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Abstract: Technology is developing rapidly and transforming our actions, functions and activities, new forms of 
production increasingly incorporate Industry 4.0 technologies. The aim of this paper is to identify trends, gaps, and 
opportunities in scientific research on Industry 4.0. Through the systematic analysis of articles indexed in WoS, 
EBSCO and Scopus journals. It was identified that research is focused on major proportion in the adoption of 
technologies, performance improvements and on less proportion on technical issues and technological 
developments. Areas of opportunity, where it is pertinent to make are sustainability and integration of Industry 4.0 
to the production processes of organisations, the development of human capital, and training to take advantage of 
the changes. 
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1. Introduction  
 
The World Economic Forum's Global Competitiveness Report (2018) described that a determining factor for the 
prosperity or stagnation of countries is the adaptation and transition of organisations towards the Fourth Industrial 
Revolution (4IR) (Schwab, 2018; Cepal, 2018). 
 
Within the 4IR the Industry 4.0 (I4.0) paradigm presents opportunities for companies to take advantage of new 
technology. It is the chance to enhance the creation of economic value, improve the quality of jobs, and increase the 
skills of their workers to offer markets high value-added products and services (Lee & Malerba, 2017; World 
Economic Forum, 2018). 
 
Industry 4.0 provides opportunities for innovative producers, system suppliers, economic sectors, and entire 
geographic regions. As with previous transformations in industry, commerce, and lifestyle these changes pose a 
threat to laggards (Rübmann et al., 2015). Scientific community is interested in determining the economic, social, 
political, and technological impact brought by the technological advances of Industry 4.0. Arouses the interest of 
researchers to know the definition of work roles, adoption barriers, challenges, and opportunities among others 
details of the transition of the enterprise to these new technologies. 
 
The aim of this work was to perform systematic mappings of the scientific literature to identify trends in research 
on Industry 4.0 that will allow identifying areas of opportunity for scientific work in the process of transition and 
adoption of new technologies in organisations. 
 
An industrial revolution represents radical changes in socioeconomic and political systems promoted by the 
introduction of new methods and technologies that generate a significant increase in efficiency and productivity 
(Tarry, 2019). Historically, First Industrial Revolution (1IR) is considered to have taken place in England in the 18th 
century with the introduction of steam engines in production processes and the use of new machines built with iron 
(Thoben et al., 2017).  
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The Second Industrial Revolution (2IR) began in Germany and the United States of North America between 1870 
and 1914 with the implementation of mass production lines, the use of electricity, and the creation of steel and 
plastic. The Third Industrial Revolution (3IR) emerged at the end of the 20th century in multiple industries and 
countries, driven by the automation of production processes through information and communication technologies 
and biotechnology accelerated by the use of silicon and smart materials (Von Tunzelman, 2003; Thoben et al, 2017). 
The Fourth Industrial Revolution (4IR) started in 2011, when for the first time the term Industry 4.0 was used at 
the Hannover Fair, Germany. From that moment, the scientific community began its interest in the changes 
generated in institutions and organisations by the processes of transition and adoption of new technologies. 
 
In scientific literature, Industry 4.0 has been studied from different perspectives with interest of identifying the work 
roles in companies (Benešová et al., 2018), determining barriers to its adoption (Kamble, et al., 2018), and defining 
needs for its implementation (Knolle, 2016; Felix & Rosa, 2018; Dalenogare et al., 2018). Other research studied the 
relevance of strategic planning, implementation of key technologies, opportunities, and challenges for organisations 
(Zhou, et al., 2016). 
 
Research has been developed focusing on issues of cybersecurity in the operation of Industry 4.0 technologies 
(Thames, 2017), effects on workplaces and working conditions in companies (Reuter et al., 2017), and the 
introduction of the Industry 4.0 concept in small and medium-sized enterprises (SME) (Nowotarski & Paslawski, 
2017).  
 
Another area of interest for the scientific community has been the study of the necessary skills, knowledge, and 
experiences that young engineers need in the framework of Industry 4.0 (Motyl et al., 2017). Defining and 
addressing the training needs of workers as a key strategy for the success of manufacturing companies has been 
established as a class point (Rocha et al., 2018).  
 
The impact of Industry 4.0 on higher education and the importance of statistical data analysis has also been studied 
(Baygin et al., 2016; Olmo, 2017). In addition, the process of transforming a fabrication shops into a space for 
Industry 4.0 training (Baena et al., 2017). 
 
2. Methods 
 
We used a case-based empirical study approach as our research method (Hernández-Sampieri & Torres, 2018). For 
the elaboration of systematic mapping, we employed the method proposed by Petersen et al. (2008) as well as the 
literature review methodology proposed by Kitchenham & Charters (2007). 
 
The process of analysing the set of publications was conducted in two stages: first, a quantitative analysis to describe 
the set of selected publications. Second, a qualitative analysis to make sense of the maps constructed. 
 
Work developed, began with the definition of research questions that allowed us to delimit the area of interest. We 
carried out searches in the chosen databases, made the selection of publications using inclusion and exclusion 
criteria. Then, we identified the most prominent authors, constructed maps of scientific communities, and research 
trends in the Industry 4.0 area. 
 
To delimit the area of interest for our work, the following research questions related to Industry 4.0 were posed: 
RQ1. How many scientific articles have been published from 2016 to 2021 in journals indexed in Web of Science 
(WoS), Scopus or EBSCO?; RQ2. Which journals are the most important?; RQ3. What are the geographic regions 
reporting related results?; RQ4. Are there scientific communities working in this area?; and, RQ5. What are the 
research areas that have been addressed?. 
 
Search for publications of interest was performed manually in the databases meeting the following Inclusion Criteria 
(IC):  IC1. Academic journal articles, conference papers or book sections published in scientific repositories WoS, 
Scopus or EBSCO; IC2. Publications in the period from January 2016 to January 2021; and, IC3. Articles with the 
terms 'Industry 4.0' or 'I4.0'. 
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Set of publications obtained from the database searches was analysed and refined to achieve a better-quality set of 
articles using the Exclusion Criteria (EC): EC1. Outreach articles, e.g., editorial paragraphs; EC2. Duplicate articles; 
and, EC3. Incomplete articles. 
 
For the analysis and cleaning process we used the PRISMA scheme (Moher et al., 2009) to guide the activities and 
guarantee good results in the selection. 
 
For the construction of the systematic maps of scientific communities and topics addressed by the authors, 
VOSViewer tool was used, which is widely used to perform bibliometric analysis (Bornmann & Mutz, 2015; 
Leydesdorff & Bornmann, 2016). Text analysis algorithms allow the construction of maps, metrics of the set of 
publications, and present results visually (Van Eck, & Waltman, 2014). 
 
3. Results and Discussion 
 
Initial set of publications obtained from searches in the multidisciplinary bibliographic databases WoS, EBSCO and 
Scopus were 309 articles. The distribution of publications by data source was 46% in Scopus, 34% in WoS, and 20% 
in EBSCO. Table 1 presents the results of the searches performed, including the totals by data source after applying 
EC1. Set of publications obtained after eliminating the dissemination papers was 284 articles: 47% from Scopus, 
34% from WoS, and 19% from EBSCO. 
 
Table 1. Initial set of publications 
 

 WoS EBSCO Scopus TOTAL 

Articles  104 62 143 309 

CE1 applied 96 55 133 284 

 
We eliminated 125 duplicate articles applying EC2, which were reported in more than one data source; result was a 
set of 181 publications. Table 2 presents the total published articles related to the data source that contains them; 
17% of the articles (31) appear in the three sources consulted, 28% (51) of the publications only appear in Scopus, 
being the source with the highest number of papers retrieved for analysis. 
 
Table 2. Set of publications without duplicates. 
 

 WoS EBSCO Scopus  

WoS 13 - - WoS & EBSCO & Scopus 

EBSCO 2 10 - 
Scopus 63 11 51  
WoS & EBSCO & Scopus 31 

 
Application of EC3 eliminated 14 incomplete publications, without text or doi, resulting in a final set of 145 unique 
publications that meet the inclusion and exclusion criteria. Figure 1 shows the PRISMA diagram describing the 
phases of the process of choosing the set of publications used in this work. 
 

 
 
 
Figure 1. PRISMA diagram of the selection process. Adapted from Moher et al. (2009). 
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Set of selected publications was organised manually in a data table format file. In this, each row represents an article, 
and the columns contain the information obtained from the consulted repositories. Data retrieved were title, 
authors, year of publication, source database, doi, keywords, and abstract. Through manual and individual review of 
each article considered, columns were incorporated for the region where the study was conducted, country of origin 
of the authors, institution of authors' affiliation, and research focus. 
 
3.1 Quantitative analysis  
 
Quantitative analysis used the set of selected publications to determine the distribution of publications by year, 
identification of the most representative journals and geographical analysis. Table 3 shows the years in which the 
articles included in the analysis were published. Eighty-six percent (134) of the publications correspond to the 
period 2019 - 2020. 
 
Table 3. Distribution of publications by year. 
 

Year 2016 2017 2018 2019 2020 2021 Total 

Number of articles 1 5 13 46 78 2 145 
Percentage 1 3 9 32 54 1 100 

 
Articles published between 2016 and 2021 indexed in WoS, Scopus, and EBSCO databases were published in 86 
different journals. Bardford's Law (1934) served us to identify the most representative group of journals (Nicolaisen 
& Hjorland, 2007). Following this principle, we considered that most of the articles on Industry 4.0 could be 
published by a few journals especially dedicated to that subject, in conjunction with certain frontier journals, and 
many generals (Urbizagastegui, 2016). 
 
In Figure 2 we present the grouping of journals with a two-zone model. Seven main journals were identified in the 
publication of Industry 4.0 topics: Procedia Manufacturing, IFAC-Papers online, Journal of Manufacturing Technology 
Management, Sustainability (Switzerland), Computers in Industry, International Journal of Production Research, and International 
Journal of Advanced Manufacturing Technology. 
 
 

 
 
Figure 2. Analysis of the journals in the set of publications. 
 
Geographical analysis of the set of publications shows that Europe is the region with the highest number of papers 
reported (64%). Table 4 shows that Asia (16%) and Latin America (13%) are the other regions highlighted by the 
work of researchers and results reported in the databases studied. 
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Table 4 Analysis by geographic region. 
 

Region Africa Asia Europe Latin America North America 

Percentage 2% 16% 65% 13% 4% 

 
In the case of countries, 56% of the publications analysed were generated by authors located in Italy (16), Germany 
(14), Brazil (9), India (6) and Portugal (6), Table 5.  Scientific community in Industry 4.0 considering the number of 
researchers included in the analysis set is concentrated in Italy (15%), Germany (10%), Brazil (8%), Portugal (8%), 
and India (7%).  
 
Table 5. Analysis by country and number of researchers. 
 

Country Italy Germany Brazil India Portugal 

No. articles 16 14 9 6 6 
Researchers 29 19 15 13 16 

 
Quantitative indicators of the set analysed are included in Table 6, articles with only one author (13), proportion of 
articles per author (0.292), average number of authors per article (3.43), co-authorship per article (3.82), 
collaboration index (3.64), and total citations (219).  
 
Table 6. Indicators of the set of publications. 
 

Indicator Single 
author 

Articles 
/Author 

Authors per article Co-authorship 
per article 

Collaboration 
index 

Citations 
in the set 

Value 13 0.292 3.43 3.82 3.64 219 

 
3.2 Qualitative analysis  
 
First part of the qualitative analysis was carried out through an in-depth reading of each article included in the study 
set to identify the most prominent authors, research approaches, thematic areas, and objectives. Table 7 lists the 
most prominent authors during the last 3 years: Garza-Reyes, Charnley, Facchini, Okorie, Putnik, and Sawhney. 
 
Table 7. Main authors in Industry 4.0. 
 

Author Reference 

Garza-Reyes  (Mendoza-Del Villar et al., 2020); (Tortorella et al., 2020a); (Luthra et al., 2020); (Caiado et al., 
2021). 

Charnley  (Okorie et al., 2018); (Charnley et al., 2019); (Okorie et al., 2020). 

Facchini  (Ante et al., 2018); (Luccato et al., 2019); (Gomes et al., 2020).  

Okorie  (Okorie et al., 2018); (Okorie et al., 2020); (Charnley et al., 2019). 

Putnik (Varela et al., 2018); (Varela et al., 2019); (Alves & Putnik, 2019). 

Sawhney (Tortorella, et al., 2020a); (Tortorella et al., 2020b); (Tortorella et al., 2020c). 

 
Result of the analysis of the research approach used by the authors is presented in Table 8. Quantitative method 
was used in 43% of the articles, 35% used the qualitative approach, and 22% were scientific literature review. 
 
Table 8. Research approach. 
 

Type Percentage 

Quantitative Not specified 35% 43% 

Model / Simulation 5% 

Laboratory application 3% 
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Qualitative Not specified 28% 35% 
Cases 7% 

Literature review   22% 

 
Result of the analysis of the topics studied by each article included in our set, as well as the objectives of the 
materials, was built Table 9, it was established that 80% of the publications focus on the adoption of Industry 4.0 in 
organisations and their impact on performance. 
 
Table 9. Themes addressed in the research. 
 

Themes Adoption Performance Literature 
review 

Technology 
develops 

Prototypes 
Technology 

Adoption Performa
nce 

Percentage 41% 29% 22% 3% 3% 41% 29% 

 
For the second part of the qualitative analysis process the set of publications in the data table format file was 
exported to a new file in comma separated text (CSV) format to be processed in the VOSViewer software. 
 
Using VOSViewer's text analysis tools we analysed the data to create semantic maps to identify scientific 
communities and research areas in Industry 4.0. The Map of collaboration of scientific communities presented in 
Figure 3 was obtained by processing the authors' data. 
 

 
 
Figure 3. Industry 4.0 scientific community. 
 
We identified three main groups, two triads, and five binary groups of authors that collaborate to generate scientific 
products related to Industry 4.0. 
 
To identify the study topics addressed, abstracts of the articles were processed to give the map of recurrent terms 
shown in Figure 4; size of the bubbles represents the number of times the term was mentioned while connecting 
lines indicate the relationship between them. 
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Figure. 4 Map of recurrent terms in article abstracts. 
 
Map of recurrent terms includes 3 main groups with a uniform distribution and homogeneous distances between 
them. In Table 10 we describe the red, green, and blue groups. 
 
Table 10. Groups of terms. 
 

Color Themes 

red study, analysis, work, solution, implementation, adoption, practice, manager 
organisation, tool, sme, firm, lack, case study, tool, insight, design methodology 
approach, manager, survey, paradigm 

green process, model, framework, area, product, internet, Smart manufacturing, simulation, 
iot, circular economy 

blue copyright, author, property, multiple sites, individual use 

 
In Table 11, we presented the analysis result of groups of terms, articles obtained by using the combination of the 
terms 'Industry 4.0' OR 'I4.0' AND 'Manufacture' represent 34% (50) of the articles in the review, this was evidence of 
the relevance of Industry 4.0 and associated technologies for the manufacturing sector. In addition, the number of 
citations of these papers represent 68% of the total (149). 
 
Table 11. Groups of terms. 
 

Industry 4.0 + Articles Year of publication Citations 

Manufacture 50 2017, 2018, 2019, 2020 149 

Strategy 21 2018, 2019, 2020 - 

Work 14 2019, 2020 29 

Competitiveness 5 2018, 2019, 2020 26 

University 2 2020 - 
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Results of the combinations with the terms 'Strategy' AND 'Work' represent 24% of the articles in the study, 21 and 
14, respectively. Human capital formation, linked to terms 'Competitiveness' AND 'University' is the least addressed by 
the authors. 
 
3.2.  Discussion 
 
Results in Table 3 described that prior to the year 2017 there were not frequent works related to the subject of 
Industry 4.0 in the chosen data sources. In 2018 the growth in the number of articles began; in 2020 a great interest 
in the subject was reflected.  The value for 2021 was low because the data collection was carried out in January. 
With the results presented in Figure 2 of the main journals where the analysed articles appear. Considering the area 
of knowledge to expand the analysis, we obtained that 62% of the publications correspond to the areas of 
Engineering (34%), Business economics (17%), and Computer science (11%). Table 12 shows the areas identified together 
with total number of publications and percentage. 
 
Table 12. Analysis by knowledge area. 
 

Area A
rt 

%  Area Art % 

Engineering 4
9 

3
4 

 Operation research 
management  

14 9 

Business economics 2
4 

1
7 

 Science Technology 11 8 

Computer Science 1
6 

1
1 

 Environmental Science 
Ecology 

10 7 

Automation control 
systems 

1
5 

1
0 

 Telecommunications 6 4 

    Total 145 1
00 

 
Results of the analysis by geographic region presented in Table 4 described an overwhelming difference between 
them, Europe (65%) and Asia (16%) together accounting for 81% of the articles analysed.  
 
In the results of Table 5, it is established that in Europe the countries most interested in Industry 4.0 were Italy, 
Germany, and Portugal; in Asia was India. On the other hand, in Latin America 90% principal authors were from 
Brazil, while in North America the contributions were from authors from USA and Canada. In the sample studied, 
48 of the articles were regional studies; 29 Italian authors have studied 19 objects of study in their country while 19 
German researchers have analysed 19 objects of study in their geographical location. 
 
The most research approach used by the authors was quantitative (43%) related to the development of simulation 
models and applications in laboratories. Thirty-five percent used the qualitative approach, and in this category, case 
development stands out. Literature reviews represent 22% of research in Industry 4.0. 
 
According to the results presented in Table 8, there were few articles that detail and report on experimental 
technological issues in laboratories or industry (8%). While 22% of the papers were literature reviews which was 
indicative of the active construction of the body of scientific knowledge. Forty-one percent of the analysed papers 
focus on the adoption of the paradigm, and 29% on impact on the performance of organisations. 
 
Scientific communities presented in Figure 3 focus their work on smart manufacturing and its relationship with the 
circular economy (red group); incremental and low-cost frameworks for small businesses (purple group), and the 
definition of the Industry 4.0 body of knowledge through systematic literature reviews (green group). 
 
In the term recurrent map in Figure 4, the blue cluster was related to new Industry 4.0 technologies, authorship, and 
intellectual property management, as well as user needs in organisations. Red group was the largest and was oriented 
towards applications and solutions for industry, particularly in small and medium-sized enterprises (SME). 
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Green group addressed the study of the opportunities and benefits of the implementation of technologies and 
Industry 4.0 paradigm in companies through work frameworks and process simulations. Yellow group included the 
topics of practice, productivity, and innovation in companies. Purple group included term clusters related to the 
management of organisations, they have interest in productivity, innovation, and technological developments in 
companies. 
 
4. Conclusions 
 
We retrieved and analysed 145 articles published in journals indexed in WoS, Scopus, and EBSCO in the period 
from January 2016 to January 2021. Eighty-six percent of the analysed articles were published in the period 2019 - 
2020. 
 
The most relevant journals in the Industry 4.0 area were Procedia Manufacturing, IFAC-Papers online, Journal of 
Manufacturing Technology Management, Sustainability (Switzerland), Computers in Industry, International Journal of Production 
Research, and International Journal of Advanced Manufacturing. Engineering, business economics, and computer science 
were specialisation areas where Industry 4.0 was published. 
 
Europe was the continent with the most research on Industry 4.0 (65%). Objects studied were in Italy, Germany, 
and Portugal. In Asia (16%) the studies were located mostly in India; in Latin America (13%), studies developed in 
Brazil were reported. Researches developed were local, objects of study were chosen from the same country, it is 
scope was regional, and they reported results in these contexts. 
 
Need for research with a regional focus can be established. This could facilitate the adoption and development of 
Industry 4.0, because it requires the design of appropriate strategies for the contexts. Research was focused on 
technology adoption (41%), productivity increase and performance improvements (29%), and technical issues and technological 
developments (8%). Networks constructed by identifying keywords with more cooccurrences confirm the above.  
 
Results of the analysis, we identified the following areas on which studies have focused in the last 5 years: a) 
Manufacturing sector was looking for ways to adopt Industry 4.0, b) Design of implementation strategies for 
Industry 4.0 linked to smart manufacturing and sustainability, and c) Generation of technological developments in 
Industry 4.0. 
 
Emerging themes were lean manufacturing, sustainability, logistics, and circular economy related to sustainability 
and integration into the production processes of organisations. Other unexplored areas of interest are related to 
human capital (Work, Strategy, Work, Competitiveness, and University) and its implications with the strategies to 
face changes at work. 
 
It will be important to conduct studies: 1) for specific latitudes, 2) of empirical cut, 3) in relation to competitiveness, 
4) that develop particular adoption strategies in the manufacturing sector, 5) that analyse the linkage with agile work 
methodologies in organisations and factories, 6) for the development of technology and horizontally and vertically 
integrated strategies for its proper exploitation, 7) the development of public policy (including the ethical part) that 
provides the right conditions for the adoption, development, and evolution of Industry 4. 0, and 8) it is necessary to 
study the relationship between labour and human capital formation. That will be required to take advantage of the 
benefits that can be derived from the incorporation of Industry 4.0 and its technologies. 
 
This study was focused only on WoS, Scopus, and EBSCO publications. Thus, articles included in journals not 
considered in the chosen data sources were left out; therefore, the set of analysis was reduced and with trends that 
cannot be resolved in advance.  
 
References 

 
1. Ante, G., Facchini, F., Mossa, G., & Digiesi, S. (2018). Developing a key performance indicators tree for 

lean and smart production systems. IFAC-PapersOnLine, 51(11), 13–18. 
https://doi.org/10.1016/j.ifacol.2018.08.227 

file:///G:/IJSAR%20PAPERS/2019%20vol-2%20issue-%20january-february/29......15.02.2019%20manuscript%20id%20IJASR004229/www.ijasr.org


 

 

 

International Journal of Applied Science and Research 

 

 

62 www.ijasr.org                                                               Copyright © 2022 IJASR All rights reserved   

 

2. Alves, C., & Putnik, G. D. (2019). Cyber-Physical Production System (CPPS) decision making duration 
time impact on manufacturing system performance. FME Transactions, 47(4), 675–682. 
https://doi.org/10.5937/fmet1904675A 

3. Baena, F., Guarin, A., Mora, J., Sauza, J., & Retat, S. (2017). Learning Factory: The Path to Industry 4.0. 
Procedia Manufacturing, 9, 73–80. https://doi.org/10.1016/j.promfg.2017.04.022 

4. Baygin, M., Yetis, H., Karakose, M., & Akin, E. (2016). An effect analysis of industry 4.0 to higher 
education. 2016 15th International Conference on Information Technology Based Higher Education and 
Training, ITHET 2016. https://doi.org/10.1109/ITHET.2016.7760744 

5. Benesova, A., Hirman, M., Steiner, F., & Tupa, J. (2018). Analysis of Education Requirements for 
Electronics Manufacturing within Concept Industry 4.0. Proceedings of the International Spring Seminar 
on Electronics Technology, 2018–May, 2–6. https://doi.org/10.1109/ISSE.2018.8443681 

6. Bornmann, L., Mutz, R., (2015). Growth rates of modern science: A bibliometric analysis based on the 
number of publications and cited references. Journal of the Association for Information Science and 
Technology, 66(11), 2215–2222. doi:10.1002/asi.23329 

7. Bradford, S.C. (1934). Fuentes de información sobre temas específicos. Ingeniería, 137, 85-86. 
8. Caiado, R. G. G., Scavarda, L. F., Gavião, L. O., Ivson, P., Nascimento, D. L. de M., & Garza-Reyes, J. A. 

(2021). A fuzzy rule-based industry 4.0 maturity model for operations and supply chain management. 
International Journal of Production Economics, 231. https://doi.org/10.1016/j.ijpe.2020.107883 

9. Cepal. (2018). Monitoreo de la Agenda Digital para América Latina y el Caribe eLAC2018, 78. Retrieved 
from https://repositorio.cepal.org/bitstream/handle/11362/43444/1/S1800256_es.pdf 

10. Charnley, F., Tiwari, D., Hutabarat, W., Moreno, M., Okorie, O., & Tiwari, A. (2019). Simulation to Enable 
a Data-Driven Circular Economy. Sustainability, 11(12), 3379. https://doi.org/10.3390/su11123379 

11. Dalenogare, L. S., Benitez, G. B., Ayala, N. F., & Frank, A. G. (2018). The expected contribution of 
Industry 4.0 technologies for industrial performance. International Journal of Production Economics, 
204(August), 383–394. https://doi.org/10.1016/j.ijpe.2018.08.019 

12. Felix, A., & Rosa, E. (2018). a Gestão Documental Como Suporte Ao Governo Eletrônico  : Caso Da 
Secretaria De Estado Da Saúde De Santa Catarina ( Ses / Sc ). https://doi.org/10.1561/2200000016 

13. Gomes, M. G., da Silva, V. H. C., Rodrigues Pinto, L. F., Centoamore, P., Digiesi, S., Facchini, F., & de 
Oliveira Neto, G. C. (2020). Economic, environmental, and social gains of the implementation of artificial 
intelligence at dam operations toward industry 4.0 principles. Sustainability (Switzerland), 12(9). 
https://doi.org/10.3390/SU12093604 

14. Hernández-Sampieri, R., & Torres, C. P. M. (2018). Metodología de la investigación (Vol. 4). México Ed. F 
DF: McGraw-Hill Interamericana.  

15. Kamble, S. S., Gunasekaran, A., & Sharma, R. (2018). Analysis of the driving and dependence power of 
barriers to adopt industry 4.0 in Indian manufacturing industry. Computers in Industry, 101(May), 107–119. 
https://doi.org/10.1016/j.compind.2018.06.004 

16. Kitchenham, B. A, & Charters, S. (2007). Guidelines for performing Systematic Literature Reviews in 
Software Engineering. 

17. Knolle, K. (2016). Pervichnoe Utolshchenie ’Endokarda V Rannem Detskom Vozraste. Arkhiv Patologii, 
25(25), 60–64. https://doi.org/10.1016/j.ifacol.2016.12.002 

18. Lee, K., & Malerba, F. (2017). Catch-up cycles and changes in industrial leadership: Windows of 
opportunity and responses of firms and countries in the evolution of sectoral systems. Research Policy, 
46(2), 338-351. 

19. Leydesdorff, L., & Bornmann, L. (2016). The operationalization of “fields” as WoS subject categories (WC 
s) in evaluative bibliometrics: The cases of “library and information science” and “science & technology 
studies”. Journal of the Association for Information Science and Technology, 67(3), 707-714. 

20. Lucato, W. C., Pacchini, A. P. T., Facchini, F., & Mummolo, G. (2019). Model to evaluate the Industry 4.0 
readiness degree in Industrial Companies. IFAC-PapersOnLine, 52(13), 1808–1813. 
https://doi.org/10.1016/j.ifacol.2019.11.464 

21. Luthra, S., Kumar, A., Zavadskas, E. K., Mangla, S. K., & Garza-Reyes, J. A. (2020). Industry 4.0 as an 
enabler of sustainability diffusion in supply chain: an analysis of influential strength of drivers in an 
emerging economy. International Journal of Production Research, 58(5), 1505–1521. 
https://doi.org/10.1080/00207543.2019.1660828 

22. Mendoza-Del Villar, L., Oliva-Lopez, E., Luis-Pineda, O., Benešová, A., Tupa, J., & Garza-Reyes, J. A. 
(2020). Fostering economic growth, social inclusion & sustainability in industry 4.0: A systemic approach. 
Procedia Manufacturing, 51, 1755–1762. https://doi.org/10.1016/j.promfg.2020.10.244 

file:///G:/IJSAR%20PAPERS/2019%20vol-2%20issue-%20january-february/29......15.02.2019%20manuscript%20id%20IJASR004229/www.ijasr.org


 

 

 

International Journal of Applied Science and Research 

 

 

63 www.ijasr.org                                                               Copyright © 2022 IJASR All rights reserved   

 

23. Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Prisma Group. (2009). Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS med, 6(7), e1000097. 

24. Motyl, B., Baronio, G., Uberti, S., Speranza, D., & Filippi, S. (2017). How will Change the Future 
Engineers’ Skills in the Industry 4.0 Framework? A Questionnaire Survey. Procedia Manufacturing, 
11(June), 1501–1509. https://doi.org/10.1016/j.promfg.2017.07.282 

25. Nicolaisen, J. & Hjørland, B. (2007). Practical potentials of Bradford's law: A critical examination of the 
received view. Journal of Documentation, 63(3): 359-377. Available at: http://dlist.sir.arizona.edu/2123 

26. Nowotarski, P., & Paslawski, J. (2017). Industry 4.0 Concept Introduction into Construction SMEs. IOP 
Conference Series: Materials Science and Engineering, 245(5). https://doi.org/10.1088/1757-
899X/245/5/052043 

27. Okorie, O., Salonitis, K., Charnley, F., Moreno, M., Turner, C., & Tiwari, A. (2018). Digitisation and the 
circular economy: A review of current research and future trends. Energies, 11(11), 3009. 

28. Okorie, O., Charnley, F., Ehiagwina, A., Tiwari, D., & Salonitis, K. (2020). Towards a simulation-based 
understanding of smart remanufacturing operations: a comparative analysis. Journal of Remanufacturing. 
https://doi.org/10.1007/s13243-020-00086-8 

29. Olmo, R. Del. (2017). Solutions to Ease, (August). 
30. Petersen, K., Robert, F., Shahid, M., y Mattsson, M. (2008). Systematic Mapping Studies in Software 

Engineering. EASE 8, 68-77 
31. Reuter, M., Oberc, H., Wannöffel, M., Kreimeier, D., Klippert, J., Pawlicki, P., & Kuhlenkötter, B. (2017). 

Learning Factories’ Trainings as an Enabler of Proactive Workers’ Participation Regarding Industrie 4.0. 
Procedia Manufacturing, 9, 354–360. https://doi.org/10.1016/j.promfg.2017.04.020 

32. Rocha, L., Savio, E., Marxer, M., & Ferreira, F. (2018). Education and training in coordinate metrology for 
industry towards digital manufacturing. Journal of Physics: Conference Series, 1044(1). 
https://doi.org/10.1088/1742-6596/1044/1/012026 

33. Rübmann, M., Lorenz, M., Gerbert, P., Waldner, M., Justus, J., Engel, P., Harnisch, M. (2015). Industry 4.0: 
the future of productivity and growth in manufacturing industries. BCG Perspect 9 

34. Schwab, K. (2018, November). The global competitiveness report 2018. In World Economic Forum (Vol. 
671). 

35. Tarry, A. (2018). Coaching with Careers and AI in Mind: Grounding a Hopeful and Resourceful Self Fit for 
a Digital World (1st ed.). Routledge. https://doi.org/10.4324/9780429451553 

36. Thames, L. (2017). Cybersecurity for Industry 4.0. https://doi.org/10.1007/978-3-319-50660-9 
37. Thoben, K. D., Wiesner, S., & Wuest, T. (2017). “Industrie 4.0” and smart manufacturing-a review of 

research issues and application examples. International journal of automation technology, 11(1), 4-16. 
38. Tortorella, G. L., Cawley Vergara, A. Mac, Garza-Reyes, J. A., & Sawhney, R. (2020a). Organizational 

learning paths based upon industry 4.0 adoption: An empirical study with Brazilian manufacturers. 
International Journal of Production Economics, 219, 284–294. https://doi.org/10.1016/j.ijpe.2019.06.023 

39. Tortorella, G. L., Pradhan, N., Macias de Anda, E., Trevino Martinez, S., Sawhney, R., & Kumar, M. 
(2020b). Designing lean value streams in the fourth industrial revolution era: proposition of technology-
integrated guidelines. International Journal of Production Research, 58(16), 5020–5033. 
https://doi.org/10.1080/00207543.2020.1743893 

40. Tortorella, G., Sawhney, R., Jurburg, D., de Paula, I. C., Tlapa, D., & Thurer, M. (2020c). Towards the 
proposition of a Lean Automation framework: Integrating Industry 4.0 into Lean Production. Journal of 
Manufacturing Technology Management, 32(3), 593–620. https://doi.org/10.1108/JMTM-01-2019-0032 

41. Urbizagástegui A. R. (2016). El crecimiento de la literatura sobre la ley de Bradford. Investigación 
bibliotecológica, 30(68), 51-72. 

42. Van Eck, N. J., & Waltman, L. (2014). Visualizing bibliometric networks. In Measuring scholarly 
impact (pp. 285-320). Springer, Cham. 

43. Varela, M. L. R., Putnik, G. D., Manupati, V. K., Rajyalakshmi, G., Trojanowska, J., & Machado, J. (2018). 
Collaborative manufacturing based on cloud, and on other I4.0 oriented principles and technologies: A 
systematic literature review and reflections. In Management and Production Engineering Review (Vol. 9, 
Issue 3, pp. 90–99). Polish Academy of Sciences. https://doi.org/10.24425/119538 

44. Varela, M. L. R., Putnik, G. D., Manupati, V. K., Rajyalakshmi, G., Trojanowska, J., & Machado, J. (2019). 
Integrated process planning and scheduling in networked manufacturing systems for I4.0: a review and 
framework proposal. Wireless Networks. https://doi.org/10.1007/s11276-019-02082-8 

45. Von Tunzelmann, N. (2003). Historical coevolution of governance and technology in the industrial 
revolutions. Structural Change and Economic Dynamics, 14(4), 365-384. 

file:///G:/IJSAR%20PAPERS/2019%20vol-2%20issue-%20january-february/29......15.02.2019%20manuscript%20id%20IJASR004229/www.ijasr.org


 

 

 

International Journal of Applied Science and Research 

 

 

64 www.ijasr.org                                                               Copyright © 2022 IJASR All rights reserved   

 

46. WEF. (2018). Retrieved November 23, 2018, La cuarta revolución industrial TOPLINK recuperado de  
https://toplink.weforum.org/knowledge/insight/a1Gb0000001RIhBEAW/explore/summary 

47. World Economic Forum. (2018). The Future of Jobs Report 2018 Insight Report Centre for the New 
Economy and Society. https://doi.org/10.1177/1946756712473437 

48. Woetzel, J., Garemo, N., Mischke, J., Kamra, P., & Palter, R. (2017). Bridging infrastructure gaps: Has the 
world made progress. McKinsey & Company, 5. 

49. Zhou, K., Liu, T., & Zhou, L. (2016). Industry 4.0: Towards future industrial opportunities and challenges. 
2015 12th International Conference on Fuzzy Systems and Knowledge Discovery, FSKD 2015, 2147–2152. 
https://doi.org/10.1109/FSKD.2015.73 

 

file:///G:/IJSAR%20PAPERS/2019%20vol-2%20issue-%20january-february/29......15.02.2019%20manuscript%20id%20IJASR004229/www.ijasr.org

