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co-citation, co-authorship, and co-occurrence, among the chosen 174 documents
indexed by Scopus. This study gives some insightful direction of research where the
most influential documents and authors were determined. Besides, the emerging of
technologies in most of the research works conducted previously promote the
hybridization of background of studies specifically in mathematics, biology, and
computer science. The study is limited to English articles which was published by the
Scopus database, ranging from the year of 1983 until 2023. The source is also limited
to Scopus journals and proceedings only. As far as the authors are aware, this is the

Keywords: first study to address the splicing system topic from a bibliometric perspective. The
DNA,; splicing system; bibliometric authors believe that this bibliometric review will help scholars and researchers to stand
analysis; DNA recombination firm bases regarding the scientific development of this field of study.

1. Introduction

All living organisms are developed and functioned with the influenced of molecules that contain
in the genetic instructions called deoxyribonucleic acid (DNA). A long double-stranded helical
structure DNA is made up of smaller molecules called nucleotides, which consists of a sugar
(deoxyribose), a phosphate group, and one of four nitrogenous bases called adenine (A), guanine (G),
cytosine (C) and thymine (T), as explicated by Tamarin [1]. The specific sequence of the nitrogenous
bases within the DNA molecule forms the genetic code, which determines the synthesis of proteins
and ultimately influences an organism’s traits and characteristics. DNA molecules in living organism
will experience damage, hence, DNA splicing system is important in substituting the damaged cells.
DNA splicing system is a process where DNA molecules from two different sources are combined to
form a new genetic sequence. This process plays a crucial role in genetic diversity, evolution, and the
repair of damaged DNA.

* Corresponding author.
E-mail address: yuhani@umpsa.edu.my

https://doi.org/10.37934/armne.18.1.123137

123



Journal of Advanced Research in Micro and Nano Engineering
Volume 18, Issue 1 (2024) 123-137

There are several mechanisms through which DNA splicing can occur. Li et al., [2] discussed the
most common mechanism called homologous recombination, which involves the exchange of genetic
material between two similar or identical sequences. This process typically occurs during meiosis,
where segments of DNA from each parent are exchanged to generate genetic variation in offspring.
Additionally, in 2020, Ensminger and Lobrich [3] deliberated another mechanism of DNA splicing
called non-homologous end joining. This process occurs following DNA damage, such as double-
stranded breaks, and entails ligating damaged DNA ends directly. It is an error-prone process, often
leading to mutations. Furthermore, site-specific recombination is a mechanism through which
specific DNA sequences called recombination sites are recognized and exchanged. This category of
recombination is involved in DNA arrangements and the control of gene expression. plays a role in
the regulation of gene expression and DNA rearrangements. Another process in DNA splicing system
also can be seen on the recombinational repair process. Haber [4] in 1999 exposed that this process
arises in response to a more prevalent source of such DNA damage.

The DNA splicing process involves the swapping of genetic information among two DNA
molecules or different sections in the same DNA molecule. It is mediated by specific enzymes and
requires the presence of homologous sequences that act as a template for the recombination event.
The steps involved in DNA splicing system include DNA cleavage, DNA strand exchange, DNA branch
migration, DNA resolution and DNA ligation. Overall, DNA splicing system plays a crucial role in
genetic diversity and evolution by shuffling and combining genetic information from different
sources. It is involved in several biological process, including DNA repair, gene expression regulation,
and the generation of genetic diversity during meiosis. The study of informational macromolecules
and formal language theory, which was started by Head [5] in 1987, has tightened the integration of
mathematics and biology, despite the biological process of DNA splicing system, which necessitates
financial and temporal commitment.

The data gained from the Scopus database showed a collection of documents that can be
clustered into two main area; thus, this paper is meant to see the direction of research in splicing
system, either in biology or mathematics perspectives. This paper's primary goal is to give academics
and researchers a thorough overview of the DNA splicing system from research works that has been
published in proceedings and journals, that the Scopus database has indexed. To accomplish this
goal, three research questions are addressed that are; to recognize the most significant publications
in DNA splicing system through citation analysis, to explore the relationship among the highly cited
publications through co-citation analysis, to investigate the interactions among scholars in DNA
splicing system field through co-authorship analysis, and to investigate and foresee future trends in
DNA splicing system via co-occurrence analysis. In the next section, a brief introduction and history
of splicing system are given.

2. DNA Splicing System and Its History

In the context of theoretical computer science and molecular computing, a splicing system is a
formal model, proposed due to the framework of Formal Language Theory. It is a mathematical
model used to simulate and explore the operations performed by DNA molecules in biological
systems. Head [5] initiated a splicing system namely Head splicing system, which consists of a set of
rules or production rules that define how DNA sequences, represented as strings of symbols, can be
rearranged and combined to create new sequences. These rules represent the biological processes
of cutting and recombining DNA molecules in a laboratory or within living organisms. The model of
splicing systems helps researchers understand the behavior and capabilities of DNA computing and
its potential applications in solving complex computational problems.
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The history of splicing system had begun from the phenomenal work by Head in 1987. The Head
splicing system originated by Head was developed based on Formal Language Theory. The Head
splicing system makes a connection between molecular biology and mathematics when it represents
the set of dsSDNA molecules that may arise from the reaction between the initial set of DNA molecules
in the enzymatic activities.

Paun splicing system introduced by Paun [6] in 1996, considers infinite cases and a distinctive
approach due to its set of rules. This model works theoretically rather than biologically since its rule
can be presented by infinite cases. Meanwhile, Pixton introduces the Pixton splicing system that
same year. This system is shown as a splicing substitution process. Therefore, it is determined that
the Pixton splicing system is an informal description of the biological recombinant. Since the crossing
site is the most crucial component of the DNA splicing process and all restriction enzymes have three
main sections, and these two splicing system formalisms do not focus on it, hence it does not function
biologically [7]. Hence, these systems are not related to the cutting and pasting operations as
mentioned in the Head splicing system.

The motivation of this study is the new formalism of splicing system proposed by Yusof and Goode
in 2012, where Yusof [8] introduced the new writing notation called Yusof-Goode (Y-G) splicing
system with the objective of investigating the behavior of restriction enzyme acting on DNA molecule
in a translucent approach.

3. Methodology

The bibliometric analysis is a multidisciplinary method that includes both qualitative and
guantitative data from published literature. In Donthu et al., [9], the bibliometric analysis is found to
be a suitable method for exploring and analysing large scientific data. The bibliometric analysis
process has the advantage of being impartial as it assesses all works within a particular topic, limiting
the possibility of selection bias. Bibliometric analysis can offer structured, unbiased and trustworthy
analysis of trends over time, research streams, and shifts in the field's scope to present a full picture
of the subject. Ellegaard and Wallin [10] suggested that this method is widely used in studying various
disciplines of knowledge, for example in the aspects of science, and how the universities and
institutions are ranked worldwide. Bibliometric analysis can be conducted in different analysis, with
different objectives to be achieved. In this paper, four types of analysis are chosen, namely citation
analysis, co-citation analysis, co-authorship analysis and co-occurrence analysis.

Citation analysis is a technique used to evaluate the effect and influence of research works by
examining the frequency and patterns of citations within academic and scientific publications. It
involves analysing the citations in a given document or collection of documents to gain insights into
various aspects such as author’s impact, a journal’s prestige, or the influence of a particular
publication. It is quantified that assessing and identifying the major contributors will become more
challenging, costly, and important as science becomes a larger and more complicated enterprise and
plays a more significant role in society. Garfield [11] in 1979 agreed that, an appropriate citation
analysis can provide a valuable level of impartiality to the assessment process at a minimal expense.

Co-citation analysis is a method used in bibliometrics and information science to explore the
relationship and connection between different scientific papers based on their co-citation patterns.
It involves identifying and analysing the patterns of co-citations, which are instances where two or
more scholarly works are collectedly cited by other documents. Park [12] suggested that co-citation
occurs when two different publications are referenced in the publication. While Small [13] agreed
that co-citation is based on the occurrence of two documents from previous works are collectedly
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cited in a subsequent work. By examining these co-citation patterns, researchers can gain insight into
the intellectual structure, evolution, and relationship within a specific area of study.

Co-authorship analysis is a method that focuses on analyzing the collaborative patterns and
dynamics among authors in academic publications. It seeks to understand how authors collaborate
with each other, how knowledge is shared and disseminated, and how research networks are formed
within a particular discipline of field of study. By examining co-authorship patterns, researchers can
identify prominent authors, research clusters, and influential collaborations. This analysis can provide
insights into the structure of research communities, interdisciplinary collaborations, and evolving
trends within a specific domain.

Co-occurrence analysis is @ method used in bibliometrics and social network analysis to examine
the relationship between terms or keywords in corpus of documents. It involves analysing the co-
occurrence patterns of terms to identify meaningful associations or thematic clusters. According to
He [14], co-occurrence analysis is a method that examines how co-occurrence patterns are used in
textual words to determine the connections between concepts within the topics covered in the texts.
In order to examine the relationship between concepts that co-occur among the keywords, the
analysis takes the keywords out of the paper’s title, abstract, and keywords.

3.1 Data Collection Strategy

The Scopus database is utilized for bibliometric research works. Table 1 shows the search query
applied in Scopus database. Three keywords are used, which produced 218 documents. The search
is then restricted to document type of article and conference paper, English language and source
type to only journal and conference proceeding, which left the data to 174 documents.

Table 1

Database search string

Database Search string

Scopus (“DNA” AND “splicing system*” OR “splicing language*”)

3.2 Data Tools and Analysis

This study is carried out by using VOSviewer package. It is employed to map the field's conceptual
framework. The performance analysis is conducted to reveal the number of documents within a time
frame, the countries and the sources involved. The citation analysis is provided to disclose the most
prominent authors and research works. The academic relationships between scientific groups were
described using co-citation and co-authorship. In addition to providing direction for future research,
the co-occurrence analysis is finally presented to identify the themes and clusters within the area.

4. Analysis and Interpretation
4.1 Performance Analysis

There are 174 documents associated with 84 journals or conference proceedings sources. The
documents are taken within the range from 1983 until 2023. Throughout the years, the most
published document is in 2015, with a total of 11 documents. Fluctuation in the publication of
documents between 2005 to 2014 occurred, where 10 documents were published in 2005, 2011 and
2014. A steady increase in the publication is observed between the decades, where a total of 12
documents were produced between 1983 to 1990, 40 documents in the next decade, and increase
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to 47 and 59 documents between 2001 to 2010, and 2011 to 2020, respectively. A detail distribution
on the number of documents by year is shown in Figure 1:
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Fig. 1. Documents by year ranging from 1983 - 2023

The top ten countries that contributed to the production of papers is given in the chart below
(Figure 2). Malaysia contributed the most with 48 documents and followed by United States (45
documents). India and Italy produced 17 documents, while Japan with 16 documents. The countries
are chosen with the minimum of five documents with no minimum number of citations.

Spain N 7
Romania N 3
Canada I 3
China I 9
United Kingdom I 11
Japan IINNNEE 16

Country

Italy I 17
India I 17
United States GGG 44
Malaysia I 48
0 10 20 30 40 50 60

Documents

Fig. 2. Documents by country

Other than the countries that produced the most documents, the most relevant journals and
conference proceedings are given as follows (Table 2), with a condition of obtaining a minimum of
five documents of a source:
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Table 2

Most relevant journals and conference proceedings

No. Source Source type Number of Number of
citations documents

1. Journal of Biological Chemistry Journal 598 7

2. Discrete Applied Mathematics Journal 265 6

3. Nucleic Acids Research Journal 213 6

4. Theoretical Computer Science Journal 210 15

5. International Journal of Computer Mathematics Journal 78 5

6. AIP Conference Proceedings Conference Proceeding 33 24

7. Jurnal Teknologi Journal 4 6

8. Journal of Physics: Conference Series Conference Proceeding 3 6

4.2 Citation Analysis

In the aspect of research policy and research system, citations are becoming more popular as

performance indicators. Aksnes et al., [15] suggested that citations are commonly presumed to
reflect the influence or quality of the research, while Garfield [11] stressed that when assessing and
determining the major contributors in a research work, citation analysis can be a helpful tool for
adding impartiality to the review process at a rather low cost. The citation analysis critically overviews
the most influential and highly cited documents in the DNA splicing system, as given in section 4.2.1.

4.2.1 Most influential documents

Table below shows the most influential documents based on the citation gathered from a paper

published in any Scopus’s journals or conference proceedings. By setting up the number of citations
per document to 91, of the 174 documents, 10 of them meet the threshold. The top ten most
influential documents with its number of citations are given in Table 3.

Table 3
Most influential documents
No. Authors/ Year Title Source title Citation
1. Head (1987) [5] Formal language theory and DNA: An analysis Bulletin of 515
of the generative capacity of specific Mathematical Biology
recombinant behaviors
2. Chong et al., (1996) Protein Splicing Involving the Saccharomyces Journal of Biological 216
[16] cerevisiae VMA Intein: The Steps in the Splicing  Chemistry
Pathway, Side Reactions Leading to Protein
Cleavage, and Establishment of an In Vitro
Splicing System
3. Evans et al., (2000) Protein trans-Splicing and Cyclization by a Journal of Biological 170
[17] Naturally Split Intein from the dnaE Gene of Chemistry
Synechocystis species PCC6803*
4. Ruby and Abelson An Early Hierarchic Role of U1 Small Nuclear Science 163
(1988) [18] Ribonucleoprotein in Spliceosome Assembly
5. Hull et al., Identification of Common Genetic Variation PLoS Genetics 129
(2007) [19] that Modulates Alternative Splicing
6. Pixton (1996) [7] Regularity of Splicing Languages Discrete Applied 119
Mathematics
7. Li and Sugiura Three Distinct Ribonucleoproteins from EMBO Journal 113
(1990) [20] Tobacco Chloroplasts: Each Contains a Unique
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Amino Terminal Acidic Domain and Two
Ribonucleoprotein Consensus Motifs
8. Gordon et al., Metal lon Catalysis during the Exon-Ligation RNA 108
(2000) [21] Step of Nuclear Pre-mRNA Splicing: Extending
the Parallels between the Spliceosome and
Group Il Introns

9. Shi and Muir (2005) Development of a Tandem Protein Trans- Journal of the 102
[22] Splicing System based on Native and American Chemical
Engineered Split Inteins Society
10. Culik and Harju Splicing Semigroups of Dominoes and DNA Discrete Applied 92
(1991) [23] Mathematics

From these ten most cited documents, the direction of writing can be divided into two; biological
and mathematical. Head [5] recorded the highest number of citations, which introduced the most
phenomenal findings called Head splicing system. The discussion on the Formal Language Theory
which linked the theoretical computer science and discrete applied mathematics, had boost more
researches until today. Differ with Head, Chong et al., [16], Evans et al., [17], Ruby and Abelson [18],
Hull et al., [19], Li and Sugiura [20], Gordon et al., [21], and Shi and Muir [22], discussed the splicing
system in biological perspectives. This is significant with the source of journal that published the
papers which fulfil the scope of the journals. Then, Pixton [7] deliberated on the generated splicing
language, that is the outcome of splicing system, while Culik and Harju [23] focused on the splicing
semigroups of dominoes.

4.3 Co-citation Analysis

Tracking sets of research works that are regularly cited in the same source articles is known as
co-citation analysis. Osareh [24] in a research work in 1996 conferred that the process of co-citation
links cited documents together. The new method of co-citation analysis can be used to study the
cognitive structure of science. When multiple writers co-cite the same pairs of papers, research
clusters formed. Usually, these clusters consist of co-cited works with a same theme. According to
Surwasee [25], co-citation analysis, when combined with multidimensional scaling techniques and
single-link clustering, may physically map the structure of science overall as well as specialised
research sectors. In this paper, co-citation analysis is conducted based on cited references.

4.3.1 Co-citation (cited references)
From 3159 cited references, 76 cited references were attained by having the citation threshold

at a minimum number of three citations. Figure 3 depicts a network analysis of DNA splicing system
based on the cited references.
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Fig. 3. Co-citation of authors

The list of top ten cited works is then given in Table 4, arranged by the top ten highest co-cited
total link strength. Top ten of co-citation (cited references)

Table 4

Top ten of co-citation (cited references)

No. Authors/ Year Title Citation Total link
strength
1. Pixton (1996) [7] Regularity of splicing languages 12 87
2. Hopcroft and Ullman (1979) [26] Introduction to automata theory 8 86
3. Head (1987) [5] Formal language theory and DNA: An analysis 8 68
of the generative capacity of specific
recombinant behaviors
4. Bonizzoni and Mauri (2005) [27] Regular splicing languages and subclasses 5 63
5. Head et al., (1997) [28] Language theory and molecular genetics: 5 63
Generative mechanisms suggested by DNA
recombination
6. Berstel and Perrin (1985) [29] Theory of codes 5 62
7. Paun et al., (1998) [30] DNA computing 6 57
8. Paun (1996) [6] On the splicing operation 6 55
9. Perrin (1990) [31] Finite automata 4 55
10.  Culik and Harju (1991) [23] Splicing semigroups of dominoes and DNA 4 52

4.4 Co-authorship Analysis

Co-authorship analysis illustrates the co-authorship link among top authors. This type of analysis
is conducted in order to recognize the main authors who are produced academic work in splicing
system that will benefit researchers in this field in initiating new academic works in the future to
enhance the field of splicing system, and to acknowledge their contribution in the literature on
splicing system. In this paper, the co-authorship analysis is done by seeing the analysis by cited

authors.
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4.4.1 Co-authorship (cited authors)

Of 4225 authors, the lowest number of citations per author is set to 83, giving 10 authors meet
the threshold. From the three clusters, it is observed that the authors are involve in the research of
splicing systems concerning on the development of research on splicing system, splicing languages
and type of splicing systems.

From the co-authorship map as shown in Figure 4, and its data as given in Table 5, there are
research that co-authored from different disciplinary backgrounds, showing the enhancement or
adoption of multi-field in DNA splicing system, for instance, Christy et al., [32] that has affiliation from
mathematics and computer science departments, Selvarajoo et al., [33] from mathematics,
information technology, and science studies departments. In Amos et al., [34], the articles combined
authors from mathematics and computer science background, from six countries. The study that
discussed on the theory of DNA computing had been cited by 64 other publications. This shows that,
the combination of backgrounds and international co-authored had potential in increasing the
number of citations. Another factor that is possible to increase the citation is by collaborating with
industry. For example, article by Evans et al., [17], that combined authors from England Biolabs Inc.,
and also authors from different countries; Switzerland, Canada and United Stated. This research work
had been cited by 170 times.

paun gh.
salomaa a.
rozenberg g.
pixteh d.
pagp g. fongw.h g
zizg@r. he@ ©

bonizzoni p.

M, VOSviewer

Fig. 4. Co-authorship by authors
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Table 5

Co-authorship of top ten authors

No. Authors Citations Total link strength
1. Head, T. 197 1959
2. Rozenberg, G. 127 1753
3. Pixton, D. 139 1749
4. Salomaa, A. 126 1610
5. Paun, G. 148 1456
6. Zizza, R. 94 1410
7. Bonizzoni, P. 84 1330
8. Paun, Gh. 90 1145
9. Fong, W. H. 109 906
10. Sarmin, N. H. 95 906

4.5 Co-occurrence Analysis

In 1999, He [14] suggested that the co-occurrence analysis is used to track scientific progress by
identifying connections between topics in a research field based on the frequency of co-occurrence
of pairs of words or phrases. Additionally, Wang [35] discovered that, the solution to issues with the
keywords and indexes is to include professionals' proficiency in co-occurrence analysis. In this paper,
the co-occurrence analysis is conducted based on author keywords. By setting the least number of
incidences of a keyword to three, from 242 keywords, 30 of them meet the threshold, which divided
the data into six clusters. The following were expanded upon and further discussed based on each
cluster.

Cluster 1 (Red): This cluster is confined with seven keywords (dna, dna computer, restriction
enzyme, splicing language, splicing languages, splicing system, and yusof-goode splicing system) with
the theme “genetics and biotechnology”. The literatures are mainly focused on the research of
splicing systems and splicing languages. Ahmad et al., [36] discussed on the presence of second order
limit language and its splicing languages when the system involved any strings that has two cutting
sites. In addition, Fong et al., [37] focused on the modelling of DNA splicing systems when the system
adopted non-palindromic restriction enzymes. More interestingly, Lim et al., [38], Mudaber et al.,
[39] and Ahmad et al., [40] conducted their research in splicing systems by exploitation of Yusof-
Goode splicing systems, that are literally discussed on the elements of splicing systems in producing
different types of splicing languages, namely single-stage splicing language, two-stages splicing
languages and second-order limit language, respectively.

Cluster 2 (Green): This cluster contains five keywords (automata, computational power, dna
computing, probabilistic splicing system, and regular languages). With the theme “emerging
technologies in computation”, the literatures show an adoption of mathematical approach in solving
problems in splicing system. Khairuddin et al., [41], Bonizzoni et al., [27] and Ray et al., [42] indicated
the use of automata theory in their study. The use of theory will support the DNA computing,
specifically in predicting the output of splicing system, called splicing language.

Cluster 3 (Blue): This cluster contains five keywords (permanent, persistent, second order limit
language, two stages splicing languages, and y-g splicing system). This cluster shows a theme of
“formal languages and compatibility”. In this cluster, the keywords mainly focused on the type of
splicing system, for instance, permanent, persistent, second-order limit language, two-stages splicing
languages and Y-G splicing system. Permanent splicing system which was first introduced by Head [5]
is later adopted in the discussion of two-stages splicing system by Mudaber et al., [43] that was
discussed by using Y-G splicing system, proposed by Yusof et al., [8].
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Cluster 4 (Yellow): This cluster contains four keywords (automata theory, formal languages,
molecular computing, and splicing). This cluster is correlated or linked to cluster 2, where it focused
on the adoption of mathematical approach in the literatures. Other than that, it also linked to cluster
5 that discussed on the mathematical approach in solving problems in splicing system. This is
supported by comprehensive review conducted by Mohd Ruslim et al., [44] that gave an insightful
overview on the adoption of graphical approach in DNA splicing system.

Cluster 5 (Purple): This cluster contains four keywords DNA molecules (dna recombination, formal
language theory, and splicing systems). With the theme of “molecular biology and genetic
engineering”, the literatures mainly focused on the foundation knowledge of splicing system and
splicing language. From the figure, it can be seen that, Cluster 5 is linked to Cluster 1, 2, 3 and 4,
which specify the correlation between the foundation knowledge in splicing system and the adoption
of mathematical approach in splicing system. This is relevant with the framework or Formal Language
Theory by Head [5] that shows the two field that corresponds to the framework that are, theoretical
computer science and discrete applied mathematics.

Cluster 6 (Light Blue): This cluster contains four keywords (dna sequence, image operation,
splicing operation, and turing machine). With the theme of “computational biology and
bioinformatics”, the research works focused on the adoption of mathematical or other methods in
the discussion of splicing system. Zhou et al., [45] transformed the digital image encryption scheme
into DNA sequence based on DNA code theory, while Ray et al., [46] developed a Turing machine
which transformed the input data into the form of DNA sequences.

From the six clusters gained in the co-occurrence analysis as shown in Figure 5, the top 15
keywords are mainly from articles that were developed based on the hybridization of two fields, as
listed in Table 6. The concept presented in the articles were mainly discussed on the splicing system
and the generation of splicing languages. Besides, mathematical approach was injected either in
finding or validating the results. Modification to the splicing system proposed by Yusof in 2012 and
new ideas that applied to the study of wet model of splicing system had proven that this study have
a positive direction to be further explored.
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Fig. 5. Co-occurrence of six clusters
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Table 6

The co-occurrence keywords analysis

Rank Keyword Occurrences Total link strength
1 DNA computing 31 46
2 Splicing systems 29 44
3 Splicing system 18 28
4 Y-G Splicing System 10 19
5 Formal languages 8 17
6 Splicing language 8 16
7 Formal Language Theory 7 12
8 Permanent 5 11
9 Automata 5 11
10 Automata theory 4 10
11 Second order limit language 5 8
12 Splicing operation 4 8
13 Splicing Languages 4 7
14 Turing machine 4 7
15 Splicing 7 6

5. Conclusion

This paper delivers an indication on the most influential papers, authors and countries in splicing
system research founded in the Scopus database. The research was managed by using VOSviewer
software.

The performance analysis was first given. The production of the research works was observed
between 1983 until 2023. This involves 174 documents that had been published in Scopus database
either in journals or proceedings. These documents were originated mostly from Malaysia, followed
by United States, India, Italy and Japan. From the list of Scopus indexed sources, it can be categorized
into two, which are related to mathematical and biological field.

The performance analysis can also be observed from the citation analysis. Ten most cited
documents were discovered, showing the most cited is from a document that was in mathematical
scope. However, seven out of ten documents were from biological scope, that shown among the ten
most cited documents. This shows that, the splicing system is established in biological scope rather
than mathematical scope.

Then, from the co-citation analysis, the trend of the research in the context of DNA splicing
system between 1983 until 2023 was captured. The co-citation analysis was conducted based on
cited references. From the data obtained, it is observed that, the ten highest total link strength
involved ten references that discussed splicing system in mathematical scope.

Then, from the co-authorship analysis, the link between the countries and authors was observed.
Most of the authors that co-authored were also found in the top ten authors in splicing system. The
collaboration among authors shows a pattern of knowledge hybridization where there are multiple
disciplines of authors collaborated in a research work. The collaborations show linkages between
authors from Asian, European, and American countries, which can increase the citation of articles in
the future.

Finally, from the co-occurrence analysis, the trend of research in the future can be predicted. The
highest number of occurrences of a word shows that the word frequently appeared either in the
titles, abstracts, or full texts. This will give direction to scholars in predicting the future trend of
research. For example, in this paper, the future of research involving DNA computing can be
forecasted, where from the six clusters gained, the merging between mathematical and biological
perspectives in DNA splicing systems can be observed. The research in splicing system is expand with
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the implementation of mathematical approach when most of the clusters suggested that the
emerging technologies being the theme of the keywords in the clusters, which is also deliberated in
other research work in other fields as proposed by Johan et al., [47].
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