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Abstract: The aim of the research described in this paper is to at identify, classify, 
and explore the main concepts and their evolution related to smart technologies. 
We apply the systematic mapping study, selecting 836 studies and we synthesized 
the obtained data and produced bibliometric analysis. We discovered that most of 
the research has been oriented towards the concept of intelligent systems as the 
pioneering term of these trends, but highlights emerging terms such as: Smart 
Device, Smart Technology, Intelligent Systems that in recent years show an 
increasing trend in the number of publications. On the other hand, the technological 
advance in Big Data, Sensors and Networks has generated more research and 
development in this field. Future work may focus on research topics, such as models 
of evolution of technologies in emerging topics such as Big Data, Analytics, Internet 
of Things and its impact on some fields of application. 

Keywords: data analytics; intelligence artificial; smart device; smart systems; 
smart technology.

1. Introduction
In the current context, smart technologies are understood as the combination of 
Information and Communication Technologies (ICT) including hardware, software and 
communications systems, capable of acquiring data, analyzing, predicting behavioral 
trends and automatically adapting to support decision-making in system control.  
ICT have already changed the ways of interacting, making and understanding the 
world. This change is taking place in many aspects, where research projects every day 
incorporate technologies providing “intelligent” solutions and shows a high penetration 
and application mainly in the areas of engineering, health and education. 

Smart technologies are a generalization of the concept of smart structures (Holnicki-
Szulc, 2008). This includes systems emerging technologies such as sensors and 
autonomous systems, which allow the adaptation of systems taking into account the 
conditions of the environment in which they operate, adding intelligence to the systems. 
These technologies include artificial intelligence, big data, ubiquitous computing, 
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which are capable of automatically adapting and modifying their functioning according 
to the dynamics of the system parameters, generating information and knowledge as 
performance indicators or early warnings to support decision making. Some trends in 
smart technologies observed in development research projects are shown in Table 1.

Technology Description 

Data analytics Data analytics is composed of theory-driven mathematical models such as regression 
models, decision trees, and neural networks as well as data-driven models such as 
clustering or segmentation that support the development of data mining and machine 
learning (Cattaneo et al, 2018). Data analytics allows the development of data 
visualization, attribute selection, data cleansing, etc., to build the quality data set that 
facilitates the implementation of automatic learning algorithms to build rules that 
allow predictive analysis (Hastie et al. 2008).     

Internet of 
Things (IoT),

The IoT, Internet of objects, is the paradigm oriented to connect things and people 
through sensors, actuators and other intelligent technologies, thus allowing 
communications person to object, object to object and person to person. It is a highly 
relevant research and development topic currently arising from the integration of 
hardware and software through the Internet and other communication protocols (Lee 
et al,2019).

Mobile 
technology

Mobile technology, defined as the hardware and software that facilitates the entry and 
real-time access to information, allowing the use of these technologies to improve the 
nature of the collection, storage, documentation and distribution of information in 
different fields of application (Yamaura & Muench,2018).

Artificial 
Intelligence (AI)  

Salehi & Burgueño (2018) affirm that IA attempts to simulate people’s cognitive and 
learning ability through symbolically structured knowledge bases to solve engineering 
and business problems that cannot be solved in the traditional way with existing 
technologies combining areas such as computing, information theory, cybernetics, 
linguistics and neurology

Virtual Reality  Virtual reality (VR) refers to a computer-generated environment in which users are 
immersed (Borsci, Lawson and Broome, 2015) and are able to perceive, act and interact 
through multiple sensory channels - such as sight, sound and touch with a three-
dimensional virtual world (Borawska, Borawski & Łatuszyńska, 2018).  

Table 1 – Trends in Smart technologies.

Smart technologies are characterized by: data acquisition via technological devices or 
technological infrastructure such as sensors, cameras or others,  provides information 
to analyze, infer or identify behavioral trends based on real-time system data, able to 
learn, anticipate behaviors even reaching the ability to self-generate and self-sustain, 
at advanced maturity levels and allow sensors, databases, processing systems and 
wireless access to capture, adapt and provide collaborative environments to facilitate 
user interaction with the intelligent technological environment.

This article emphasizes the need to identify new directions and approaches for the body 
of knowledge of information technologies evolving the field of intelligent technologies 
that support the development and application in research projects in order to facilitate 
and evaluate the adoption of these in the contexts of application for which they were 
designed. Therefore, a systematic literature mapping study is presented following 
the methodology proposed by Kitchenham (2007), where the objective is to identify, 
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evaluate and synthesize research trends, research areas and application opportunities of 
these technologies making use of bibliometric analysis software tools. 

2. Methods
The design of the review protocol for the mapping study is the creation of a document 
where the rationale for the review, the research questions, their motivation, and the 
execution process is described by (Sorrell,2007). Data synthesis is the process of 
answering research questions. The whole process is non-linear and it is usually necessary 
to go back to previous steps as the understanding of the research problem increases. The 
protocol for the review is presented in the figure 1.

Figure 1 – Methodological Mapping Process.

2.1.	Defining	Scope	

The justification for the review given that the literature is numerous and there is 
evidence of an increase in publications in the last 10 years, focuses on the application 
of intelligent technologies and the identification of trends in its concept. The goal of 
the review will be the integration of concepts and their emphasis on the identification 
of application domains proposed in the literature. An organization of the information 
will be taken into account mainly by chronological and conceptually common aspects, 
assuming a neutral perspective due to the initial exploration in the topic and to clarify 
and accommodate any bias or prevailing position the author may hold. The audience 
and topic this review focuses on is the public and the way they might benefit from the 
application of smart technologies.  

The review questions defined are: 

Q1. ¿What are relevant search terms and what are the main publication forums? To 
identify the most important terms, concepts or key words for smart technology research 
and the most appropriate search steps for improving search methodologies.

Q2. ¿In what domains are smart technologies research applied? The goal is identifying 
different areas of research and development of smart technologies. It is expected to 
identify specific research topics, as well as some applications in some specific fields.

Q3. ¿How have publication amount, frequency, and research topics changed over time? 
This question is aimed at identifying interest in the area of research over time, and the 
main sources in the field. 
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Q4. How can the field of smart technologies research be structured? The goal is to identify 
key factors to build a framework to structure relevant topics in smart technologies for 
social and public applications in the future. 

2.2.	Conducting	Search

The search focused on databases mainly in Web of Science (WoS) and SCOPUS, 
prioritizing the search in the fields of Title, Abstract or Keywords. The main keywords to 
be used in the search strings are defined as follows: 

Key Term: Smart Technologies; Synonyms:  Intelligent Technologies, Smart Devices, 
Smart Systems; Narrower Terms: application, research, concept. The search began 
with the combination of strings from the most general to the most specific in each of 
the databases selected by varying the keywords and operators in order to refine the  
results obtained.

2.3. Data Preparation

In this stage, the results obtained in the different databases are combined with different 
sources (WoS and SCOPUS) to normalize the records and generate a common record 
structure. For this purpose, inclusion and exclusion criteria are defined, which allow 
for data unification rules, completeness validations, i.e. checking that all records 
have complete information and the standardization of data that all table headings 
handle the same identifier for later analysis in Excel or VOSViewer. Exclusion criteria: 
Elimination of duplicates, Empty data in author, keywords, source, abstract and Types 
of Publication:  Editorial Material, Note, Correction.  Inclusion Criteria: Publication 
year: 2008-2018, Types of Publication: Article, Conference Paper, Book, Proceedings, 
Review, Short survey.

2.4.	Classification	and	mapping	process

For this analysis 836 records are selected, which is the subsequent result of the data 
preparation process from 4983 potential records, guaranteeing a level of relevance 
of these results and the accuracy that the topic addressed in it is of interest to this 
review (Table 2). The steps to conduct the data analysis are presented through 
descriptive statistics in Excel and network maps obtained from the VOSViewer 
support software.

For the analysis of results, bibliometric network analyses are performed using the 
VOSViewer software and the report analysis tool from the Web of Science (WoS) and 
Scopus database.  The results obtained are presented below.

No. Topic Attributes Results 

1 Normalization Data Bases, Specific terms All papers 4983

2 Elimination of duplicate entries, empty records Unique papers           2278

3 Type of Publication, year, title Relevant paper 836

Table 2 – Classification.
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4. Results and discussion

R1. What are relevant search terms and what are the main publication 
forums?

For the analysis of the results, five key words have been selected in which it is evident that 
they are the most relevant and recurrent terms in the literature as they are: Intelligent 
Systems, Smart Device, Smart Systems, Smart Technology, Intelligent Technology.  In 
terms of the number of publications containing the title of some of these terms, it can be 
seen in figure 2 that the predominant terms are Intelligent Systems and Smart Devices 
with a significant difference from the others. While other terms are gaining importance 
in the literature, they are not as powerful as those mentioned. 

Figure 2 – Number publication by keyword.

Intelligent and Smart Systems involve applications and devices with human-like 
capabilities. The field of intelligent systems is an emerging interdisciplinary field that 
addresses classical fields such as systems, information and control theory, artificial 
intelligence, operational research, telecommunications, and others (Tzafestas, 1999).  
The Smart Device and Smart Technology as expose Silverio-Fernandez, Renukappa, & 
Suresh, (2018) is associated with an intelligent device as an electronic device capable 
of autonomously performing processes and connecting to other devices to interact 
with each other.  There are several concepts with this term with which you can find 
related information among which you can highlight:  Smart Metering Device, Mobile 
Computing Device, Mobile Device, Handheld Device, Smart Objects, Mobile IT Device, 
Smart Terminal Device or Smart Tablet Device. There are also other terms such as 
ambient intelligence, hybrid intelligent systems, smart machine, connected devices, 
which emerge in literature recently as shown Figure 3.  

On the other hand, it is possible to identify predominant trends in smart technologies, in 
the figure 3 y figure 4, mainly in artificial intelligence, data analysis, human interaction, 
computer and internet of things, which are described below and for each one we present 
its concept, related terms and some challenges and opportunities.
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Figure 3 – Network Map-keywords.

Artificial Intelligence (AI) 

AI can be interpreted as the simulation of the human intellect through computerized 
systems that perform the function of analyzing a situation, choosing an optimal solution, 
etc. (Voronov, 2007). In the searches we found that the key issues related to artificial 
intelligence are: Control, Robotics, Mechatronics, Image Processing and Computer 
Vision, Machine and Depth Learning, Fuzzy Logic. 

Currently there are many areas of Artificial Intelligence that are being researched today. 
Among them, Moret-Bonillo, V. (2018) proposes:  Knowledge representation, Automatic 
learning methods, agents and multi-agents, voice and image processing.

Internet of Things

The Internet is rapidly moving towards the integration and interaction of objects, sensors 
and computing devices that communicate with each other, exchange information, 
generate aggregated knowledge and enable the rapid development of new advanced 
services for the end user (Puliafito et tal, 2012). In the searches we find that the key 
topics related to IoT are: Cybernetic Systems, Autonomous Systems, Intelligent Sensors, 
Networks.  (Hussain, 2016) proposes that the main challenges and research opportunities 
in IoT are: Heterogeneity, Interoperability, and Scalability of Applications

Human-Computer Interaction 

The fundamental objective of human-computer interaction is to involve aspects such as 
users, system functionality, accessibility and technology are taken into account, which 
are taken into account for the design of user-centered interfaces to develop usable, 
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secure and efficient computer systems. In the searches we find that the key issues related 
to Human-Computer Interaction are: Ubiquitous computing, interface design and 
user-centered design.  As a challenge in this area explains (Lazar et al, 2017): Beyond 
traditional computing is understanding how users interact with technology throughout 
all aspects of their lives.

Data Analytics

Data Analysis allows organizations to become proactive, forward-looking, anticipating 
results and behaviors based on data rather than on a hunch or assumption (Kannan 
et tal, 2018). Databases, Large Data, Business Intelligence, Data Mining, Predictive 
Analytics are the related terms for Data Analysis. (Latif et tal, 2017) presents several 
factors that affect large data and data analytics, but security, privacy and accuracy are 
the key aspects to consider.

Figure 4 – Key Terms and Challenges in Smart technologies.

Q2. In what domains are smart technologies research applied?

To answer the question of which smart technologies were addressed in domain research, 
all results were counted in total and per topic area. Figure 5 shows the number of 
publications by area. This section identifies applications, models, frameworks or devices 
taking into account the five terms used in this review relating to areas in which there is 
research evidence.

Figure 5 – Research Domain.
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Health, Software and Industry are the domains where is the mostly of application in 
these technologies with AI and Sensors mainly (figure 5). In education the themes of 
mobile device and augmented and virtual reality are relevant. In health and energy, 
artificial intelligence and sensors have application and, in the industry, the theme of 
networks and artificial intelligence predominates as shown in Table 3.

Technology Trend Industry Health Education Energy

Mobile 42 32

Artificial intelligence 100 73 29

Networks/ sensors 70 27

Reality Virtual/ Augmented 23

Table 3 – Matrix Technology Vs Application Area.

Energy

Smart grid technologies can be defined as stand-alone systems that support electrical 
systems (generation and distribution) in a sustainable, reliable, safe and quality 
manner (Gungor et tal, 2011). Intelligent energy networks are made up of devices 
capable of performing efficiently from an energy point of view and with the capacity 
for communication and remote control (Avancini et tal, 2019). Some of the enabling 
technologies and methodologies to address complex energy challenges include 
distributed computing, high-performance computing, and self-organized sensor 
networks (Vaccaro, et tal 2019).Some applications of smart technologies in energy are:  
Simulation of the electricity market model, of customers, identifying demand peaks 
versus supply shortfalls, generating value to data obtained from customers and actively 
controlling the electrical load, Wen et al (2016).Price Forecasting, the daily prediction 
of the market compensation price (MCP) in the markets. (Amjady and Hemmati, 2009).
Designing a contract model of the weather derivatives between energy utilities (Fujita & 
Mori, 2012).

Challenges

The security aspects given that the measurements are used for real-time network 
monitoring as mentioned by Zseby, T. and Fabini, J. (2014). Standardization of data and 
database structures and interoperability, Zhang, Y., Huang, T., & Bompard, E. F. (2018). 
Some of the legal challenges, Basic issues include the protection of critical information 
infrastructure, intelligent networks and large data and the use of cloud computing 
Kasper, A. (2014).

Education

In education there is a marked trend in the use of mobile devices and the use of augmented 
reality to improve the user experience, and thus improve teaching and learning processes 
through simulated environments.  Mobile learning (M-learning) is a learning mode that 
uses smartphones, phablets, tablets, netbooks or notebooks as mediators of the teaching 
and learning process and is part of e-learning. As (Yousuf, 2007) points out, M-learning 
is “more interactive, with more contact, communication and collaboration with people”. 
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The Virtual reality (VR) enables dynamic other forms of learning (Davidekova, Mjartan 
& Gregus,2017). The users can make use of a range of ways of interacting with virtual 
worlds. Accordingly, the real-time interaction between different students leads to 
genuine co-operative learning. (Sánchez, Barreiro, & Maojo,2000). “At first sight these 
affordances seem ideal for teaching almost any skill, and the increased immersion 
offered by new VR technology seems well suited for successful educational approaches 
and theories such as constructivism, active learning, or simulation-based learning” says 
Jensen& Konradsen (2017).

Q3. How have publication amount, frequency, and research topics changed 
over time?

The distribution of the 836 studies selected for analysis. According to our analysis, most 
of the studies are published in a magazine (41%) while in conference (54%), having 
these major sources of publication, in contrast the publications of books and reviews are 
quite limited with around 2% and 3% respectively. Regarding the evolution of concepts 
as shown figure 7 the term intelligent systems is the most popular and of which more 
information is found in the literature, we can say that it was the first of this body of 
knowledge, but once technology is evolving other terms have gained importance. The 
term Smart Device shows a tendency in the increase of publications since 2014, the term 
smart technology in the last three years shows significant increases, while intelligent 
systems are stabilizing without showing significant increases last three years.The results 
clearly show that smart technologies are an area of research that is experiencing a 
significant growth reflected in the dynamics of publications and citations which have 
multiplied by three from 2012 to 2017 showing a more notable growth between 2013 
and 2014 where production doubled and then has been growing steadily around 20% 
between 2015 and 2017 as shown in Figure 7. As can be seen, publications with the 
adjective intelligent (systems, or technologies) are the most frequently cited according 
to the fact that these are the terms that have been the most recurrent in the literature. 
On the other hand, it should be noted that a term such as smart device, although until a 
few years ago it has become popular is found with publications with several important 
citations and the term Smart technology is increasing its visibility in the literature.  

Figure 6 – Evolution of concepts.
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Q4. How can the field of smart technologies research be structured?

There are clearly identified in the literature large sets of technological trends that 
predominate in this area of research as shown Figure 8, Mobile, Artificial intelligence, 
Analytics, Virtual and augmented Reality. 

We can also establish the correlations of these with the key terms, for example: The 
term Smart device is closely related to mobile technologies, networks and virtual reality, 
The term artificial intelligence with the technologies of Fuzzy, Deep Learning, Machine 
Learning, Optimization, Robotic and Analytics with Big Data, Datamining, Databases. 
And generally, the term “systems” has a high relationship with software technologies 
and the term “device and Technology” with hardware technologies.

Figure 7 – Relationship between keywords and technologies.

5. Conclusions
It is possible to affirm that, although the topic of smart technologies is a relevant topic 
given the flow of information in the last decade, the existence of diversity of relevant 
terms given the technological development and that certain tendencies are consolidating 
in this field. Few publications focus on literature reviews, or systematic mapping, 
providing elements for the identification of trends in the field of research, areas and 
types of intelligent technologies in a comprehensive way in this field that is growing 
every day. Due to the emergence of new intelligent technologies, new challenges can be 
identified depending on the technologies, for example for artificial intelligence, issues 
such as advanced statistical techniques and the use of agent-based architectures, in data 
analytics privacy and security issues become relevant in the advancement of this body 
of knowledge.

This work provided a holistic exploration related to the so-called smart technologies, 
the largest presence is related to technologies associated with sensors, smart-grids, 
smartphones, control and automatic and optimization. When analyzing by relevance of 
the terms appear others such as the theme of internet of things (IoT), internet and grid. 
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The analysis of terms also shows that the practices are oriented to innovation, adoption, 
evaluation, measurement of impact through experiences, case studies or services 
predominantly from the application of prototypes or devices in research areas.
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