
 ISSN Online: 2145 - 8456 

This work is licensed under a Creative Commons Attribution-NoDerivatives 4.0 License. CC BY-ND 4.0 

How to cite: J. Michel-Horta, L. M. Giraud-Herrera, “Industry 4.0 evaluation model for the sugar agroindustry,” Rev. 

UIS Ing., vol. 24, no. 2, pp. 17-30, 2025, doi: https://doi.org/10.18273/revuin.v24n2-2025002 

Vol. 24, n.°2, pp.17-30, 2025

Revista UIS Ingenierías 

https://revistas.uis.edu.co/index.php/revistauisingenierias

Industry 4.0 evaluation model for the sugar 
agroindustry 

Modelo de evaluación de Industria 4.0 para la 
agroindustria azucarera 

Jonás Michel-Horta 1, Loraine Mayrim Giraud-Herrera 2 

1 Grupo de investigación Tecnología para el Hábitat y el Desarrollo Sustentable e Inteligente (THDSI), Universidad 

Internacional Iberoamericana – UNINI, México. Orcid: 0000-0003-0563-040X.   Email: 

jonas.michel@elgrullo.tecmm.edu.mx  
2 Grupo de investigación Vida Urbana y Ambiente, Departamento de Planificación Urbana, Universidad Simón 

Bolívar, Venezuela. Orcid: 0000-0002-1801-59782. Email: lgiraud@usb.ve  

Received: 25 January 2025. Accepted: 25 April 2025. Final version: 16 May 2025. 

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 excepción, sin embargo, aún existen brechas que acortar. En este trabajo se presenta un modelo de evaluación de 

madurez de industria 4.0 para el sector azucarero, que si bien existen varios modelos de evaluación de este tipo no hay 

uno enfocado para este tipo de industria. La metodología consta de 3 etapas: la revisión de literatura existente para 

fundamentar la construcción del modelo, seguida por la elaboración y estructuración del modelo de evaluación de 

Industria 4.0 para el sector azucarero, con consideraciones específicas para las áreas de aplicación, y culmina con la 

aplicación del modelo en un estudio de caso. Finalmente, en este trabajo se presenta el diseño y aplicación de un 

modelo de evaluación de madurez de Industria 4.0 para el sector azucarero. 

Palabras clave: Digitalización; Manufactura inteligente; Medición; Industria agrícola; Industria de alimentos; 

Transformación digital; Industria 4.0; Agroindustria; Modelo de madurez; Sector azucarero. 

1. Introduction

In today's world, the productivity of companies is 

strongly driven by technological developments occurring 

in various operational areas of organizations. These 

advancements are propelling companies towards the 

digitalization of their physical world, marking a 

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 I4.0 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]. 

 

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 IoT 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 AI 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.  

 

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–Autlán 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 

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 
 

Documentary 

base 
Dimension Criterion Indicators Questions 

[25] 

Technological 

Organizational 

Strategic 

Sustainable 

Environment 
The 5 indicators of the 

Environment criterion 
 

[26] Sustainable Environment 
The 5 indicators of the 

Environment criterion 

7 questions from the 

Environment indicator 

[26] Sustainable Environment 
The 5 indicators of the 

Environment criterion 

5 Questions from the 

Environment Indicator 

[11]  

Technology 

Operations 

Products 

People 

Leadership 

Strategy 

Customer 

Culture 

Governance 

All indicators except 

Environment criterion 

indicators 

All questions except those in 

the Environment criterion 

[10]    

All questions in the 

Technology, Operations, and 

Products indicators 

[23]    

All questions in the 

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]. 

 

• 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 

Technological 

Technology 

▪ Existence of modern ICTs. 

▪ Use of mobile devices. 

▪ Use of machine-to-machine communication. 

Operations 

▪ Decentralization of processes 

▪ Modeling & Simulation 

▪ Interdisciplinarity 

▪ Interdepartmental collaboration 

Organizational 

Products ▪ Product Digitalization 

▪ Integration of the product into another system 

People ▪ Competence of workers in ICT 

▪ Opening up workers to new technologies 

▪ Workers' autonomy 

Strategic 

Leadership ▪ Management Commitment 

▪ Competencies and techniques for management 

▪ Central Coordination in the implementation of I4.0 

Strategy ▪ I4.0 Roadmap Implementation 

▪ Resources available for realization 

▪ Adaptation to the business model 

Customer ▪ Digitalization of sales and service 

Sustainable 

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 

▪ Water & Tributaries Water Extraction, Tributaries & Consumption 

▪ Discharge of water according to its quality and destination 

▪ GHG emissions 

Governance ● Labor Regulations for I4.0 

● Suitability of technological standards 

● 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: 

 

I. 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 I4.0, to be able to develop an I4.0 implementation 

route, with availability of resources for the adaptation of 

the business model, in that sense, they can offer the 

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 I4.0. 

 

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 

Confederación 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, LoRA 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. 

 

 

 

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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3.2.  Sugar Mill 

 

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.  

 

Table 5. IEMSA CNPR Central tendency measures 

 

 

Answers  

CNPR1 

Answers  

CNPR2 

N 
Valid 43 43 

Lost 0 0 

Mean 2.2791 1.7209 

Median 2.0000 2.0000 

Mode 1.00 1.00 

 

 

 

 
 

1 Existence of modern ICTs 11 
Opening up workers to new 

technologies 
21 

Open collaboration and innovation between 

organizations 

2 Use of mobile devices 12 Workers' autonomy 22 Creating ICT value in the organization 

3 
Use of machine-to-machine 
communication 

13 Management Commitment 23 
Proportion of agricultural area under productive 
and sustainable agriculture 

4 Decentralization of processes 14 
Competencies and techniques for 

management 
24 

Percentage of renewable energy in total final 

energy consumption 

5 Modeling & Simulation 15 
Central Coordination in the 
implementation of I4.0 

25 
Water & Tributaries Water Extraction, Tributaries 
& Consumption 

6 Interdisciplinarity 16 I 4.0 Roadmap Implementation 26 
Discharge of water according to its quality and 

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 I4.0 

9 
Integration of the product into 

another system 
19 Digitalization of sales and service 29 Suitability of technological standards 

10 Competence of workers in ICT 20 Knowledge Sharing 30 Intellectual Property Protection 
 

Figure 1. Industry 4.0 evaluation model for the sugar agroindustry. 
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Table 6. IEMSA IMO Central tendency measures  

 

 

Answers 

 IMO1 

Answers 

 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 IMO2 are 

experimental respondents, and IMO3 and IMO4 are 

control respondents. 

 

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. 

 

 

 

           
Figure 2. CNPR Dimension results. 

 

 
Figure 3. IMO Dimension results. 
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Table 7. Measures of central tendency, control and 

experimental groups 
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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-

Smirnova 
Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Maturity .269 112 .000 .862 112 .000 

a. lilliefors correction of significance 

 

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).  

 

 
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 Statisticsa 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 

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. 
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