Valid 28 28 28 28
Lost 0 0 0 0
Mean 3.5714| 4.3929|2.3571 3.7500
Median 4.0000| 4.0000 | 2.0000 4.0000
Mode 4.00 4.00 2.00 4.00

3.4. Validation

First, to verify that the results do not follow a normal
distribution, the Kolmogorov-Smirnov and Shapiro-
Wilkse normality tests were used in addition to a
histogram. In the Kolmogorov-Smirnov test, the p-value
(0.000) is lower than the significance level (0.05),
indicating that the distribution of the variable is
significantly different from normal.

With the Shapiro-Wilk test, the p-value (0.000) is also
lower than the significance level, confirming the non-
normality of the curve (Table 8). The histogram (Figure
4) shows the distribution of Industry 4.0 maturity level
among the study participants, the variable on the x-axis
represents the maturity level according to the Likert scale
used in the questionnaire. The results indicate that most
of the data are concentrated on the left side of the
distribution, while the tail of the distribution extends to
the right, which shows that the distribution is not
symmetrical.

Table 8. Normality tests

Kolmogorov-
Smirnov*
Statistic | df | Sig. | Statistic | df | Sig.
| Maturity 269 112.000 .862| 112].000

a. lilliefors correction of significance

Shapiro-Wilk

The results of the Mann-Whitney U test indicate that
there is a statistically significant difference in the variable
"Maturity" (which indicates knowledge of the degree of
maturity of their organization with respect to Industry
4.0) between the two groups; experimental (users of the
IEMSA model) compared to the control model (non-
users of the IEMSA model).
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Figure 4. Histogram of maturity degree in Industry 4.0
for the sugar agroindustry.

Table 9 shows that Mann-Whitney U value is (544.000)
and indicates there is a significant difference in the
distribution of the ranges of the variable "Maturity"
between the two groups. The value (2140.000) of
Wilcoxon's W also indicates a significant difference
between the groups. The low Z value (-6.324) indicates a
very significant difference. Significance is (0.000) which
indicates little probability of obtaining such a large or
greater difference by chance.

Table 9. Mann-Whitney U.

Test Statistics® Maturity
Mann-Whitney U 544.000
Wilcoxon W 2140.000
Z -6.324
Asymptotic Sig. (two-tailed) .000

a. Grouping variable: 1-Experimental. 2-Control

4. Conclusions

This research addresses a gap in the maturity models of
Industry 4.0 by introducing a specialized model tailored
to the sugar agroindustry. The gradual adoption of
Industry 4.0 across all productive areas, including the
sugarcane sector, necessitates tools that can evaluate and
guide its implementation. The proposed model
incorporates four dimensions—technological,
organizational, strategic, and sustainable capacities—
that provide an integrative framework for assessing
Industry 4.0 maturity in this sector.

In addition to the four dimensions, the model includes 10
criteria, 30 indicators, and 67 questions. These
components enable organizations to conduct self-
assessments that range from general evaluations to
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detailed analyses within each dimension, criterion, and
indicator. By addressing both agricultural and industrial
areas, the model helps stakeholders assess their readiness
for Industry 4.0 and make informed decisions.

The use of the Industry 4.0 evaluation model of the sugar
agribusiness by stakeholders favors an identification of
their technological, organizational, strategic and
sustainable capacities in Industry 4.0, compared to those
who do not use it, as demonstrated by the people in the
group who previously used IEMSA, who show a greater
identification of technological capabilities. This can be
seen by looking at the central tendency measures of the
responses in the post-test and especially the Mann-
Whitney U test.

From the answers to the post-test questionnaire, a mean
of the experimental group of more than one point above
the control group in the answers (Likert scale from 1 to
5) was observed. The results of the Mann-Whitney test
indicate that there is a significant difference in the
identification of capabilities between users of the model
and non-users.

Among the findings in the application of the IEMSA it
can be highlighted that the sugar mill has considerably
developed his technological, organizational, strategic and
sustainable capacities compared to the CNPR farmers'
association.

Despite its strengths, the model's applicability may be
influenced by the specific characteristics of individual
organizations. The research is within the post-positivist
framework, in which the instruments designed are
quantitative, but with a qualitative approach, since the
answers are tied to the criteria of the respondents, which
can lead to limitations if the answer is not conscientiously
answered and relying on experts when the answer is not
known.

The IEMSA is applied in the context of small and
medium-sized producers in the field part, so its use in
places where there are large estates may not be
generalizable, however, the nature and design of the
instrument does not contemplate these limitations, so
there is an opportunity to take this instrument and apply
it in the context of large producers.

Although it is designed to be flexible enough for various
sugar mills and agricultural organizations, adjustments
may be needed for entities with unique features.
Furthermore, the rapid evolution of technology and
practices in the industry might require periodic updates
to maintain the model's relevance. Another potential
limitation lies in the process of completing the
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questionnaire; the validity of the results depends on the
respondents' understanding of the subject and the honesty
of their answers.

The model can be applied by individual production units
for self-assessment or used across multiple organizations
to gain insight into maturity levels at regional, state, or
national scales. Additionally, it can serve as a foundation
for future research aimed at adapting the model to other
agro-industries or specific sectors. The model may also
inspire the development of technological tools to address
underdeveloped or unexplored areas within the sector.

Funding and acknowledgments

Not applicable.

Autor Contributions

J. Michel-Horta: Conceptualization, Formal Analysis,
Research, Methodology, Validation, Writing-original
draft within the framework of the Results of his Doctoral
Thesis. L.M. Giraud-Herrera: Conceptualization, Formal
Analysis, Revision, Editing and Supervision as tutor and

research advisor.

All authors have read and agreed to the published version
of the manuscript.

Conflicts of Interest

The authors declare no conflict of interest.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

The principal author has the informed consent statements
signed by the key informants of the research. Statement
endorsed by the Ethical Review Committee of the
Universidad Internacional Iberoamericana.

References

[1] M. Xu, J. M. David, y S. H. Kim, “The Fourth
Industrial Revolution: Opportunities and Challenges”,

Int. J. Financ. Res., vol. 9, n.° 2, p. 90, feb. 2018, doi:
https://doi.org/10.5430/ijfr.vOn2p90


https://doi.org/10.5430/ijfr.v9n2p90

28

[2] Y.Liu, X. Ma, L. Shu, G. P. Hancke, y A. M. Abu-
Mahfouz, “From Industry 4.0 to Agriculture 4.0: Current
Status, Enabling Technologies, and Research
Challenges”, IEEE Trans. Ind. Inform., vol. 17,1n.° 6, pp.
4322-4334, jun. 2021, doi:
https://doi.org/10.1109/T11.2020.3003910

[31 L. B. Furstenau eral, “Link Between
Sustainability and Industry 4.0: Trends, Challenges and
New Perspectives”, IEEE Access, vol. 8, pp. 140079-
140096, 2020, doi:
https://doi.org/10.1109/ACCESS.2020.3012812

[4] E. Y. T. Adesta, D. Agusman, A. Avicenna,
“Internet of Things (IoT) in Agriculture Industries”,
Indones. J. Electr. Eng. Inform. IJEEI, vol. 5, n.° 4, Art.
n.° 4, dic. 2017, doi:
https://doi.org/10.52549/ijeei.v5i14.373

[5] 1. Aleksandrov, V. Daroshka, A. Isakov, I.
Chekhovskikh, E. Ol, E. Borisova, “Agriculture sphere
in the era of Industry 4.0: the world experience and
Russian practice of the digital business model building in
the agroindustry”, E3S Web Conf-, vol. 258, p. 06058,
2021, doi:
https://doi.org/10.1051/e3sconf/202125806058

[6] L.O. Cezarino, B. G. De Oliveira, L. B. Liboni, L.
C. Stocco, G. J. F. De Araujo, “Embedding smart
technologies in  developing countries:  digital
agrotechnology in the sugarcane ethanol and bioenergy
production system”, In Review, preprint, 2023. doi:
https://doi.org/10.21203/rs.3.rs-3126098/v1

[7] “Global Market Report: Sugar cane prices and
sustainability”, International Institute for Sustainable
Development. [En linea]. Disponible en:
https://www.iisd.org/publications/report/2023-global-
market-report-sugar-cane

[8] M. Sony, J. Antony, O. Mc Dermott, J. A. Garza-
Reyes, “An empirical examination of benefits,
challenges, and critical success factors of industry 4.0 in
manufacturing and service sector”, Technol. Soc., vol.
67, p- 101754, 2021, doi:
https://doi.org/10.1016/j.techsoc.2021.101754

[91] T. Masood, P. Sonntag, “Industry 4.0: Adoption
challenges and benefits for SMEs”, Comput. Ind., vol.
121, p- 103261, 2020, doi:
https://doi.org/10.1016/j.compind.2020.103261

F J. Michel-Horta, L. Mayrim Giraud-Herrera

[10] A. Schumacher, S. Erol, W. Sihn, “A Maturity
Model for Assessing Industry 4.0 Readiness and
Maturity of Manufacturing Enterprises”, Procedia CIRP,
vol. 52, pp. 161-166, 2016, doi:
https://doi.org/10.1016/j.procir.2016.07.040

[11] J. M. Talavera et al., “Review of IoT applications
in agro-industrial and environmental fields”, Comput.
Electron. Agric., vol. 142, pp. 283-297, 2017, doi:
https://doi.org/10.1016/j.compag.2017.09.015

[12] S. S. Kamble, A. Gunasekaran, S. A. Gawankar,
“Sustainable Industry 4.0 framework: A systematic
literature review identifying the current trends and future
perspectives”, Process Saf. Environ. Prot., vol. 117, pp.
408-425, 2018, doi:
https://doi.org/10.1016/j.psep.2018.05.009

[13] A. Rojko, “Industry 4.0 Concept: Background and
Overview”, Int. J. Interact. Mob. Technol. IJIM, vol. 11,
n.° 5, p- 77, 2017, doi:
https://doi.org/10.3991/ijim.v11i5.7072

[14] A. C. Pereira, F. Romero, “A review of the
meanings and the implications of the Industry 4.0
concept”, Procedia Manuf., vol. 13, pp. 1206-1214,
2017, doi: https://doi.org/10.1016/j.promfg.2017.09.032

[15] Y. Everingham, J. Sexton, D. Skocaj, G. Inman-
Bamber, “Accurate prediction of sugarcane yield using a
random forest algorithm”, Agron. Sustain. Dev., vol. 36,
n.° 2, p. 27, 2016, doi: https://doi.org/10.1007/s13593-
016-0364-z

[16] S. Kumar, S. Mishra, P. Khanna, Pragya,
“Precision  Sugarcane Monitoring Using SVM
Classifier”, Procedia Comput. Sci., vol. 122, pp. 881-
887, 2017, doi:
https://doi.org/10.1016/j.procs.2017.11.450

[17] B. Singh, L. Mathew, S. Patel, “Design and
Implementation of Smart SCADA in Sugar Mill using
LabVIEW,” European Journal of Advances in
Engineering and Technology, 1 vol. 2, no. 10, pp. 61-65,
2015.

[18] H. G. Mawandha, R. Rahutomo, T. Suparyanto, B.
Pardamean, “Mobile Application Implementation as
Agriculture 4.0 Strategy for Sugarcane Yield
Prediction”, en 2023 9th International HCI and UX
Conference in Indonesia (CHIuXiD), 2023, pp. 23-27,
doi:

https://doi.org/10.1109/CHIuXiD59550.2023.10477167


https://doi.org/10.1109/TII.2020.3003910
https://doi.org/10.1109/ACCESS.2020.3012812
https://doi.org/10.52549/ijeei.v5i4.373
https://doi.org/10.1051/e3sconf/202125806058
https://doi.org/10.21203/rs.3.rs-3126098/v1
https://www.iisd.org/publications/report/2023-global-market-report-sugar-cane
https://www.iisd.org/publications/report/2023-global-market-report-sugar-cane
https://doi.org/10.1016/j.techsoc.2021.101754
https://doi.org/10.1016/j.compind.2020.103261
https://doi.org/10.1016/j.procir.2016.07.040
https://doi.org/10.1016/j.compag.2017.09.015
https://doi.org/10.1016/j.psep.2018.05.009
https://doi.org/10.3991/ijim.v11i5.7072
https://doi.org/10.1016/j.promfg.2017.09.032
https://doi.org/10.1007/s13593-016-0364-z
https://doi.org/10.1007/s13593-016-0364-z
https://doi.org/10.1016/j.procs.2017.11.450
https://doi.org/10.1109/CHIuXiD59550.2023.10477167

Industry 4.0 evaluation model for the sugar agroindustry

[19] PoppelbuBl, Jens Roglinger, Maximilian, “What
makes a useful maturity model? a framework of general
design principles for maturity models and its
demonstration in business process management”, ECIS
2011 Proceedings, 28, 2011. [En linea]. Disponible en:
https://aisel.aisnet.org/ecis2011/28

[20] T. Mettler, “Maturity Assessment Models: A
Design Science Research Approach”, Int. J. Soc. Syst.
Sci., vol. 1/2, pp- 81-98, 2011, doi:
https://doi.org/10.1109/10.1504/1JSSS.2011.038934

[21] T.de Bruin, R. Freeze, U. Kulkarni, M. Rosemann,
“Understanding the Main Phases of Developing a
Maturity Assessment Model”, ACIS 2005 Proceedings,
2005, En linea]. Disponible en:
https://aisel.aisnet.org/acis2005/109

[22] D. Salah, R. Cairns, An Evaluation Template for
Expert Review of Maturity Models. 2014. doi:
https://doi.org/10.1007/978-3-319-13835-0 31

[23] D. Yagyasen, M. Darbari, H. Ahmed,
“Transforming Non-living to Living: A Case on
Changing Business Environment”, IERI Procedia, vol. 5,
pp. 87-94, 2013, doi:
https://doi.org/10.1016/j.1er1.2013.11.075

[24] C.N.parael D.S. delaC. de Azlcar, “DIEPROC
- Informes Estadisticos del Sector Agroindustrial de la
Cana de Azicar en México”, gob.mx. [En linea].
Disponible en:
http://www.gob.mx/conadesuca/documentos/dieproc-
informes-estadisticos-del-sector-agroindustrial-de-la-
cana-de-azucar-en-mexico

[25] “Comité Nacional para el Desarrollo Sustentable
de la Cafia de Azicar | Gobierno | gob.mx”. Accedido: 21
de noviembre de 2024. [En linea]. Disponible en:
https://www.gob.mx/conadesuca/

[26] “GRI - Home”. Accedido: 21 de noviembre de
2024. [En linea]. Disponible en:
https://www.globalreporting.org

==

U
AL

Revista UIS
Ingenierias


https://aisel.aisnet.org/ecis2011/28
https://doi.org/10.1109/10.1504/IJSSS.2011.038934
https://aisel.aisnet.org/acis2005/109
https://doi.org/10.1007/978-3-319-13835-0_31
https://doi.org/10.1016/j.ieri.2013.11.075
http://www.gob.mx/conadesuca/documentos/dieproc-informes-estadisticos-del-sector-agroindustrial-de-la-cana-de-azucar-en-mexico
http://www.gob.mx/conadesuca/documentos/dieproc-informes-estadisticos-del-sector-agroindustrial-de-la-cana-de-azucar-en-mexico
http://www.gob.mx/conadesuca/documentos/dieproc-informes-estadisticos-del-sector-agroindustrial-de-la-cana-de-azucar-en-mexico
https://www.gob.mx/conadesuca/
https://www.globalreporting.org/

