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Abstract

In recent years, the concept of the Internet of Things (1oT), its different models and emerging conceptual frameworks, have
offered new opportunities for the integration of technologies into everyday life. Although initially based on the notion of the
link between a physical device, its counterpart in a virtual environment and the technological aspects of that relationship,
loT-based wearable devices now offer multiple contributions to all types of users, from professionals and organizations to
ordinary people. However, there are inaccuracies, abundant definitions, limited clarity in terms of trends, benefits,

components, challenges and future lines of research. In this sense, a mixed literature review study was conducted. The mixed
design, of dominant type (CUAN-qual), was composed of a quantitative analysis of bibliometric type and a qualitative
analysis of thematic type and embedded in the first one. Data are provided on the main trends observed in the bibliometric
indicators studied, a synthesis of some qualitative indicators of particular relevance and pertinence. In addition, future lines
of research are presented to address strengths and challenges in this field.
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collects through sensors and other components, is commonly
. referred to as Internet of Things (10T). (1-3).

1. Introduction Related concepts have grown in popularity and exploitation
. . . capabilities recently, so that the link between physical

Today, technological and social advances have made it geyices, virtual environments and the interaction between the
possible to establish the e-era in most contexts, so that g represents an important platform for education. (4) (5) (6)
electronic dewce_s connected to Internet servers greacommon (7) (8) (9) (10)(9), research (11); health care (12) (13) (14)
accessory, of dglly use and, fgr some pgople, wreplaceaple. (15) (16) (17) (18) Data mining and decision making (19) (20)
The general notion that comprises the existence of a physical (21) (22) (23) (24); the construction and study of social
device, electronic in nature, that is connected to share data it atworks in virtual environments (25) (26) (27) (28) (29)
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(30)among others. Especially in the health area, where 10T
has its own "universe", multiple fields such as rehabilitation,
nursing, control of variables (pain, vital signs, quality of the
environment), generation of databases for the study of clinical
trials, among others, can be appreciated. (31) (32) (33) (34)
(35) (36) (37) (38) (39) (40) .

It should be noted that as a concept with multiple
technological and commercial applications, 10T is a growing
field with several billion-dollar industries associated with it.
(41). Itis not only about the production of its components, but
it ranges from applied nanotechnology to process control
devices or environmental properties that, in both cases,
materialize in devices that contribute significantly to the
quality of life of human beings (1,42,43).

However, although apparently simple, this concept involves
many complex aspects and there are numerous definitions in
the literature, which has resulted, among other concomitant
causes, in lower growth than expected in the previous decade.
(1). Among these causes is that, although loT technologies
lower the costs of services and offer multiple functionalities,
they are still expensive to produce, especially in terms of the
development of biosensors and the technological
infrastructure for their application (41,44,45). (41,44,45).
Other elements noted in the literature are challenges related
to data security and privacy, social acceptance of the
technology, strict latency, noise (data distortion) and the short
battery life achieved by portable devices (46-49). Despite
these difficulties, its main contribution is the realization of the
concept of portable device or ubiquitous service (46,50-
52)which forms the basis of imaginable and near futures such
as smart cities (52). (52)Smart farming (53)Smart houses
(1)and other technological environments regulated by the 0T
concept and executed by portable, embedded, aggregated and
interconnected devices (54-56). (54-56).

Precisely, although doorbells and smart cameras, air
controllers and other similar devices have become popular
and integrated into everyday life, wearable devices are the
main trend in terms of technological integration through loT
(1,4,19-21). Particularly in the health sciences, multiple
possibilities have been found for the exploitation of wearable
devices, since they can measure vital signs in real time;
extract data for the detection of infections and proteins;
record complex variables such as medical adherence or warn
of safety risks (57-60).

These services have also been used to measure the
performance of athletes, recovering patients, professionals in
adverse conditions and other populations. Even so, the
literature points to the need for further research on the
improvement of the services and their commercialization, the
integration of the Al revolution, as well as their digitization
and sustainability (61-64). Currently, wearables are produced
in different formats such as bands, devices placed on wrists
such as smartwatches or patches, headgear devices such as
eyeglasses or hats, textiles and chest devices (41).

Because of its broad potential, both for the general population
and for research and development of new technologies and
integrated systems for decision making as a key source of data
for the construction of knowledge. (65)an advanced
bibliometric study is needed to identify the main trends in the

study of wearable devices using 10T. To this end, the main
trends in bibliometric indicators were analyzed, the patterns
in these indicators were analyzed, and a general approach to
this field of study was made to obtain a comprehensive
overview, knowledge gaps, novel ideas and generate an
approach to future contributions. (66-68).

2. Methods

In view of the purposes stated in the introduction, a mixed
approach of systematic review of a dominant type was
adopted, a decision taken in order to achieve a quantitative
analysis as the main study, while the qualitative approach
would be embedded and would allow a thematic analysis,
similar to other studies with this approach. (66,69,70). This
decision was made to complement the weaknesses of
bibliometric designs and qualitative literature reviews, given
that the former do not favor the triangulation of qualitative
data and in the latter case bias is generated precisely due to
drawing conclusions based on the authors' interpretations
(66,71). (66,71) (72) (73) (74).

For the quantitative study, bibliometric analysis was selected
as the methodology based on the following indicators: goals,
criteria for use, scope, volume of the data set, and types of
analysis. (66) (75) (76) (77) (78) . The selection was mediated
by the fact that it aimed to synthesize large amounts of
bibliometric data, with a broad review scope because the data
set was too voluminous for manual reviews and the active
character of the field expressed in rapidly growing literature
(66,67).

The design of the research questions was based on the
proposal of similar studies (67). (67) (79) (80) (81) (82) (83)
(84)was aimed at clarifying the specific procedures of
bibliometric analysis and their significance. Trends, areas,
types of scientific production and collaboration, as well as the
most frequent institutions and sources were explored (see
Table 1).

Table 1. Questions and contributions to the study.
Questions Contributions to  the
bibliometric study
Interpret past and future

What are the top

publishing and citation | patterns in loT AND
trends in loT AND | Wearables.
Wearables?

What are the main areas of
publication and citation of
loT AND Wearables

Identify key areas and for
future studies

studies?

What are the most | Identify the most
common types of | appropriate designs for
scientific manuscripts and | scientific production and
what kinds of | communication, as well as
collaborations  produce | the best ways to organize
them? research teams in loT AND

Wearables.

Which are the institutions
and journals most

Contribute to the
identification of future
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sources of collaboration for
scientific projects, selection
of areas or problems related
to the lines of research.

The search strategy was based on an advanced search in the
Scopus database, with a defined time frame (2013-2022),
without restrictions in terms of auxiliary indicators (language,
geographic region, type of text, domain). For this purpose, the
search command TITLE-ABS-KEY ("Internet of Things" OR
"loT") AND TITLE-ABS-KEY (wearables) was used.

The bibliometric analysis was produced in three dimensions;
performance analysis, science mapping, and network analysis
(66). This design made it possible to analyze the impact of
citations weighted by field; the total number of authors,
documents and citations; the number of citations per
document; authors, institutions and sources; as well as topic,
cluster and co-occurrence analyses of terms (85) (86) (87).
For network analysis and data representation, the VOSviewer
software and the SciVal tool were used, similar to preceding
studies (88).

The thematic analysis was carried out in an embedded manner
in the main study and its main objective was to explore the
main trends within a small selection of texts, similar to
previous studies (89). (89) (90). To this end, 10 articles were
selected according to two fundamental criteria: relevance and
pertinence.

The body of texts was studied through four a priori selected
topics of interest: benefits and contributions of technology,
types of devices and formats, technological-conceptual
components and challenges. For this purpose, the authors
selected from sets the texts in the sample (n=10), coded
fragments of texts (coding) and synthesized these fragments
according to the common elements and themes initially
selected (categorization), until no notable new information
was found.

interested in scientific
production in the IloT
AND Wearables area?

3. Results and Discussion

Bibliometric analysis

The first analysis performed was that of total publications,
authors and citations. These metrics were explored in terms
of temporal trends, with an increasing trend until the early
2020s, where a shift towards stabilization of total scientific
production is seen (see Figure 1).

In global terms, a total of 1341 documents were retrieved,
produced by a total of 4568 authors, resulting in
approximately three authors per document.

In terms of total citations, this metric, together with the
analysis of temporal trends, provides a clear indication of the
vitality of the field (IoT + Wearables), reaching 24670 (18.4
citations per document). However, the main evidence of the
impact of the research analyzed and its visibility is found in
the Field-Weighted Citation Impact, with a value of 2.13,
which implies that these have been cited, on average, more
than twice the expected citations.

These results are in contrast with data consulted in the
literature, which states that growth was lower than expected
in the previous decade. (1). However, it is necessary to
understand the delay between scientific production, R&D
results in the industry, and the effective commercialization of
these advances, which is evidenced by the growing
attractiveness and potential applications of 10T systems (49).
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Figure 1. Scientific production by quartiles.

Regarding the type of scientific communication, the data
show a considerable majority of conference papers, followed
by original research articles (see Table 2). Other studies
consulted do not emphasize this type of metric, which could
shed light on the current stage of the field. These results point
to a period of consolidation, with a predominance of transfer
over original production, which highlights the boom of the
field, a fact contrasted in the volume of texts placed in Q1
according to ScimagoJR.

Table 2. Types of publications.

Publication types | Ndoc
Conference Paper | 657
Article 435
Chapter 119
Review 81
Conference Review | 22
Editorial 11
Book 10
Note 2
Others 4

The geographical analysis also shows that this vitality has not
been regional in nature, but that there is a significant
dispersion, although in terms of countries, Europe, the Middle
East and India stand out regionally (see Figure 2). Latin
America and Africa are the regions least interested in these
technological systems, which could be explained by the costs
associated with the production of biosensors and other
technological components required for IoT + Wearables
integration. In terms of countries, the USA stands out with a
total of 308 publications, which, together with Canada, makes
North America a leading region in the study of the field.
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Regarding authorial collaboration, a significant fact is the low
frequency of texts produced by a single author, with only
8.5% (see Figure 2). This highlights the complexity of the
research designs and processes, which, coupled with the
distribution of research areas and disciplines involved in the
study of 10T + Wearables. Another noteworthy fact is that,
despite the predominance of institutional collaboration in

total number of documents, the FWCI (3.16) shows that the
citation of international collaboration in this field is much
higher than expected, while national and institutional
collaborations exceed the anticipated citations by 88% and
91%, respectively (see Table 3).

Table 3. Distribution of author collaboration by subtypes.

Type of Ndoc %Ndoc Cpd FWCI
collaboration
International 356 26.5% 29,4 3,16
collaboration
Only national 333 24.8% 14,4 1,88
collaboration
Only institutional 514 38.3% 15,2 1,91
collaboration
No collaboration 114 8.5% 14,2 11

As for the most outstanding institutions, the predominance of
academic centers stands out, with 119 of the total of 151
documents produced by the top 10, for 79.33% (see Table 4).
In this section, the FWCI of the articles produced by IBM

(N=18) stands out with a value of 3.59, in addition to a total
number of citations of 533.

Table 4. Top 10 institutions.

Institution Sector Country Ndoc FWCI Ncit

Anna University academic India 30 1,67 112

Tampere University academic Finland 20 2,64 426

IBM corporate | United States 18 3,59 533

Intel corporate | United States 13 1,71 203

Amity University, Noida academic India 12 1,49 34

Karlsruhe Institute of Technology academic Germany 12 1,77 190

Swiss Federal InzsljlrtlLéthe of Technology academic Switzerland 12 3,21 386

University of ”ImQ'S at Urbana- academic | United States 12 1,46 152
Champaign

Vellore Institute of Technology academic India 12 4,92 108

Georgia Institute of Technology academic | United States 9 2,93 198

In terms of the main sources, the top 20 in Scopus  (Q1 Analytical Chemistry by SIR 2022), includes a total of

demonstrate the interdisciplinary vitality of the field. The first
in terms of total number of documents and citations, Sensors

six areas and seven categories, ranging from chemical,
medical, physical, information systems, electrical and

EAI Endorsed Transactions on
Internet of Things
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electronic engineering disciplines. As for those with the
highest FWCI, Electronics (Q2 Computer Networks and
Communications by SJR 2022) covers two areas (computer
science and engineering) and five categories, while IEEE
Access (Q1 Computer Sciences SJR 2022) and Intelligent
Systems Reference Library (Q4 Computer Sciences SJR

2022) cover three areas and an equal number of categories,
spanning  computer  science, information  systems
management, materials science and engineering. It is worth
noting that, of the 20 sources, only 5 received a citation below
the world average (see Table 5).

Table 5. Top 20 Scopus sources.

Scopus Source Ndoc | FWCI Ncit
Sensors 49 1,94 1222
IEEE Internet of Things Journal 29 2,75 1048
IEEE Access 28 6,59 3267
Lecture Notes in Computer Science 27 0,87 128
ACM International Conference Proceeding Series 26 0,7 137
Advances in Intelligent Systems and Computing 15 1,73 85
Communications in Computer and Information Science 11 0,7 21
Lecture Notes in Electrical Engineering 10 2,93 29
Lecture Notes of the Institute for Computer Sciences, Social-Informatics and | 10 0,62 34
Telecommunications Engineering

Proceedings of the Annual Hawaii International Conference on System | 10 19 27
Sciences

EAI/Springer Innovations in Communication and Computing 9 2,18 37
Lecture Notes in Networks and Systems 9 1,31 12
Computer 8 1,59 187
Electronics (Switzerland) 8 3,26 559
CEUR Workshop Proceedings 7 0,16 3
International Congress on Ultra Modern Telecommunications and Control | 7 1,8 40
Systems and Workshops

IEEE Sensors Journal 6 1,42 83
Intelligent Systems Reference Library 6 5,98 95
Proceedings - Electronic Components and Technology Conference 6 3,9 83
Wireless Communications and Mobile Computing 6 1,71 57

These data highlight the multidisciplinary nature and
interdisciplinary trends of the field, with a special link
between the areas of computer sciences and engineering (see
Figure 3). However, it is necessary to deepen these
relationships, as the applied clustering procedure revealed a
higher agglomeration in the areas of mathematics, computer
sciences and physics, with a lower development in medical

Decision Sciences (10.3%)

Social Sciences (6.9%)
Medicine (10.1%)

Biochemistry, Genetics and
Mo... (5.7%)

Energy (5.3%)

Engineering (50.0%)

and health sciences, as well as in chemical sciences (see
Figure 3). A possible hypothesis to explain this distribution
has to do with the important basis provided by mathematical
models for the development of loT systems and their
refinement through learning techniques, which could
diminish the impact of research lines directly related to
Wearables.

Computer Science (72.4%)

Mathematics (11.09%)

Physics and Astronomy (13.9%)

o

Materials Science (9.9%)

Figure 4. Subject areas.

Chemistry (5.3%)
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Figure 5. Themes and thematic clusters.
highlights several of the benefits identified in the literature,

components, models and learning systems, as well as
challenges. This co-occurrence of terms was used for the
embedded qualitative analysis and the design of the four
fundamental themes elaborated a priori.

The visualization of the co-occurrence of terms supports these
previous analyses, with 10T remaining as the main and most
prevalent line (see Figure 6), from which Wearable
technologies and the multiple applications of both and their
relationships with other technologies are derived. It also
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Embedded qualitative analysis and summary of thematic
analysis

The qualitative analysis showed an internal tendency (not
generalizable) to experimental designs, which was noted in
the articles and in the results of the reviews consulted. In
addition, it highlighted important benefits such as their
ubiquity, the reduction of costs in services, the broad
possibilities offered by real-time monitoring and data
processing, as well as a trend towards the expansion of
capabilities and applications, especially in the fields of health
and e-environment.

Another noteworthy aspect is the diversity of formats that are
studied and implemented in wearable technology, as well as

its multi- and interdisciplinary connection with other fields
for the improvement of 10T systems and the services in which
they are used. Similarly, the data analyzed point to a steady
movement towards wearable technology in everyday life and
important benefits beyond diagnostics and measurement.
However, they highlight the emphasis on limitations, both
technological and those included or resulting from their
transfer to everyday life. Particularly noteworthy are the
issues related to data use, privacy, decision making based on
the data contained in the cloud and issues that highlight the
social aspects of technological integration and digital
transformation. These results are in line with those found in
similar studies (91) (92) (93).

Table 6. Summary of qualitative analysis.

Study and relevance

Design

Summary of the thematic analysis

(41)
Biosensors and
Bioelectronics

20.6 CiteScore 12.6
Impact Factor
Scimago Q1
Biophysics
Google citations: 67
Scopus Citations: 45

Review design.
Thematic analysis

without defined protocol

loT-enabled wearable devices contribute to lowering healthcare
costs and offloading responsibilities from weak healthcare systems.
They support decision making, offer reliable metrics and have a
variety of applications (data analysis, diagnostics, imaging,
telemedicine).
The main types of portable devices are wrist, chest, head, graftable
or tattooable, textile.

The components are divided into those of the 10T system and those
of the portable system. The former are the system's own server, the
signal amplifier, the front end module and the antenna; while the
latter are the connectivity chips, processors, actuators, sensors, App
processor, communications module and connection manager.
The main limitations and challenges are high network latency; poor

design; short battery life; limited computational capacity; expanding
coverage areas; strengthening security, privacy and data availability.

1)
Technological
Forecasting and Social
Change
17.2 CiteScore 12
Impact Factor
Scimago Q1 Applied
Psychology
Google citations: 25
Scopus Citations: 6

Comprehensive
systematic literature
review.
Background review
design.
Thematic analysis to
formulate a common
definition.

Applications in business management, extending services from
specialized sectors to the general population and everyday life,

Types and formats similar to those described in (41).
Conceptual components: ubiquity and uniqueness; standardized
technologies; interaction between the physical device and its virtual
counterpart; data, information and sensors; user and service.
Need to integrate other conceptual components outside the strictly
technological ones.

Challenges related to security, privacy and availability, similar to
(3), but with emphasis on the 10T system, not the wearable.

(42)

Nano Energy
29.3 CiteScore 17.6
Impact Factor
Scimago Q1 Electrical
and Electronic
Engineering
Google citations: 112
Scopus Citations: 96

Comprehensive
systematic literature
review.
Background review
design.
Thematic analysis with

emphasis on sensors and

portable chemical
systems.

Advances in integrated systems in tattoos and patches; advances in
the integration of sensors for tear and saliva detection; advances in
microneedle technology for dispensing treatments through sensitive
therapeutic systems.
Emphasis on integrated systems (micro sensors, communication
modules, battery, dispenser).
Complexity of miniaturization processes, manufacturing, wireless
data transmission and bio-compatibility analysis.

(94)
Computer
Communications
11 CiteScore 6 Impact
Factor

Experimental study.

Support for rehabilitation, recovery and return to the courts;
appropriate use of metrics using machine learning techniques, deep
learning and continuous predictive mathematical models.
Emphasis on data processing, noise elimination and weak
applications in mHealth systems.
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Scimago Q1 Computer
Networks and
Communications
Google citations: 102
Scopus Citations: 69

(95)
Measurement
9 CiteScore 5.6 Impact
Factor
Scimago Q1 Applied
Mathematics
Google citations: 61
Scopus Citations: 52

Experimental study.

Miniaturization, portable design, intelligent monitoring and
advanced metrics of cardiac performance during sports activity.
Components: ZigBee wireless sensor, Bluetooth, PC or Smartphone
and a cloud (cloud platform).

(57)
Biosensors and
Bioelectronics

20.6 CiteScore 12.6
Impact Factor
Scimago Q1
Biomedical
Engineering
Google citations: 93
Scopus Citations: 84

Experimental study

Simple design, expands use to everyday life, low cost, non-invasive
nature and breadth of utilities (e.g., disposable).

Portable device in patch format, detecting sensors, microfluidic
channels based on cotton threads, imaging module with UV-LED
lamps (3D printer designed), Smartphone App and integrated 10T

system.
Progress is needed in the study of individual biological differences
and the development of a processing system for the use of real-time
data.

(58)
Sensors and Actuators
B: Chemical
14.6 CiteScore 8.4
Impact Factor
Scimago Q1
Condensed Matter
Physics
Google citations: 16
Scopus Citations: 13

Experimental study

It overcomes one of the main problems of this type of wearable, the
transmission of data in real time.

Device consisting of a solid-state ion selective electrode, a
miniaturized printed circuit board (PCB) for metric reading and
processing.

The 10T system is based on a low-power Wi-Fi interface,
transmitting real-time data to a smartphone app.

(59)
Computers in Biology
and Medicine
9.2 CiteScore 7.7
Impact Factor
Scimago Q1 Computer
Science Applications
Google citations: 70
Scopus Citations: 58

Experimental study

Diagnostic system based on a deep learning model based on neural
networks.

Ubiquitous access and targeted convolutional neural network
architecture for lung cancer imaging that reduces cost and physical
checks.

The loT system draws on data from computer-aided tomography
(CAT) scans and sensor data.

It does not automate the diagnosis, but it is an auxiliary tool.

(55)
Pervasive and Mobile
Computing
8 CiteScore 4.3 Impact
Factor
Scimago Q1 Applied
Mathematics
Google citations: 9
Scopus Citations: 7

Experimental study

Offers a non-invasive alternative for monitoring the breathing of
pre-term infants. Promotes parental psychological coping by
reducing the need for the display of medical devices.
Smart-textile type wearable for chest, consisting of a biosensor belt,
measurement device and communication module based on an 10T
system with network architecture.

Low latency in data processing and communication.

(61)
Computer Methods
and Programs in
Biomedicine
10.1 CiteScore 6.1
Impact Factor

Review article

Relationship between 10T, wearables and Al to improve data
processing through different learning models.
Variety of applications ranging from monitoring in health, sports,
diagnostic assistance, pattern detection, etc.
The main limitations are related to the use, privacy, protection,
transmission and permissions for data processing.
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Scimago Q1 Computer
Science Applications
Software
Google citations: 91
Scopus Citations: 65

Limitations of the study and future approaches

The study had limitations intrinsic to its design, which were
expressed in the excessive generality of the results,
although this was a strength for the identification of trends,
areas, types of scientific production and collaboration, as
well as the most frequent institutions and sources. Another
limitation lies in the selection of a single database
(Scopus), as pointed out by previous studies (67,68).
(67,68).

The data consulted and the embedded qualitative analysis
pointed to the importance of future studies with mixed
design, both review and research, that favor greater depth
in the examination of trends, results, applications, specific
areas (multi- and interdisciplinary integration) and
challenges of loT-enabled wearable devices.

4. Conclusions

In the present study, both in the bibliometric and thematic
analysis, the growing interest in wearable devices based on
IoT models was evident, expressed both in the increase in
the total number of publications in world-class journals and
in their impact, measured in total citations and in their
normalized metrics (FWCI). Furthermore, this growth
trend is expressed in the multi- and interdisciplinary
linkages identified in the clusters and the co-occurrence of
terms.

The findings reviewed point to a period of knowledge
transfer and original production, especially through
experimental design and review studies. These data support
the scientific relevance of the field, which is further
supported by multiple benefits, especially in the areas of
health and sports, as well as future applications in e-
environment and new portable device formats capable of
dispensing treatments and controlling complex variables.
In a general sense, in addition to future studies to improve
connectivity and the ubiquitous nature of the service,
further studies are needed on security, access, protection
and privacy, as well as high quality data processing. Other
lines to be developed should be related to the development
of business models, technological integration in the daily
life of non-specialized users, social acceptance of the
technology, exploration of future and novel applications of
portable devices, as well as the reduction of stated
limitations and challenges.
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