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Abstract—The objective of this paper is to conduct a
bibliometric study on the use of Raspberry Pi in the medical
field. In the past several decades healthcare advancements have
played a major role and Raspberry Pi being the charm with its
extensive features and low cost, it is of interest to know whether
the development in health care technologies with respect to
Raspberry Pi has created an impact or not. A platform known as
Biblioshiny has been used to collect statistical information and
perform the analysis. A total of 154 journal articles have been
collected from PubMed, a free full-text archive of biomedical and
life sciences journal literature at the U.S. National Institutes of
Health's National Library of Medicine (NIH/NLM) and analysis
has been made on various parameters such as top authors,
countries and affiliations etc. The conclusions drawn help us to
understand the usage of Raspberry Pi in the healthcare domain.
The Bibliometric Analysis done indicates that there has been an
increase in the research over the years and the authors from
various countries have been working elaborately indicating that
there has been a good amount of usage of Raspberry Pi in the
healthcare domain. Overall, our results demonstrate the trending
topics the authors currently working on and collaborations
amongst authors and countries. Finally, this paper identifies that
there are no motor themes but displays the budding keywords (or
the ideas where authors have worked on) in the health care
domain emerging with the prototyping of Raspberry Pi.

Keywords—Information  extraction;  bibliometric
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study;

I.  INTRODUCTION

Raspberry Pi is a mini-sized computer, often denoted as
credit-card-sized board established by the ‘“Raspberry Pi
Foundation”. Originally, Raspberry Pi was developed for
students so that they could learn programming which would
help them implement innovative projects in various fields [1].
It is essentially a motherboard which has a provision for
general purpose input/output pins and enables one to modulate
myriad of electronic components. This mini-sized computer
comes with its own set of fringe benefits and is known for its
affordable price and high computing capability. It runs on
various operating systems and is compatible with plenty of
programming languages such as C, C++, Java, Perl and Ruby
[2]. It supports various operating systems; it also requires
power to boot. However, there are versions of the Raspberry
Pi which can boot directly from the network for which file
storage system is required [3] Raspberry Pi is an excellent
platform for prototyping (preferably, small scale) [4].
Prototyping ideally deals with validating idea, hypotheses or
hardware design. It helps understand vindicate electronic
design in an operating system. Prototyping helps weigh the

positives and the negatives of the features being implemented
in a model. Raspberry Pi also behaves as an enabler
technology [3] The Pi is used to create and develop
unconventional projects -widely used in home automation,
robot controlling, bots making etc. Due to its high usability,
the Pi is used in the evergreen “Healthcare Field” for health
monitoring and MRI analysis by making use of the Internet of
Things, Smart Devices etc. According to the British Standard
Institution (1976), bibliometrics is coined as the ‘application
of mathematical and statistical methods in the study of the use
of documents and publication patterns.” To put the above
definition in Layman’s terms, bibliometrics can be considered
as a procedure which counts the publications and citations
relevant to a certain topic. The amalgamation of bibliometrics
to science is known as ‘Scientometrics’. It is typically defined
as the “quantitative study of science and technology” [5].

The most commonly used methods in the field of library
and information science are — citation analysis and content
analysis. The study of bibliometrics consists of three major
bibliometric indicators which are quantity indicators,
performance indicators and structural indicators [6].To
measure the productiveness of a researcher or research group,
the quantity indicator is utilized for evaluating the standard of
the journal or the research and the research journal. Structural
indicators measure the linkage or the connection amongst
various authors, publications etc. [7] Predominantly, the
bibliometric study involves the elucidation of activities
concerning the topic carried out by researchers, institutions
and countries which will help establish trends in research [8]
Since, Raspberry Pi is attracting attention in the medical field,
this paper attempts to throw light on the popularity of
Raspberry Pi over the years in healthcare domain and bring
out the trends in various and distinct metrics by conducting the
bibliometric analysis.

The rest of the paper is divided into four sections. Section |
presents the research methodology to perform the bibliometric
analysis. Section Il presents the results obtained from the
study. Section Il shows the conclusions obtained from the
study and an acknowledgment. Section IV shows the
references which assisted in conducting the study.

Il. METHODOLOGY

The data for the analysis has been collected from the
PubMed database, which collects the information from the
Medline database compiled by the United States Library of
Medicine [9]. The search strategy which was used to collect
the information was — “Raspberry Pi”. The data was analyzed
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using a web-based Bibliometrix tool in R called Biblioshiny
[10]. The information thus collected has been filtered to obtain
precise results. Summary of the findings are as below:

Initially, one hundred and ninety-one (191) articles have
been extracted for the analysis. To remove the uncertainties,
they are further filtered to document type, “Journal Articles”,
which fetched one hundred and fifty-four (154) items. These
Avrticles relate to the period between 2013 and 2020 with
contributions from six hundred and ninety-seven (697)
authors. Conceptual and Social Structure of these articles were
analyzed to draw meaningful conclusions.

Table | gives a brief on the data extracted for the period
between 2013 and 2020. There are 191 articles as mentioned
above, which include those from journals and books
numbering 61.249 ‘Keywords’ from these articles are captured
for the analysis. ‘Keywords’ are index terms used by the
authors to present the main content of their paper.
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is established by correlating the data of authors of multi-
authored articles divided by the number of multi-authored
articles. [11]. The details are explicitly mentioned in Table I.

I1l. RESULTS AND DISCUSSION

A. Trends in the Number of Articles

The first publication in the health care domain using
Raspberry Pi appeared in the year 2013 with only one article
in the entire year. Between 2014 and 2016, the number of
articles published on the subject did not cross double-digit.
Since 2017, a moderate increase is noticed as shown in
Table 1l. The Annual Scientific Production of the topics is
captured in the diagram depicted in Fig. 1, where Y-axis
represents the number of articles and X-axis years establishing
the relationship of the number of articles to the years. During
the initial phase starting from 2013 to 2016, as depicted in
Fig. 1, there have been less number of articles in this field but
the year 2017 witnessed 23 articles and there has been an
increase in the number of articles published since then. In the

TABLE I. MAIN INFORMATION OF DATA COLLECTED . .
year 2020, 28 articles have been published. The annual growth
Description Results is estimated at 60.97%. Annual growth rate establishes the
Timespan 2013:2020 geometric progression ratio that provides a return of constant
r ver some time. [12].
Sources (Journals, Books, etc) 61 ate over some time [ ]
Documents 154 TABLE Il.  NUMBER OF ARTICLES PUBLISHED IN THE CORRESPONDING
Average years from publication 1.92 YEAR
References 1 Year Articles
Keywords Plus (1D) 249 2013 1
Keywords Plus (ID) 249 2014 7
Author's Keywords (DE) 249 2015 7
Authors 697 2016 3
Author Appearances 733 2017 23
Authors of single-authored documents 7 2018 a1
Authors of multi-authored documents 690
2019 49
Documents per Author 0.221
2020 28
Authors per Document 453
Co-Authors per Documents 476 Annual SCientifiC PrOdUCtion
Collaboration Index 4.69 s0-

Out of contributions from 697 authors in all, 7 are single-
authored documents and the balance 690 documents are multi-
authored. Single authored documents are the documents which
have been journaled by only one author whereas multi-
authored documents are the ones in which there is a
collaboration among two or more authors. To assess the
overall contribution of an author, the data is further analysed
based on ‘author appearances’. ‘Author appearances’
demonstrate whether an author has more than one journal
article on his name. In our analysis, considering the count of
articles and the frequency of the author’s name, seven hundred
and thirty-three (733) records have been discovered. Authors
per document come to 4.53, which is calculated by finding the
ratio of the total number of authors and documents by them.
Likewise, the documents per author come to 0.221 by
evaluating the ratio of documents and authors. Co-author per
document comes to 4.76, which is the ratio of the total number
of author appearances and documents. The collaboration index

Articles

2013 2015 2017 2019
Year

Fig. 1. Trends in the Number of Articles over the Years from 2013-2020.
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B. Top 10 Most Relevant Sources

A source is essentially is a journal, a book etc. which has
issued plenty of documents. This is denoted as sourcing the
article/subject of the original author. Table Il lists out top 10
sources of articles found on PubMed and the number of times
these have been utilized. The observation which can be drawn
is that “Sensors” (Basel Switzerland) has been sourced by
many articles and “Application in Plant Sciences” has been
least sourced.

C. Documents of Top 3 Authors

Table 1V shows the list of documents journaled by the top
three authors. Although ‘PLOS one” has several articles under
them, the documents written by top five authors are not
sourced by “PLOS one”. However, multiple authors have
worked on the same article.

D. Top 10 Most Relevant Affiliations

The affiliations on a research paper imply that the author
worked at an institute that oversees the research integrity of
the paper published. Affiliations give credibility to the
research paper. A study conducted at a reputed University is
more respected rather than by the authors affiliated with a
university none ever heard of. This explains the reason why
researchers from less-known institutions collaborate with
researchers of well-known universities.

Table V and the Fig. 2 give an analysis of university
affiliations of the authors who published articles on the subject
under study. The largest number of affiliations are to the
University of British Columbia with 25 articles which are
represented by a dark shade of blue in the Fig. 2. In the Fig. 2,
the X-axis denotes the number of articles and the Y-axis
denotes the name of the affiliation. The intensity of the color
decreases as we go down the graph indicating the decrease in
the frequency of articles. Kinsmen Laboratory of Neurological
research has the least number of articles affiliated. However,
the other universities, to cite a few, Tucson, University of
Alberta, etc. have a good number of papers that are affiliated.

Vol. 11, No. 10, 2020

TABLE Ill. A TABULAR REPRESENTATION OF THE SOURCES AND
CORRESPONDING NUMBER OF ARTICLES
Sources Articles
Sensors (Basel Switzerland) 68
PLOS one 68

Conference proceedings — Annual International
Conference of the IEEE, Engineering in Medicineand | 7
Biology Society

Review of scientific instruments

Journal of Neuroscience methods

Biosensors and Bioelectronics

Journal of medical systems

Plant methods

PLOS Biology

N Ww|w|w|o | o

Applications in plant sciences

TABLE IV.  Top AUTHORS AND THE CITATION OF THEIR CORRESPONDING
ARTICLES
Author Citation
Murphy Th [18], [19], [20], [21], [22]
Barker D [23], [24], [25], [26]
Boyd Jed [18], [19], [22]
TABLE V. ToOP 10 AFFILIATIONS AND THE NUMBER OF DOCUMENTS
AFFILIATED
Affiliations Articles
University of British Columbia 25
Zhejiang University 17
Tucson 16
University of Science and Technology of China 16
Universidad Carlos 11l De Madrid 15
University of Alberta 15
University of Tubingen 13
The University of Sheffield 12
University of California 12
Kinsmen Laboratory of Neurological Research 11
Most Relevant Affiliations
UNIVERSITY OF BRITISH COLUMBIA _
SITY OF SCIENCE AND TECHNOLOGY OF CHINA _
UNIVERSITY OF CALIFORNIA _

N LABORATORY OF NEUROLOGICAL RESEARCH

o

5 10
N. of Documents
Fig. 2. A Graphical Representation of Top-10 Affiliations and the Number
of Documents Affiliated.

w

20 25

E. Top 10 Corresponding Author’s Countries

The leading authors of the articles belong to China, USA,
France and Korea; most of the authors are from China and the
USA as shown in the graph (Fig. 3). The X-axis represents the
number of documents and the Y-axis represents the countries.
SCP is the abbreviation for Single Country Publication and
MCP is an abbreviation for Multiple Countries Publication. It
can be concluded that there are no documents where a co-
author from a different country is working on in the dataset
under analysis.

F. Top-10 Country Specific Production

Country specific production gives us an insight into the
number of journal articles produced in a specific country.
From the Table VI, it can be observed that the USA tops the
list by producing 117 articles over the years and the UK
appears at the bottom by producing the least with 26 articles.
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Corresponding Author's Country .
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Fig. 3. A Graphical Diagram Representing the Top 10 Author's Countries.
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2) Most Commonly used words in titles: It is also
analyzed whether the term Raspberry Pi appears in the title
and the abstract of the articles produced. From Table VIII and
the Fig. 5, it is interpreted that the word “system” has the
highest frequency which can be seen from the cloud of words
such as.

e Prototyping of Raspberry pi is used.

e Integration of loT.

e Open-source platform.

e Working on low cost, smart, robust systems.

e Applications of the raspberry pi for monitoring
purposes.

3) Most commonly used words in abstract: “System” and
“data” are the two terms with the highest frequencies. It is

TABLE VI.  Top 10 COUNTRIES WITH THE HIGHEST NUMBER OF quite evident that most of the terms in the title and the abstract
PRODUCTIONS have been repetitive. *An amusing observation here is that the
Terms Frequency usage of the term Raspberry Pi is more when compared to its
usage to e title and author’s ke ordas. € occurrence 0
system 29 ge to the title and auth keywords. Th f

the terms can be seen in Table IX and Fig. 6.

raspberry 22
Do & a9 ITEemT

low-cost 21 wireless technology/instrumentation
monitoring 19 et e (1SGF-COMPULEr lmﬂace
based 18 ——u-n-—--u- [r &

e “” 3 ~ua R ﬂ“mmﬁﬂl es'g“mm
5 ===ume SO TN AT @
open 13 lemale
platform 13
data 12

G. Frequently used Words — Author’s Keywords, Title,
Abstract

A word cloud is a pictorial representation of the collection
of words related to a specific parameter, be it author’s
keywords or title or abstract. The cloud is essentially designed
such a way that the word with higher importance or most re-
occurring is typically depicted in a bigger font and the words
with less frequency gradually decrease in size. Various data
transformations can be used to understand the occurrence of
words. Since dataset under observation is not humongous, the
analysis is confined to the measure of “frequency”. Other
options such as log, square root transformations are available
which will give the preview of the word cloud, based on the
scaled transformation applied to the data [13].

1) Author’s keywords: Author’s keywords, as mentioned
earlier is a list of terms which relate to the main topic of the
author’s paper. Fig. 4 captures, the terms and Table VII gives
the details about the word and their frequency. An interesting
observation made in the analysis is that the most commonly
used words by the authors are ‘humans’, ‘software’, ‘animals’,
‘female’ etc. The frequency of usage of the word ‘humans’
was 48 times, which gives a conclusion that the application of
Raspberry Pi has been essentially used to the benefit of human
beings.

r3d Lregeeacy reewiicalae tvwos

Fig. 4. Word cloud depicting the most Common Author’s Keywords.

TABLE VII.  MOST FREQUENT TERMS AND ITS OCCURRENCE IN AUTHOR'S
KEYWORDS
Region Freq
USA 151
CHINA 82
SPAIN 81
CANADA 67
GERMANY 39
BRAZIL 38
ITALY 37
SOUTH KOREA 31
MEXICO 30
UK 26
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TABLE VIII. MOST FREQUENT TERMS AND ITS OCCURRENCE IN TITLES

Terms Frequency
humans 48
software 20
animals 17
female 13
algorithms 12
equipment design 12
male 12
computers 7
image-processing computer-assisted 7
internet 7

temperature WP G] £ S S IMPIEMENIAUOR o eioq

airtomated
-~ ‘""Ill(lllIIIII’III!I'Mm

g’%’i’gﬁﬂherr

m::nnenlo lot nenml

cnslneme
sensors
:magmg hasednlaunrmwlmmn

applications hardware

Fig. 5. Word cloud depicting the Most Common Words Found in titles.

TABLE IX.  MOST FREQUENT TERMS AND ITS OCCURRENCE IN ABSTRACT
Terms Frequency
system 209

data 159

pi 153
raspberry 153

device 89

based 86
proposed 82
low-cost 77

devices 76

sensor 71

% o Brocessing piatorm

EITys:

ldlilﬂe'ﬂwl’b

network

images
atafensormmm
o i
W-COSTe!

analysis

algerithm

wdevices
proposet

sensors
work FADIER, ac

mcost“

cumnuleshased I detection
nulgn m“ control amgrasoﬂware
embp da«dfj‘“\mmﬂﬁﬁsvs ems"

experimental 5oy isiiion ml’lﬂl’lllﬂllce

Fig. 6.  Word cloud Depicting the Most Common Words Found in the
Abstract.
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H. Graphical Analysis

Biblioshiny platform has a graphical analysis tool known
as “Three-Field-Plot” which helps in determining the
relationship between three metrics in a graph. It works on the
principle of the Sankey diagram. Three field plot is divided
into 3 fields namely-

e Middle field
o Leftfield
¢ Right field

Sankey diagram consists of boxes; the size and the
dimensions of the box are directly proportional to the
frequency or the count of the entered metrics.

For the first analysis three fields viz., Middle: Keyword,
Left: Author, Right: Sources are considered confining to top
10 interactions amongst them.

Fig. 7 re-establishes that “Human” is the most commonly
used keyword and has been frequently used by most of the
sources such as “Sensors (Basel, Switzerland)”. The authors,
to name a few, Sahoo n and Lin hw have been working on
projects which use the keywords (topics) such as ‘humans’,
‘user computer interface’, ‘equipment design’ etc.

For the second analysis the three fields viz., Middle:
Keyword, Left: Country, Right: Sources are considered
restricting again to top 10 interactions amongst them.

The graph (Fig. 8) depicts that the highest production of
articles is from the country — “China” and the authors have
utilized the topics/keywords such as ‘keywords’, ‘algorithms’,
‘image processing’, ‘computer-assisted’, ‘equipment design’
and ‘user computer interface’. Interestingly, the most
frequently used keyword - “Humans” has been used in the
journal articles produced by all the countries present in the
graph (Spain, China, France, Korea, Mexico, USA, Italy,
Germany, Canada). It has been sourced by all except for
journal of neuroscience methods. We can also see that that
‘Sensors’ (Basel, Switzerland) has been sourced by all the
keywords. Table X lists out the country and the topics the
countries have been working on. By analyzing the width
between the country and the keyword, Table XI is prepared to
give an insight into the topic(s) the respective countries are
specifically working on.

The third graphical analysis involves the three fields, viz.,
Middle: Author, Left: Affiliations, Right: keywords;
restricting to top 10 interactions. The graph (Fig. 9) represents
the keywords used by the author and the university the author
has been affiliated to.

The fourth graphical analysis (Fig. 10) gives us an insight
into the author’s country. Considering the three fields viz.,
Middle: Author, Left: Countries, Right: Affiliations. The
relationship between the three is established.

The fifth graphical analysis (Fig. 11) uses Middle:
Affiliation, Left: Authors, Right: Countries, restricting the
number of items to 24 to find out the affiliation of later items.
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conference proceedings: ...
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Fig. 8. Three Plot Diagram Representing the Relationship among Keywords, Country and Sources.
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TABLE X. LIST OF COUNTRIES AND THE RELATED CORRESPONDING
TorICS
Country Topic(s)
Spain The wearable electronic device, humans, image processing-
P computer assisted, smartphone, male
China Humans, algorithms, image processing- computer-assisted
equipment design, user computer interface
France Humans, image, processing, computer-assisted, smartphone
Korea Humans, algorithms
Mexico Humans, image processing-computer assisted
USA Humans, smartphone, user computer interface, software
The wearable electronic device, humans, algorithms, image
Italy processing, computer-assisted, male, equipment design,
software
Germany quans, smartphones , user computer interface, software
animals
Canada Humans, smartphones, male, software, animals
TABLE XI.  LIST OF COUNTRIES AND YHE CORRESPONDING MAJOR TOPICS
Country Topic(s)
Spain Wearable electronic device, humans
. Humans, algorithms
China . . .
image processing, computer-assisted
France Humans, image processing, computer-assisted, smartphone
Korea Humans, algorithms
Mexico Humans, image processing, computer-assisted
USA Humans, smartphone, software
Ital Algorithms, image processing, computer-assisted, equipment
Y design, software
Germany User computer interface, animals
Canada Software, animals

By analyzing the three graphs (Fig. 9, Fig. 10, Fig. 11), the
most common keywords used by the author, the paper’s
affiliation and the country in which the author has published
the journal article can be identified. The keywords for authors
whose papers were published in Korea are not available,
however, it can be noticed as mentioned in the Table X that
Korea has essentially worked on ‘Humans’ and ‘algorithms’.
So, for the current analysis, these keywords have been added
against their names. The tabulated chart can be seen in
Table XII. Table XII gives the impression that the most
popular topics on which the top authors are working relate to
humans and animals. To analyze whether the topic on which
the authors are working on is a trending topic or a general
topic with scope for further development, network analysis is
conducted.

I.  Knowledge Synthesis

Knowledge synthesis is made up of three fragments which
are.

e Conceptual structure

e Intellectual structure

Vol. 11, No. 10, 2020

e Social structure

The conceptual structure involves network analysis of the
co-words’ networks, which is ideally studying and analyzing
of graphs depicting a collection of words appearing together.

To identify the evolution of themes and infer the topics,
the thematic map is used. A graph has nodes also known as
vertices which are linked by lines or edges.

The colors represent the clusters to which the words
belong to as shown in Fig. 12. The parameter used for
constructing the graph is the author’s ‘keywords’. Salton’s
cosine, Jaccard’s Index and Association Strength [14] are used
for measuring the co-occurrence and Louvain algorithm for
clustering [15].

The map as shown in Fig. 12 gives a visual representation
of the most co-occurring words and it is observed that the
vertex representing “Humans” has highly reoccurred. The
strength of the edges is proportional to the co-occurrences.
The link between “Humans” and “image processing”,
“computer-based” is much stronger than the other edges
inferring that the Raspberry Pi is being used or studied
concerning applications which have the ability of image
processing.

J. Thematic Evolution — A Longitudinal Thematic Map
Analysis

A thematic map is used for visualizing a certain topic and
the concept used in the paper by choosing ‘“author’s
keywords”. The map is divided into four plots or quadrants
viz., Upper left plot: highly developed and isolated themes,
Upper right plot: Motor themes; Lower left plot: emerging or
declining themes; Lower right plot: Basic and transversal
themes. Each quadrant is depicted as a Thematic map [16] As
shown in the map (Fig. 13) each bubble depicts a network
cluster and the word which is being represented in the bubble
has the highest occurrence value. The position of the bubbles
is according to the Centrality and Density which are captured
in X and Y axes, respectively [17].

Centrality helps to measure the degree of interaction
amongst the myriad clusters present in the graph. It helps in
estimating the importance of the theme in the entire research
area. Density estimates the internal strength of the cluster, in
other words, it is the measure of the theme’s development in
the entire research.

The purpose of using thematic evolution for the analysis is
to discover if there are any topics which have emerged into
any other quadrants and more so to understand the topic’s
evolution over some time. The span of years is divided into
two parts, and the cutting point emerged as 1. (2013-2017,
2018-2020).

Time Slice-1: The conjecture made from the Fig. 13 is that
“wireless technology/instrumentation” is a motor theme and
was a Central Point for conducting research studies
concerning Raspberry Pi.

The second observation of the analysis is that the bubbles
referring to” humans” is in emerging or declining themes as
the frequency of words in the cluster are in the declining zone.
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Fig. 9. Three Plot Diagram Representing the Relationship among Authors, Affiliations and Keywords.
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Fig. 10. Three Plot Diagram Representing the Relationship among Authors, Countries and Affiliation.
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Fig. 11. Three Plot Diagram Representing the Relationship among Affiliations, Authors and Countries.
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TABLE XII.  LIST OF AUTHORS, MOST COMMON KEYWORDS USED BY AUTHORS, AFFILIATION, COUNTRY OF PRODUCTION OF ARTICLES AND SOURCES

Author Keywords used by the author Affiliation Country Sources
Wilkes Tc unavailable The University of Sheffield Italy Sensors (Basel, Switzerland)
Willmott Jr unavailable The University of Sheffield Italy Sensors (Basel, Switzerland)
Boyd Jd Animals, male University of British Columbia Canada Journal of Neuroscience Methods
Murphy Th Animals, male University of British Columbia Canada Journal of Neuroscience Methods
Sahoo n Humans, gqmpment design, user Unavailable China Sensors (Basel, Switzerland)

computer interface
Lin Hw Humans, gqmpment design, user Unavailable China Sensors (Basel, Switzerland)

computer interface
Tsaftaris Sa Softwar'e, algorithms, Image University of Edinburgh Italy Plant methods.

processing, computer-assisted
Hang | Humans, algorithms Jeju National University Korea Sensors (Basel, Switzerland)
Kim DH Humans, algorithms Jeju National University Korea Sensors (Basel, Switzerland)
Kim SW Unavailable Unavailable Korea, France Sensors (Basel, Switzerland)

the first slice, all the topics have started uniquely and topics

‘Software’, ‘behaviour,” and ‘animal/physiology’ belong
to the basic and transversal themes which establish that those
were the general topics during the years 2013-2017. It is also
observed that ‘equipment design’ is right in the middle of the
map, covering a tiny portion from all the quadrants.

Time Slice-2: In the Fig. 14, plenty of new keywords can
be noticed in the graph and ‘humans’ has its locomotion from
emerging/declining topics to general and transversal themes
whereas ‘wireless technology’ or ‘instrumentation’ is no more
a “motor theme” which insinuates that there are new topics
which have merged or have been split into individual topics.

The Fig. 15 gives distribution and diversity of topics
(author’s keywords) over the years in the given time slice. In

such as ‘humans’, ‘wireless technology/instrumentation’ and
‘software’ have diverged into various fields. However, the
whole of behavior, ‘animal/physiology’ has shifted to ‘female’
and ‘animals’ has shifted into; automation’,
‘laboratory/instrumentation’. The keywords popular in the
time slice between 2018-2020 are ‘humans’, ‘automation’,
‘laboratory/instrumentation’, ‘female’, ‘software’,
‘anticoagulants’, ‘equipment design’, ‘wearable electronic
devices’ and ‘algorithms’.

Fig. 16 captures the clusters from 2013-2020 by
combining the occurrences of various topics and keywords in
the thematic map.
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Fig. 12. A Graphical Representation of a Network of the most co-Occurring Words in all the Articles.
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Fig. 16. Overall Strategic Diagram for Author’s Keywords from 2013-2020.

It can be noticed that the bubble-“human”, belongs to the
basic and transversal themes indicating that the bubble has
shifted its position from one plot to the other, which can be
seen in the evolution in the latter part. Two of the terms which
are highly recurring in the ‘humans bubble’ are ‘software’ and
‘algorithm’ which reflects that dynamic problem solving
requires the usage of algorithms. In the ‘animals bubble’, the
recurring  terms are ‘physiology’ and ‘three
dimensional/printing’. The analogy here seems to be the
development of a health monitoring system or something
similar which requires 3D printing for various parts and
physiological parameters for monitoring the health status of
individuals. It is noticed that there is no particular bubble
positioned in the ‘motor theme plot” signaling that there are no
mainstream fields in the research topic. ‘Wearable electronic
devices’ and ‘limit of detection’ do not hold much of place in
the research field since they lie in the upper left quadrant.
However, ‘humans’ and ‘animals bubble’ are vital in the
research study but it could be interpreted that they are not yet
evolved fully or the researchers are still working on their
development. They are the basic general topics with good
scope for further development. Intellectual Structure involves
citation analysis, which is not attempted in the paper due to
the current restriction in accessing the citation details from
PubMed.

K. Social Structure

Social structure deals with the relationship between
countries and authors in the research area.

1) Country collaboration: Fig. 17 depicts a list of
countries arranged randomly, with each color of the node
representing a unique cluster. Countries which have
collaborated or are collaborating are categorized in the clusters
joined through links. It is noticed that Spain has collaborations
with both Mexico and USA; Germany and Switzerland also
appear in the collaborated list. The rest of the countries remain
independent. The observations are recorded in Table XIII.

2) Co-author collaboration: Co-author collaboration
helps us in perceiving a pictorial representation of
collaboration amongst authors. The same understanding of the
graph applies here which is each unique color represents a
cluster and the authors which are working together are
connected by links. From the Fig. 18, it is observed that there
are 39 clusters in all, out of which there are 4 clusters which
represent the collaboration of authors which has been recorded
in Table XIV.
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Fig. 17. A Graphical Representation of a Network of Countries which have Collaborated.

TABLE XIII. LIST OF COUNTRIES THAT COLLABORATED

Cluster Countries
1 USA, Spain, Mexico
2 Germany, Switzerland
e —
, tsaftaris sa
helféfga® ko
teixeira fuarte fa P
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Fig. 18. A Graphical Representation of a Network Describing the Collaboration amongst Authors.
TABLE XIV. LIST OF AUTHORS THAT HAVE COLLABORATED
Cluster Authors
1 Boyd did, Murphy th
2 Wilkes tc, Willott jr, Pering td, Mcgonigle ajs
3 Leccese F, Trinca D, Cagnetti M
4 Alessio Ko, Tischer B, Teixeria id, Duarte fa, Helfer ga, Barin js

301|Page

www.ijacsa.thesai.org




(IJACSA) International Journal of Advanced Computer Science and Applications,

IVV. CONCLUSION
The analysis leads to the following conclusion:

o A total of 154 articles have been published from 2013-
2020 in the health-care field using Raspberry Pi, with
the year 2019 having the highest number of journal
articles published.

e The United States of America leads the table with the
highest number of specific country production and
most of the authors working on the topic belong to
China with less representation from Korea.

e University of British Columbia, Canada has the
greatest number of affiliations to the topic. Considering
all the data and analyzing the graphs with various
parameters, a table (Table XII) has been constructed
which represents the most common keywords used by
the top authors and the country from which the paper
has been published and its corresponding source.

e The most trending keyword by the top authors is
“Humans.” On performing knowledge analysis
(conceptual structure — discovering major themes and
trends), the graphs insinuate that there is no “Motor
Theme” as yet in the healthcare domain. On the
contrary, a lot of research work is being done on
‘Humans’ and ‘animals’ in this field, for instance,
‘Health monitoring system for animals and humans.

e By making use of Social Structure which per se helps
us to identify the relationships between authors and
countries who have collaborated, the results deduce
that there are a couple of authors who are working in
harmony towards this budding topic in the research
field and the USA, Mexico, Spain; Switzerland and
Germany are the countries which are working
collaboratively in this research field.

Despite the limitations of not conducting intellectual
structure analysis because of restriction of citation details from
PubMed, the findings are valuable in light of a strong basic
analysis for future research. Thematic analysis has been a
game-changer in our trend analysis.Broadly translated, our
findings indicate that there is no motor theme emerging in the
present context but more research in the upcoming years may
alter the position. However the present findings do confirm
that there has been a progress in affairs which involve
amalgamation of Raspberry Pi along with wearable electronic
devices, various algorithms, image processing techniques, etc.

V. FUTURE WORK

Future studies could fruitfully explore more domains on
the applicative trends of Raspberry Pi in healthcare. Few
recommendations for future research are given.

e Enhancements in the current technologies with respect
to the Pi in order to boost compatibility, connectivity
and productivity.

e Security, privacy, legal issues which have to be tackled
while using the same.

Vol. 11, No. 10, 2020

Looking forward, further attempts could prove quite
beneficial to the literature.
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