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Abstract
Industrial and technological growth, sponsored by the new organizational systems generated by the fourth industrial

revolution, require adapt new business management ways in the companies. Within the organizational and business area we

can conceive all activities as an operations set that are linked to computer systems and information management in the

network, achieving more efficiency in the flow, in addition, this new industry perception and businesses includes different

analytical tools which are useful to support the customer service efficiency improvement. The research objective is to

propose and validate a methodological tool, for evaluating the technological and operational criteria within companies and

place them in the right level for a transfer to the new industrial revolution, considering as well the vertical and horizontal

systems in Industry 4.0.
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1 Introduction

Industry 4.0 has been increasing with high expectations, as

the current IT infrastructure enables the industry to adopt it

quickly and efficiently. The challenge will be to find

human talent with the capacity to develop analytical

algorithms to develop self-learning intelligence, taking

advantage the current infrastructure. In addition, the tech-

nology future is conditioned to the scientific areas creation,

being an obstacle to the emerging technology adoption

without them.

The technological advances are currently used in man-

ufacturing has Industry 4.0. However, the entire present

production process will be transformed in this new tech-

nological model. For instance, independent manufacturing

cells will be unified as a fully integrated production flow;

‘‘Intelligent’’ machines and products will have the possi-

bility to communicate with each other and some decisions

will be made autonomously. A new man-machine rela-

tionship will replace the classic relationships among sup-

pliers, companies, and customers.

In a market where economic opening is a decisive

guideline that causes higher demands, causing all compa-

nies to work in continuous improvement scheme and high

productivity in processes and management, it is necessary

to apply new techniques that allow the value generation

and gives market stability.

Technological advance in production systems requires

corporations with agile operational processes and efficient

information management, to create an organizational syn-

ergy and provides competitive advantages within produc-

tion system and value chain.
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Divergences in the management have been issued,

impacting essentially the operation of enterprises working

on an Industry 4.0 mindset; generating a gap for those

which are not under this criteria, showing the fast trans-

formation and achievements obtained from the companies

which adopted their processes to the new system.

Systems integration is the first step towards an Industry

4.0 vision and achieving its goals [1]. The systems are

analyzed as a whole, considering the productive flow.

Structural changes are proposed in the organization and

management of physical objects, and connections estab-

lishment with information systems [2, 3]; vertical flow

refers to company activities development and execution,

including basic elements such as: the organizational

structure, human factor, departments relationships, tech-

nological and management level. In a complementary way,

the horizontal flow includes external relations, establishes

supplier and customer networks integration, information

and management systems and others [4–6].

This study consists in evaluation tool creation and

structure, with the criteria obtained in the first phase and

are completed with reliability and validity studies. The

evaluation tool will result in current vertical and horizontal

level company integration. This will allow identifying gaps

and opportunities to develop other blocks considered in

Industry 4.0 [7].

2 Background

The research was carried out through the qualitative con-

tent analysis, in which scientific articles, theses, and con-

ference reports were collected and analyzed. Several

specialized journals related to the technological advances

of I 4.0 and the business management were also consid-

ered. The systematic evaluation methodology to propose

was based on decisive criteria obtained from the first phase,

decisive criteria were obtained to propose a systematic

evaluation methodology. In addition, knowledge and

technological gaps were obtained, as well as areas of

opportunity. The complete study can be consulted in a

publication dedicated exclusively to this review [8] the

most important results are presented:

Nine blocks were identified that as the backbone of

Industry 4.0 [9, 10], including industrial organization and

information management and production processes. These

blocks were the research focus to obtain panoramic vision

of application in the industrial sector, as well as its

importance.

The articles were classified into the categories. How-

ever, the articles revealed interconnections with the other

blocks,The systematic review employed with the category

identification considering the highest score, revealed the

requirements for the successful application of the cate-

gories in the industrial sector and its interdependence with

the other blocks.

Finally, the analysis show that the category with the

highest growth has been the horizontal and vertical inte-

gration of systems, This is because it represents the

industrial base in management terms and establishment of

relations with other companies. This review not only

revealed the nine categories and their applications but also

show criteria for the value chain management in terms of

planning. Besides, the essential characteristics that a

company must have to be able to perform in the Industry

4.0 environment, include socio-technical environments as

well as physical objects virtualization through intelligent

systems.

2.1 Vertical integration

The company performance lies in synergy level it pos-

sesses, therefore must be considered the crucial elements

involved in the creation, development and manufacture of

the product as well as its administration [11]; the vertical

integration or internal integration mapping is to evaluates

the system to identify crucial areas for their assistance in a

different manner. Regarding to the vertical integration

study, two components have been considered and shown

separately for revision purposes. However, in the analysis

these components will be merged as they contain similar

elements.

Sociotechnical system: This is a key system for the

organizations. Considering it depends on the operational

success of them, the analysis of the vertical structure is

crucial; having as purpose to provide support to the com-

pany and achieving the execution of the activities part of

the schedule. The socio-technical system must contain

three main elements: technological system, organizational

system and human operating system [2, 12, 13].

Value creation modules: These are similar to the Socio-

technical system,. However they differ in that the value

creation modules adds two more elements to complete the

activities, causing this module to be analyzed thoroughly

and in particular way in each area of value creation mod-

ules objective is similar to the one of the socio-technical

system. Therefore, it offers support to the operation to be

executed correctly. Nevertheless, requires more than the

three elements included in the system previosuly described,

by the addition of the product and process involved. In that

way, the socio-technical system is executed with high

synchronization levels. [12].

• Human operating system provides importance to the

human capital as a critical element of change and is

4768 Wireless Networks (2020) 26:4767–4775

123



www.manaraa.com

directly involved in the progress of the company

[14–21].

• Organizational system in essence, the sequence of

operations between the hierarchical levels of the

company, a responsibilities delegation, etc

[16, 20, 22–28].

• Technological system includes all the elements avail-

able in technology to carry out the activities of the

production process [29–35].

• Product Either a product or a service, is included as the

result of the three previous systems, without neglecting

the particular specifications for each detail and activity

within the processes [25, 36–42, 73].

• Processes these are the activities that give life to the

product, so they are considered in the modules of value

creation as the means to achieve the objective.In this

case, being a product or a service, it is a systematic

analysis that evaluates the process functionally, to

discard activities without value [36, 37, 44–54, 73].

2.2 Horizontal integration

There is a complex relationship between the strategic and

operational goals from the different levels of the manu-

facturing systems which inhibit the realization of an

intelligent manufacturing system. Therefore, the Stevens

model is used to identify aspects of a manufacturing system

to be targeted for strategic planning; using standarized

techniques and an agile scenario as an operational goal

[11, 35, 36, 44, 54–64].

Any improvement in the industry is based on the current

situation analysis and the environment study, where they

are aimed and which strategies should be considered.

Hence, it is essential to develop a conceptual model of

integration, that describes the control activities in the

manufacturing operations management and the level of the

company, with a representation of the physical system and

an explicit interface for the analysis of the optimal control

[12, 65].

Stevens Model: With this model, it is intended to visu-

alize the performance of the company in overall

scheme supply chain operations. This approach defines the

integration level from the organizations, as well as the

technological absorption level. This point is essential for

identify opportunities within the company to be proposed

as change elements.

These change elements will be studied both in the

internal organization and throughout the company’s supply

chain, to be placed in one of the four integration levels

proposed by Stevens [66]. To visualize schematically the

integration possessed, according to the departments that

handle to link the operations synergy.

A business model describes the logic of an organiza-

tion’s value chain in terms of how the customer value is

created and captured; being concisely represented through

an interrelated set of elements: the customer, the value

proposition, the organizational architecture and economic

dimensions [3]. The main purpose is that every organiza-

tion posseses a business model; being or not explicity

articulated, these are required for the companies’ growth.

3 Methodology

The methodology has been divided into two phases for

instrument design.The first one is the instrument building

and the second refers to the validity and reliability tests

regarding to the instrument, according to Hernández-

Sampieri [67].

3.1 Instrument design

For the measurement instrument creation, twelve phases

were followed. Figure 1 shows the considered stages.

3.2 Measurement instrument requirements

Validity, reliability, and objectivity are elements that

should not be treated separately. If any of the three are not

met or not analyzed, the instrument is not used for con-

ducting a study.

Table 1 shows the measurement instrument require-

ments, the objectives, and techniques.

4 Information discussion and analysis

The information analysis obtained consists in the instru-

ment development, design phases and measurement

instrument requirements, as explained below.

4.1 Instrument design

Was performed exclusively with the monitoring of the

phases considered.

Phase 1 Fundamental Redefinition: The research vari-

ables were defined, having as purpose to be applied in

Mexico on a website with a scale value. The scale reflects

the perception of the organization, operations and company

clients regarding to the case study.

Phase 2 Focused literature review: Was performed by

reviewing the detailed literature, the findings of this review

can be found in Saucedo-Martı́nez [8].

Phase 3 Domain’s identification of the variables to be

measured:It was precisely identified the components,
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dimensions, and factors that integrate the variable, based

on horizontal and vertical integration systems.

Phase 4 Key decision-making: It was decided to design a

new instrument, to be applied in Mexico, applied by a web

page, based on a scales questionnaire.

Phase 5 Instrument construction: In this phase, the

categories and the items were designed.

Phase 6 Pilot test: This test was done with group experts

in the academic and research area, such that deficiencies

must detect in the instrument.

Phase 7 Last version’s preparation of the instrument:

Feedback was obtained from the items developed for the

instrument until reaching the final version, Fig. 2 shows the

survey questionnaire elements.

Phase 8 Personnel training who will administer the

instrument: This was done by means of a spreadsheet, to

manage the data and to organize them, as well as the

codification.

Phase 9 Authorizations to apply the instrument: The

authorization for application was made under confiden-

tiality criteria, and not as a case study, if not to evaluate the

requirements of the instrument, this is developed in the

second section of the methodology.

Phase 10 Instrument application: For evaluating the

instrument, experts participated with managerial positions

from important companies in the northern region of Mex-

ico in the industrial and service sectors, as well as

technology.

Phase 11 Data readiness: The data coding was per-

formed to carry out the analysis of the same.

Phase 12 Analysis: The analysis of the information gave

rise to the study of the instrument, in which objectivity and

reliability can be determined.

5 Measurement instrument requirements

5.1 Objectivity

Standardization: Objectivity was obtained through stan-

dardization in the application of the instrument (same

instructions and conditions for all participants) and in the

evaluation of the results; as well as employing trained and

experienced personnel in the instrument.

5.2 Validity

The validity of a measuring instrument is evaluated based

on all types of evidence. The more evidence of content

validity, criterion validity and construct validity have a

Fig. 1 Phases of instrument

construction process [67]

Table 1 Measurement instrument requirements[67]

Measuring

techniques

Requirement

Objective Measuring technique

Validity It refers to the degree to which an instrument actually measures the variable it intends to measure Content, criterion,

construct, expert

Reliability It refers to the degree to which repeated feedback to the same individual or object produces equal

results

Cronbach’s alpha

Objectivity It refers to the degree to which it is permeable or not to the influence of biases and trends of the

researcher or researchers who administer, qualify and interpret

Standardization
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measuring instrument, the latter will come closer to rep-

resenting the variables it intends to measure.

Total validity = content validity ? criterion validity ?

construct validity

Content validity: This validation was carried out in a

systematic way according to the literature review, in which

concepts were investigated, until the terms with the highest

level of comprehension were defined.

Criterion validity: To perform the criterion validation,

tests and comparisons were made with different tools

(Table 2).

Construct validity: This validation can represent the

most important, is based on a theoretical basis of correla-

tion of concepts, so that it is expressed as links of the items

developed with the rest of the methodology.

Expert validity: This validation was done with experts in

the field who reinforced the tool with their points of view,

to improve the instrument.

Fig. 2 Survey questionnaire

elements
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5.3 Reliability

The reliability of the instrument was determined by means

of the Cronbach alpha variable. For this purpose, the

answers obtained in the application to experts were used,

analyzing the data in a spreadsheet with a value of 99.2%

Cronbach’s alpha using the equation:

a ¼ k

k � 1

� �
1�

Pk
i¼1 S

2
i

S2t

" #

6 Conclusions and future work

This revolution is considered holistic from the point of

view that includes all the technologies, tools, skills and

knowledge available, to provide systems autonomy,

increase levels efficiency, customer service and

sustainability.

The inclusion of companies in the new way of operating

requires the dissemination of information that allows the

understanding and practice of the new modality of carrying

out productive activities.

Technologies and the internet play a preponderant role

in the new era, being imperative their adoption in compa-

nies. Companies must have a previous preparation to their

application to operate in Industry 4.0 schemes, to ensure

their development in the new system.

The development of an instrument for evaluating the

current system, with validation, reliability and objectivity

tests, contributes to the detection of business gaps and

opportunities to improve the industrial environment.

In the future, it is intended to apply to the productive

sector, case studies to generate global reports and analysis

that allow investment and growth in technology and pro-

cess improvement.
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48. Liep, Ž., & Sakalas, A. (2014). Evaluation of human capital role

in the value creation process. Procedia—Social and Behavioral
Sciences, 156(April), 78. https://doi.org/10.1016/j.sbspro.2014.

11.123.

49. Aledo Ruı́z, M. D., Gutiérrez, J. O., Martı́nez-Caro, E., &

Cegarra-Navarro, J. G. (2016). Linking an unlearning context

with firm performance through human capital. European
Research on Management and Business Economics, 23(1), 1.

https://doi.org/10.1016/j.iedeen.2016.07.001.

50. Metallo, C., Agrifoglio, R., Schiavone, F., & Mueller, J. (2018).

Understanding business model in the Internet of Things industry,

Technological Forecasting and Social Change (2017). https://doi.

org/10.1016/j.techfore.2018.01.020.

51. Zhong, R. Y., Newman, S. T., Huang, G. Q., & Lan, S. (2016).

Big Data for supply chain management in the service and man-

ufacturing sectors: Challenges, opportunities, and future per-

spectives. Computers and Industrial Engineering, 101, 572.

https://doi.org/10.1016/j.cie.2016.07.013.

52. Volker, S., & Prostean, G. (2016). Research of automotive

change management and combined risk-management models.

Procedia—Social and Behavioral Sciences, 221, 395. https://doi.
org/10.1016/j.sbspro.2016.05.129.

53. Liukkonen, M., & Tsai, T. N. (2016). Toward decentralized

intelligence in manufacturing: Recent trends in automatic iden-

tification of things. International Journal of Advanced Manu-
facturing Technology, 87(9–12), 2509. https://doi.org/10.1007/

s00170-016-8628-y.

54. Tantik, E., & Anderl, R. (2017). Potentials of the asset admin-

istration shell of Industrie 4.0 for service-oriented business

models. Procedia CIRP, 64, 363. https://doi.org/10.1016/j.procir.
2017.03.009.
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Magdiel Pérez-Lara B.Sc. in

industrial engineering specialty

in logistics and manufacturing

from Tecnológico Nacional de
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José Antonio Marmolejo-Sau-
cedo is a Professor at Panamer-

ican University, Mexico. His

research is on operations

research, large-scale optimiza-

tion techniques, computational

techniques and analytical meth-

ods for planning, operations,

and control of electric energy

and logistic systems. He

received his Doctorate in Oper-

ations Research (Hons) at

National Autonomous Univer-

sity of Mexico. At present, He

has the second highest country-

wide distinction granted by the Mexican National System of Research

Scientists for scientific merit (SNI Fellow, Level 2). He is a member

of the Network for Decision Support and Intelligent Optimization of

Complex and Large Scale Systems, Mexican Society for Operations

Research and System Dynamics Society. He has research articles in

science citation index journals, books, conference proceedings, pre-

sentations and book chapters.

Tomás Eloy Salais-Fierro re-

ceived the M.S. and Ph.D.

degrees in New Mexico State

University at Las Cruces, N.M.

USA in 1999 and 2004, respec-

tively. He has been working as a

full-time faculty member and

Associated Professor in the

Department of Logistics and

Supply Chain at Graduate

school of the Autonomous

University of Nuevo Leon,

Mexico. His research interests

are in production scheduling,

resource allocation, inventory

management and machine learning.

Pandian Vasant is a senior lec-

turer at Department of Funda-

mental and Applied Sciences,

Universiti Teknologi PETRO-

NAS in Malaysia. He holds

Ph.D. in Computational Intelli-

gence, M.Sc. (Engineering

Mathematics) and B.Sc. (Hons)

in Mathematics. His research

interests include Soft Comput-

ing, Hybrid Optimization,

Innovative Computing and

Applications. He has co-au-

thored research articles in jour-

nals, conference proceedings,

presentations, special issues guest editor, and book chapters (154

publications indexed in SCOPUS). In 2009 and 2015, he was awarded

top reviewer and outstanding reviewer for the journal Applied Soft

Computing (Elsevier). He has 25 years of working experiences at the

universities. Currently he is Editor-in-Chief of International Journal

of Computing & Optimization, International Journal of Industrial

Engineering & Management, International Journal of Swarm Intelli-

gence & Evolutionary Computing, Editor of Global Journal Tech-

nology & Optimization, Editor of Cogent Engineering (WoS/

SCOPUS) and Associate Editor of International Journal of Fuzzy

Systems Applications (Scopus).

Wireless Networks (2020) 26:4767–4775 4775

123



www.manaraa.com

Wireless Networks (10220038) is a copyright of Springer, 2020. All Rights Reserved.


	Vertical and horizontal integration systems in Industry 4.0
	Abstract
	Introduction
	Background
	Vertical integration
	Horizontal integration

	Methodology
	Instrument design
	Measurement instrument requirements

	Information discussion and analysis
	Instrument design

	Measurement instrument requirements
	Objectivity
	Validity
	Reliability

	Conclusions and future work
	Acknowledgements
	References


