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Featured Application: This article reports the first bibliometric analysis of Industry 4.0 in Latin 

America and, in general, the first use of the new article level Incites/Clarivate micro citation topic 

4.224.1040 Industry 4.0. 

Abstract: Industry 4.0 (i4.0) is one of the fields of knowledge that is most extensively researched 

recently and whose definition is the most controversial, and Latin America (LatAm) is no exception. 

Identifying the LatAm countries and institutions with the highest degree of innovation and global 

impact in the i4.0 field. New citation micro-topics were used to identify the thematic domain: 

4.224.1040 Industry 4.0. Difference indicators were extracted from Web of Science, Journal Citation 

Reports and especially Incites. Broadly speaking, the LatAm effort rate in i4.0 is high, as well as its 

global impact. The main countries are, in decreasing order, Brazil and Mexico. These countries show 

a high number of industry collaborations, and Brazil boasts many patent citations. Spain is a key 

partner of Mexico, Colombia, Argentina, Cuba and Ecuador. The most prominent institutions are 

the Monterrey Institute of Technology (Tecnológico de Monterrey) and the University of Rio Grande 

do Sul (Universidade Federal do Rio Grande do Sul – UFRGS). The former specializes in engineering 

and smart manufacturing systems and the latter in ICT (cloud computing, IoT, and big data, among 

others). 
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1. Introduction 

The Fourth Industrial Revolution, also known as Industry 4.0 (i4.0), is a hot topic and 

field of research, and not without controversies; it originated in Germany [1] and has re-

cently generated considerable literature output. Although at first i4.0 focused on the rela-

tionship with modern manufacturing systems, such as those known as cyber-physical sys-

tems [2], over time, the concept evolved more towards information and communication 

technologies (ICT) content such as the Internet of Things (IoT) [3] and Blockchain [4]. 

In Latin America (LatAm), the topic has generated significant expectation because a 

few authors believe that i4.0 can provide developing countries with a “shortcut,” [5] even 

though many barriers to their development persist [6] and the degree of innovation re-

mains low [7]. Among all the countries in the region, Brazil stands out, with citations in 

many articles on i4.0 and with an industrial system that is more akin to those of more 

developed countries than of other Latin-American countries [8]. The development of the 

Brazilian industry is compared to that of Canada [9] and Germany [10], [11], [12].  

The leading i4.0 areas in Brazil include the plastic industry, IoT, and cyber-physical 

systems, [13], all of which emphasize sustainability [14] and small enterprises [15]. How-

ever, in some more classic areas, such as the automotive industry, their size and the eco-

nomic crisis have made it difficult to implement i4.0 [16]. These adverse factors are com-

pounded by other drawbacks, such as insufficient training of engineers at the university 

level, [17], the need for strengthening the relationship between business and scientific 
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partners [18] and for improving the field of human resources [19], and even the COVID-

19 pandemic [20]. 

Despite these drawbacks, Brazil is regularly placed among the top-15 countries in 

global bibliometric studies, ranking at the eleventh [21], fourteenth [22], seventh [23], and 

third [24] positions, depending on the keywords used in each study.  

Only one bibliometric study of i4.0 in Brazil is available in the literature [25]. This 

study highlights the participation of the University of São Paulo (Universidade de São 

Paulo—USP) and the Federal University of Santa Catarina (Universidade Federal de Santa 

Catarina—UFSC) in knowledge creation in this field of research. Below, we will show that, 

although these universities are important, they are outpaced by a third university whose 

innovation and impact is even greater: the Federal University of Rio Grande do Sul (Uni-

versidade Federal do Rio Grande do Sul—UFRGS). 

Few studies have addressed other Latin-American countries except Brazil. Generally, 

authors highlight the limited degree of i4.0 development that is still found in countries 

such as Colombia [26], Mexico [27], Chile [28], or Cuba [29]. 

No bibliometric study of i4.0 in LatAm has been previously conducted; however, a 

specific study of connectivity technologies, such as 5G and the IoT, has shown the dyna-

mism of these technologies in the region, indicating that Brazil leads research output and 

citations, albeit closely followed by Chile, Colombia, and Mexico [30]. These results, as 

discussed below, are not necessarily in line with the findings of this study. 

One of the main problems with i4.0 is the lack of a clear consensus on its definition, 

which makes it difficult to define the thematic domain based on keywords. In this article, 

we will use a different method from that followed in the aforementioned bibliometric 

studies; that is, instead of arbitrarily chosen keywords, we will use the new Incites/Clari-

vate citation topics, so that we can answer, among others, the following research ques-

tions: How is the research on i4.0 in LatAm? What is the degree of effort in the region? 

Does LatAm research on i4.0 have a global impact? Which are the leading countries in this 

field? Where do they publish and from where do they receive citations? What role do 

patents play in these citations? Which are the most outstanding institutions and why are 

they the leaders? What is the global impact and thematic profile of i4.0? 

2. Materials and Methods 

One of the main problems in researching i4.0 is the method used to define and delimit 

this thematic domain. Many authors have tried to do so by compiling keywords, but this 

procedure usually has several drawbacks. The main drawback is that this concept is rela-

tively new and documents with this term are not available prior to 2015. Another major 

shortcoming is that i4.0 is a mostly German concept and has not yet been widely accepted 

in the Anglo-Saxon world. Therefore, i4.0 research requires a method for identifying tech-

nologies without the need to explicitly mention the “Industry 4.0” concept. 

For this purpose, a good alternative consists of using some type of algorithm for de-

tecting thematic fields or research fronts. In January 2021, Clarivate implemented in its 

Incites product a community detection algorithm in complex network graphs developed 

by the Centre for Science and Technology Studies (CWTS) [31]. The algorithm performs a 

massive clustering of bibliographic citations and identifies the different communities 

grouped into three hierarchical levels: macro- (10), meso- (326) and micro-topics (2444). 

Unlike the traditional subject categories, these topics do not operate at the journal level 

but rather at the article level, so that each record receives a single topic. This type of clas-

sification is much finer than those previously applied in recent research and frequently 

used by journal subject categories. 

In April 2022, a new clustering was performed, leading to the same number of macro- 

(96.88% stability) and meso-topics (90% stability), and with only a name change in one of 

the latter. However, approximately 160 name changes and 13 new topics were identified 
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at the micro level1. The macro- and meso-topics were labeled by humans, whereas the 

micro-topics labels were automatically generated. 

On both occasions, the algorithm detected a micro-topic that automatically identifies 

the topic at hand: 4.224.1040 Industry 4.0. The classification code informs that the macro-

topic is 4 (Electrical Engineering, Electronics, & Computer Science) and the meso-topic 

224 (Design & Manufacturing). The dataset of this micro-topic amounts to 18,424 records 

for the entire period covered by Incites (1980–2022). Every month new documents are 

added to this classification scheme, without the need to perform a re-clustering, only by 

analyzing their references. 

Using the code 4.224.1040, the total i4.0 research output of LatAm, each of its coun-

tries, and the most important institutions were identified. Incites also generated queries 

to access the original data in the Web of Science (WOS), including those corresponding to 

the Emerging Source Citation Index (ESCI). The information of the Journal Impact Factor 

(JIF) quartiles derives from the Journal Citation Reports (JCR). Among the most important 

indicators, the following were considered: Web of Science Documents, Times Cited, Cat-

egory Normalized Citation Impact (CNCI), Documents in Q1, Q2, Q3, & Q4 Journals, Cites 

in Q1, Q2, Q3, & Q4 Journals, % International Collaborations, % Industry Collaborations, 

Citations from Patents, etc.  

All these values were calculated for both the micro-topic 4.224.1040 and total research 

output in all disciplines. The data were processed in MS-Excel, using MS-Excel, Tableau, 

Scimago Graphica [32] and Vosviewer [33] for the graphical representations. 

3. Results 

The topic i4.0 totals 18,424 documents globally, of which 943 have at least one author 

from a LatAm institution. These 943 documents account for 5.12% of the total output, 

which is significantly high because LatAm accounts for only 3.49% (2.5M/74.2M) of all 

documents in the entire database. Highlighting the significance of this value, Figure 1 

shows a series of effort ratios in relation to the total research output of the region.  

The number of citations is even more significant because Latin-American i4.0 cita-

tions account for 5.40% of the worldwide total, whereas the corresponding value of the 

region in general science barely reaches 2.71% (32.6M/1200M). In other words, LatAm out-

put is not only significant but also cited globally above average in other disciplinary fields. 

As expected, this effect is shown by the CNCI indicator because the global impact is lower 

than one (0.998), but the LatAm impact is 1.05. When performing the same comparison 

for all disciplines, we find that the difference is greater, but reverse (0.98 vs. 0.77). In i4.0, 

LatAm again performs above average in relation to other thematic fields. 

  

 
1 https://incites.help.clarivate.com/Content/Research-Areas/citation-topics.htm 
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Figure 1. Effort ratios. Source: Incites. 

The temporal evolution of both geographic domains is somewhat similar. As indi-

cated above, the method implemented by Clarivate retrospectively recovers the scientific 

output even before the coining of the term. In fact, documents can be traced back to the 

last two decades of the previous century. However, a consistent output can be identified 

for approximately 20 years. 

 

Figure 2. Temporal evolution. Source: Incites. 

Figure 2 shows the evolution of the world (main vertical axis) and LatAm (secondary 

vertical axis) visualizing how the region’s growth was slow at first but then accelerated. 

The sharp decrease in 2020, which occurred both in the World and in LatAm, could be 

due to some problem in the functioning of the detection algorithm of the cited topic. This 

matter is outside the scope of this research and its aims, but we will continue investigating. 

When examining the countries, we found that Brazil and Mexico lead the research 

output. By plotting the data by country as in Figure 1, we identified a clear bias of these 

two countries. On the left-hand side, Figure 3 shows the percentage of i4.0 research output 

(blue) of each country that accounts for the total output of LatAm in comparison with the 

same percentage for all disciplines. Brazil accounts for approximately 60% of all the i4.0 
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documents of LatAm, and for slightly less than half of all scientific documents of the entire 

region across all fields. 

A similar behavior was found in Mexico, but the percentage difference was not as 

high (slightly more than 5%). The research output of Argentina and Chile are strikingly 

low because, given their general position (12% and approximately 9%), they should ac-

count for more than 3% and 2% of the total research output, respectively. The contribution 

of the remaining countries is much lower, although Ecuador stands out (with more than 

3%). To facilitate the analysis and visualization of the data, we only show the top-eight 

countries by research output. 

 

Figure 3. Ratio of documents and citations by country. Source: Incites. 

On the right-hand side, Figure 3 shows the percentage of citations on i4.0 in red and 

on all disciplines in green per country. The results highlight that the gap in Brazil widens 

to more than 15%. Similarly, in Mexico, the gap is greater in citations than in documents. 

The differences are also greater (albeit reversely) in Argentina and Chile, with Colombia’s 

imbalance shifting from a higher percentage of documents on i4.0 than on all fields to a 

higher percentage of citations on all fields than on i4.0. In Ecuador, the imbalance ob-

served in documents vanishes in citations. 

Undoubtedly, the positive contribution of citations in the region almost exclusively 

derives from the contribution of Brazil and Mexico, which, with their singularities, as we 

discuss below, are sustaining the strength of LatAm in this thematic domain. Figure 4 

shows two scatter plots slightly clarifying the causes of the position of these two countries. 
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Figure 4. International collaborations and collaborations with the industrial sector. Source: Incites. 

In both the graphs, the size of the circles is proportional to the number of studies and 

the vertical axis is the CNCI. The results show that both Brazil and Mexico lie above 1, 

that is, the global average. In fact, Mexico has the highest impact at 1.29. The other coun-

tries lie below 1. Most noticeably, the graph on the left shows the percentage of interna-

tional collaborations, highlighting that the higher the number of collaborations, the lower 

the impact. For example, more than 70% of the research output of Venezuela and Ecuador 

consists of international collaborations, but their impact is only approximately 0.4. Con-

versely, the impact of Brazil is higher than 1, that is, above the global average, with only 

30% of international collaborations. Brazilian national output seems to be so strong that it 

requires no external partners. One of the countries outside the region that significantly 

contributes to international collaboration is Spain, which functions as a prominent partner 

of Mexico, Colombia, Argentina, Cuba, and Ecuador. 

On the right-hand side, Figure 4 shows the percentage of collaborations with indus-

trial sectors. Here, the phenomenon is the opposite: only Brazil and, to a greater extent, 

Mexico present such collaborations. The other countries fall directly on the vertical axis as 

they have no industry collaborations. Therefore, for this thematic domain, collaborations 

with industry/business sectors are more relevant than with foreign institutions. 
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Figure 5. Alluvial diagram of documents and citations. Source: Incites. 

These results prompt the following questions: how are research output and citation 

counts distributed according to the JCR journals? Do all countries display the same be-

havior? Figure 5 answers these question. The alluvial diagram, on the left, shows the re-

search output of each country and the quartile of each journal. In Brazil, most studies are 

published in Q1 journals; by contrast, in Mexico, the main volume of studies is found in 

Q2 journals. The remaining countries are difficult to assess as the flows are much smaller, 

although Argentina seems to follow a pattern similar to that of Mexico. 

On the right-hand side, Figure 5 shows the alluvial diagram of citations. In Brazil, the 

aforementioned pattern is repeated and even reinforced as Q1 accounts for approximately 

two-thirds of all citations. In Mexico, similarly, Q2 journals maintain the main flow of 

citations. Due to the limitations of this study, we are unable to delve into details about 

each of the journals in these sets, so further research is needed to identify the nature of 

this set of sources that are not top-tier jounals stricto sensu. Lastly, the diagrams were con-

structed with data on JIF quartiles of the JCR and not on the new Journal Citation Indicator 

(JCI), thus excluding ESCI articles. 

As we continue analyzing the results, the research output and citation profile of the 

two main countries begin to take shape. An interesting fact to keep in mind about the 

origin of citations refers to citations from patents. The region received 432 citations from 

patents for the entire study period, but they were only for two countries, namely Brazil 

and Mexico. The difference between them is even abysmal, with only seven citations from 

Mexican studies, whereas Brazilian patents amassed 425 citations, which is a substantial 

difference. This indicator reinforces the behavior observed in Figure 4, showing the per-

centage of industry/business collaborations. 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 August 2022                   doi:10.20944/preprints202208.0403.v1

https://doi.org/10.20944/preprints202208.0403.v1


 

Table 1. Subject areas of Brazil and Mexico. Source: JCR and WOS. 

Brazil  Mexico  

Engineering 26.80% Engineering 27.24% 

Computer Science 20.70% Computer Science 21.52% 

Multidisciplinary 15.00% Multidisciplinary 15.36% 

Economics & Business 10.15% Materials Science 11.21% 

Materials Science 8.46% Mathematics 8.86% 

Mathematics 8.24% Economics & Business 6.50% 

Physics 4.50% Physics 4.48% 

Social Sciences, General 2.58% Social Sciences, General 2.13% 

Environment/Ecology 1.56% Environment/Ecology 0.67% 

Biology & Biochemistry 0.58% Biology & Biochemistry 0.45% 

Visual & Performing Arts 0.49% Visual & Performing Arts 0.34% 

Chemistry 0.40% Chemistry 0.34% 

Literature & Language 0.27% Literature & Language 0.34% 

Clinical Medicine 0.18% Geosciences 0.22% 

Arts & Humanities 0.04% Psychiatry/Psychology 0.22% 

Plant & Animal Science 0.04% Clinical Medicine 0.11% 

 

Our detailed analysis of the thematic profile of the i4.0 research output of the two 

main countries showed that they are quite similar. Table 1 outlines the main thematic 

groups into which the different published documents fall. These thematic groups were 

formed by clustering the classic thematic categories of the JCR. The approximate reference 

percentage was included, considering that there is some degree of overlap. The first three 

clusters are the same and with highly similar percentages. The main clusters are Engineer-

ing and Computer Science, as expected. The Multidisciplinary cluster was also expected 

because this cluster encompasses many miscellaneous thematic categories from different 

fields.  

The main difference between these two countries is that Brazil has a higher percent-

age in Economics and Business than Mexico, with the latter showing a stronger presence 

in Materials Science. We can, therefore, affirm that Brazil displays a slightly softer version 

of i4.0, whereas Mexico has a more heavily industrial i4.0 research, strictly speaking. Nev-

ertheless, the profiles are quite similar and undoubtedly reflect, consequently, the profile 

of the entire region. 
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Figure 6. Top-10 institutions: documents vs. citations. Source: Incites. 

A more in-depth analysis, at the level of the institutions, shows that approximately 

196 in total produce research on i4.0, most of which with few documents. Curiously, 

among all these institutions, only one belongs to the corporate sector, that is, the Brazilian 

Petrobras. Figure 6 shows the top-10 institutions with the highest research output in a 

scatter plot. As expected, the top-10 list includes only Brazilian (green) and Mexican (red) 

institutions, albeit in an unusual manner. At the top, we find a private academic institu-

tion from Mexico: the Monterrey Institute of Technology (Tecnológico de Monterrey-Tec), 

whereas the remaining nine are mostly Brazilian public universities. 

Tec’s performance is impressive. This academic institution, with campuses through-

out the Mexican territory, is the Latin American institution with the highest number of 

documents and citations on i4.0. Accordingly, most of the Mexican strength likely rests in 

this institution, although others, such as the National Polytechnic Institute (Instituto 

Politécnico Nacional—IPN), National Autonomous University of Mexico (Universidad 

Nacional Autónoma de México—UNAM), or Center for Research and Advanced Studies 

of the National Polytechnic Institute (Centro de Investigación y de Estudios Avanzados 

del IPN—Cinvestav) also contribute to Mexico’s research output on i4.0, albeit to a lesser 

extent. In Brazil, the contribution to the field is more distributed across several universi-

ties, such as the University of Sao Paulo (Universidade de São Paulo—USP) and the Fed-

eral University of Santa Catarina (Universidade Federal de Santa Catarina—UFSC). How-
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ever, as indicated in the Introduction, the Federal University of Rio Grande do Sul (Uni-

versidade Federal do Rio Grande do Sul—UFRGS) stands out because, far from being the 

largest in Brazil, this institution amasses a large number of citations, and therefore, has a 

tremendous impact, with a CNCI higher than 3. This indicator is directly proportional to 

the size of the circles in Figure 7, which clearly shows that the other institutions have a 

considerably lower CNCI. Below, we will analyze in more detail the thematic content of 

the two most outstanding institutions. 

 

Figure 7. Keyword map of the Monterrey Institute of Technology. Source: WOS. 

Figure 7 shows a keyword map of the Tec research output. As expected, the most 

repeated descriptor is Industry 4.0, albeit surrounded by groups linked to the topic of 

modern manufacturing techniques. The topics range from smart manufacturing and 

smart factory through cyber-physical systems, design and manufacturing models, the use 

of all types of sensors for factory detection and robotization (sensing and sensing enter-

prise), collaborative engineering, and automatic systems (operator 4.0) to factories of the 

future in general. This core topic is accompanied by other softer topics such as education 

4.0, innovation, and business strategies. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 August 2022                   doi:10.20944/preprints202208.0403.v1

https://doi.org/10.20944/preprints202208.0403.v1


 

 

Figure 8. Keyword map of the Federal University of Rio Grande do Sul. Source: WoS. 

The comparison of Figures 7 (Tec) and 8 (UFRGS) shows the same center (Industry 

4.0) but a different periphery. The UFRGS also publishes content on factory of the future, 

albeit limited to the blue cluster, on the bottom-left (cyber-physical systems, manufactur-

ing control, embedded systems, etc.) and some on the green cluster (advanced manufac-

turing). Conversely, some contents are related to management in general (management, 

implementation, decision making, etc.), but the UFRGS stands out in Computing. The 

purple cluster best represents this topic; it links the IoT to cloud computing. Added to 

these are digital technology, in general, and especially, big data. The profile of both insti-

tutions is compatible with the thematic profiles of the respective countries. It would be 

interesting to deepen the thematic profile of all the institutions, but this objective is outside 

the scope of the present study. 

4. Discussion 

Considering the above, Latin American scientific output in the field of i4.0 is not only 

significant in relation to other fields researched in the region, but also has a good interna-

tional impact. Broadly speaking, the effort rate of LatAm in i4.0 is high, as well as its global 

impact.  

The countries with the best performance are, in decreasing order: Brazil and Mexico. 

These countries have a high level of industry collaboration, and Brazil receives many pa-

tent citations. Spain is an important partner of Mexico, Colombia, Argentina, Cuba, and 

Ecuador. The research output and citations of Brazilian institutions are mostly based on 

Q1 journals. By contrast, in Mexico, curiously, Q2 journals are the protagonist. The the-

matic profile of both countries is strikingly similar, with Brazil focusing more on slightly 

softer (Management) topics than Mexico, whose institutions primarily address hard (Ma-

terials) topics. 

The virtual absence of companies and corporations stands out: the entire landscape 

seems to be dominated by academia. The most outstanding institutions are the Tec and 

UFRGS. The former amasses the most documents and citations, specializing in engineer-

ing and smart manufacturing systems. The latter stands out for the high impact of its re-

search output, specializing in ICT (cloud computing, the IoT, big data, etc.) 

In future studies, we will continue analyzing the i4.0 evolution in LatAm. We plan to 

deepen the thematic profile of the main institutions to identify the specific topics with the 

greatest innovation and the authors with the greatest global impact. 
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