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Abstract. This article analyzes the evolution of artificial intelligence research from the 
bibliometric perspective. Bibliometrics, as one sub-field of scientometric, is defined as the use 
of statistical methods for analyzing publication data. A total of 8334 papers were identified 
divided into two periods, 2010-2014 and 2015-2019. To recognize the trends of artificial 
intelligence research, bibliometric analysis and social network analysis are combined to judge 
the current situation and development trends. The results revealed the keywords with the highest 
occurrence and those with the strongest linkage strength from cluster analysis. Moreover, the 
study of artificial intelligence was found to be an active field of growth, and the words that 
control the knowledge area were identified. The results of this study will facilitate the 
understanding of the progress and trends in artificial intelligence for researchers interested in 
understanding its evolution. 

1. Introduction 
In the results generated at the international level [1], a literature review from 1990 to 2017, 97% of the 
literature focuses on the internet of things (IoT) and artificial intelligence (AI); more specifically, 55% 
of the literature focuses on AI and 42% of the studies focus on IoT. This observation allows identifying 
that the main technologies used are essentially IoT and AI [2-6]. 

To analyze the trends of artificial intelligence research [7-11], bibliometric analysis and social 
network analysis are combined to analyze and judge the current situation and development trends 
[12,13]. Social network analysis is a powerful model of social structure integration [14,15], , which has 
some important formal aspects of analyzing networks and their participants [16]. Important tools in the 
face of the large growth of academic papers related to artificial intelligence [17,18]. 

When combined, bibliometrics and socialization network analysis can explore the development of 
artificial intelligence; influential journals; the most important researchers; keywords, among other 
characteristics [19]. Using bibliometric and social network methods, this study produced a quantitative 
and qualitative analysis of the most popular topics in artificial intelligence in recent years. The present 
article focuses on the analysis of written texts, published in journals indexed within WoS Clarivate, 
considered as the most influential and reliable database [16]. 

The document is structured, the first section introduces; the second section presents the methodology, 
the third section, bibliometric analysis and a social network analysis around artificial intelligence are 
presented, and finally, the results and suggestions. 
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2. Methodology and materials 
The selection of the papers arises as a result of the search expression: subject: ("artificial intelligence") 
or subject: ("AI"). Period: 2010-2019. Indexes: sci expanded, Ssci, A&Hci, Esci within the WoS Core 
Collection. A total of 8334 documents were identified, which, for the study, will be divided into two 
periods, 2010-2014 and 2015-2019. For the period corresponding to the years 2015-2019, a total of 6151 
are identified; for the period 2010-2014, the number of documents is 2183 records. 

The bibliometric analysis supports the quantitative analysis of scientific knowledge by using 
mathematical, statistical, and visual approaches to generalize research patterns and trends in scientific 
publications [16]. For the development of this article, the methodology adapted from Table 1 is 
presented. This combines methods and tools of network visualization and social network analysis. These 
methods are complementary and contribute to the qualitative and quantitative approaches. 
 

Table 1. Summary of implementation of the article's methodology. 
Phase Summary 

Research question What is the semantic structure of AI research? 
Identification of sources Web of Science (WoS) 
Metadata extraction Periods 2015-2019 (6151) and 2010-2014 (2183). Batches of 500 

complete records with cited references. 
Display of test networks Keyword cooccurrence network visualization (2010-2019). 

Keyword network overlay map (2010-2019). 
Data mining and record cleaning Thesaurus construction for debugging 34 duplicate tags 
Definition of units of analysis Keywords indexed by the database (Keyword Plus) 
Definition of types of bibliometric 
analyses Co-word analysis (Cooccurrence of indexed keywords). 
Network map visualization 
(normalization, distribution, and 
clustering). 

Standard VOSviewer displays parameters for normalization, 
distribution, and clustering.  Minimum cluster size: 20 nodes. 

Estimation of network centrality 
indicators. 

Indicators are calculated as follows: 
Complete network: (density) 
Nodes (centrality, proximity, and intermediation) 

Comparative AI analysis of the summaries Overlay map of terms extracted from document abstracts. 

3. Results and discussions 
The WoS search yielded the metadata used to perform the bibliometric analysis of co-occurrence of 
keywords using the VOS viewer software and derive a map in which the structure of the field of 
knowledge is visualized. Cooccurrence is frequently used in scientometric analysis due to its 
multiplicities of purposes, such as co-authorship and co-citation [20,21]. In the case of co-occurrence of 
keywords, the words that have been used together in the sample are analyzed and from there the 
characteristics of the structure of the field of knowledge are inferred. The sample of articles to be 
analyzed presents 8192 keywords, to which, as a simplification and stratification criterion for the 
construction of the map, the minimum of 20 occurrences was defined, obtaining 134 keywords with 
3434 connections that meet this principle, which is represented on the maps as circles with their labels, 
which according to their occurrence, determine their size and which are connected by lines that evidence 
the strength of the link between terms according to their thickness [20,21], see Figure 1. 

From the results obtained from the number of occurrences of the keywords, Table 2 shows the 22 
words with the highest number of occurrences in the sample, headed by "models" and "systems" with 
692 occurrences each. The concept "models" shows its importance, following the definition of the 
concept proposed by Pidd [22], as a representation of a reality conceived for a particular purpose, the 
conceptual basis of artificial intelligence.  

In the same way, the word "system" implies the vision of an interconnected whole [23,24], which is 
intended to be represented using models and the application of artificial intelligence techniques. The 
words "algorithms" (510 occurrences), "neural networks" (462 occurrences), and "genetic algorithms" 
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(194 occurrences), have participation as instructions that guide the computational steps for a specific 
purpose. The terms "classification" (342 occurrences), "optimization" (312 occurrences), "prediction" 
(274 occurrences), "recognition" (132 occurrences), "identification" (116 occurrences), "selection" (116 
occurrences) and "diagnosis" (113 occurrences), are present as the main applications of artificial 
intelligence techniques. 
 

 
Figure 1. Keyword cooccurrence network map. 

 
Table 2. Cooccurrence of keywords. 
Number Keyword Occurrence Number Keyword Occurrence 

1 Models 692	 12	 Genetic Algorithms 194 
2 Systems 692	 13	 Framework 188 
3 Algorithms 510	 14	 Recognition 132 
4 Neural-Networks 462	 15	 SVM 131 
5 Classification 342	 16	 Management 127 
6 Design 334	 17	 Internet 117 
7 Optimization 312	 18	 Identification 116 
8 Prediction 274	 19	 Selection 116 
9 Networks 272	 20	 Diagnosis 113 
10 Performance 200	 21	 Knowledge 103 
11 Ai 199	 22	 Information 100 

 
Figure 2 provides information corresponding to the average year in which the term has been used as 

a keyword. This Figure 2 gives an orientation concerning the validity of the terms and their evolution 
over time using a classification on a color scale that goes from white to purple, with the terms 
represented in white having an older average publication value and in purple the most recent ones. The 
time window analyzed is from 2000 to 2019, in which it is observed that some of the terms with the 
highest occurrence ("models" and "systems") are represented in white, which has two connotations, the 
first, that these terms have not been used recently in scientific publications, and the second that the terms 
have been used since long ago to identify scientific publications, which affects their average. 
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The terms such as "optimization", "prediction", "design", among others, have been used in the 
academic spectrum for several decades, showing the maturity of these topics. From the map, it is 
possible to extract terms such as "challenges", "health care", "deep", "images", "scale", "signals", 
"validation", which show an average publication value of 2017, and the term "IoT" which presents an 
average publication value of 2018, which shows them as the most recent topics or emerging topics that 
are catching the interest of researchers. 

The crossword analysis matrix in Table 3 shows the existence and strength of links between the 10 
keywords with the highest co-occurrence strength; Table 3 shows the total linkage strength of each of 
the keywords, which indicates the total number of connections that the word has with the other words 
within its knowledge network, for example: "models" has a total linkage strength of 1543, "systems" 
has a total linkage strength of 1510, "neural networks" has a total linkage strength of 1082. By relating 
the terms, we can see the strength between them, which indicates the number of times they appear 
together in documents of the analyzed sample, which offers a particular view of the knowledge field.  

The term "models" shows the highest cooccurrence link strength value for the terms "systems" (114), 
"neural networks" (85), "prediction" (67), "networks" (37), and "performance" (43), highlighting the 
trend towards the representation of systems and their usefulness in the development of network analysis, 
seeking to predict results and improve network performance. The term "systems" shows the highest 
cooccurrence linkage strength value for the terms "algorithms" (74), "design" (53), and 'optimization" 
(57), confirming its character of the representation of structures, using algorithms, for design and 
optimization purposes. 

The socio-centric analysis is performed with the data values for a degree, density, and distance that 
Ucinet has normalized, the joint word matrix was imported, and treatment was applied to the data by 
generating a new matrix using the "Transform>Dichotomize" function. This treatment generates, as a 
result, a focus on the existence or not between AI topics. The generated matrix is used as input for 
subsequent analyses. In addition, the function "Network>Complete Network and Cohesion>General 
Density" was applied. Based on this, the density of the co-word network is estimated. The value obtained 
corresponds to 0.385 with a standard deviation of 0.487. This value shows that taking as a model the 
network or word system of Figure 1 and Figure 2, the AI research domain is still a developing area of 
research and presents opportunities for further study. 
 

 
Figure 2. AI research terms network overlay map. 
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Table 3. Matrix of crossword analysis. 
 M S N-N A C D Pr O N Pe 
M 1543	 114	 	 	 45	 	 	 	 	 	
S 114	 1510	 	 	 	 	 45	 	 	 	
N-N 	 	 1082	 	 	 	 	 28	 0	 	
A 	 	 	 994	 	 	 	 	 	 0	
C 45	 	 	 	 811	 0	 	 	 	 0	
D 	 	 	 	 0	 727	 0	 	 	 	
Pr 	 45	 	 	 	 0	 714	 	 0	 	
O 	 	 	 	 	 	 	 681	 	 0	
N 	 	 0	 	 	 	 0	 	 514	 0	
Pe 	 	 	 0	 0	 	 	 0	 0	 473	
M = Models; S = Systems; N-N = Neural-Networks; A = Algorithms; C = Classification 
D = Design; Pr = Prediction; O = Optimization; N = Networks; Pe = Performance 

 
The topic of "micro-worlds" networks offers a structural perspective in parallel to other existing 

perspectives, such as quantitative studies of social network. Specifically, a micro-world is defined as a 
network in which the typical distance between two nodes grows proportionally to the logarithm of the 
number of nodes "n" in the network. These micro-worlds can be classified according to two independent 
structural characteristics, namely the clustering coefficient and the average distance between nodes or 
geodesic distance. Based on this background, a distance-based micro-world analysis is performed using 
the function "Network>Cohesion>Geodesic distance". It is shown that the estimated score for the 
average distance within the co-word networks in IA is 1.615 with a standard deviation of 0.487. 
Consistent with the finding of Swanson [23,24], when the average distance is less than 6, there is a 
"micro-world" characteristic. This finding can be interpreted as an indication that the study of AI is a 
growing field of the asset. 

The analysis of centrality was carried out using the indicators of the degree of centrality, closeness, 
and intermediation. The degree of centrality suggests that nodes that have more connections in a network 
may have a greater influence on the network. For the estimation of the degree of centrality, the function 
"Network>Centrality>Degree" was implemented. It is identified that the problems most frequently 
addressed by AI are optimization (0.797) and prediction (0.805), for performance estimation (0.767) 
using neural networks (0.902), see Table 4. As a complement, the function 
"Network>Centrality>Closeness" was implemented. Closeness is calculated as the inverse of the 
geodesic distance between nodes and shows that certain AI research topics are referred to or used 
simultaneously within the published papers. Based on the indicators in Table 4, it is identified that the 
words with the closest proximity coincide with the words with the highest degree. Based on this, it is 
inferred that this group of words shows the research core of this discipline. 
 

Table 4. Summary of centrality measures of the most influential topics in IA. 
Word Standardized grade Proximity Interrelation 

Models 1.0	 1.0	 3.937	
Systems 0.985	 0.985	 3.811	
Algorithms 0.940	 0.943	 3.355	
Neural-Networks 0.902	 0.911	 2.901	
Networks 0.857	 0.875	 2.525	
Optimization 0.797	 0.831	 2.079	
Prediction 0.805	 0.836	 2.002	
Performance 0.767	 0.811	 1.759	
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4. Conclusions 
The results showed that there is an increasing amount of research on the topic in recent years. From the 
map, terms such as "challenges", "health care", "deep", "images", "scale", "signals", "validation", which 
show an average publication value of 2017, and the term "IoT" which presents an average publication 
value of 2018, which shows them as the most recent topics or emerging topics that are catching the 
interest of researchers. The concept "models" shows its importance as a representation of a reality 
conceived for a particular purpose, the conceptual basis of artificial intelligence. The term "models" 
turns out to be the one with the highest value of the strength of co-occurrence links. When the average 
distance is less than 6, there is a "micro-world" characteristic. 

This finding can be interpreted as an indication that the study of AI is a growing field of the asset. In 
the degree and closeness analyses, the nodes design (2.438), classification (2.285), framework (2.036) 
emerges with the highest values of "interrelation". This means that the identified terms played an 
important role in the artificial intelligence study and that they have the highest control over the research 
topics in the whole network. It is necessary to continue with the bibliometric analysis of other 
technologies such as the internet of things, big data, and cloud computing. Achieving at the end a 
complete and integrated analysis of the trends around the smart university. 
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