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Abstract. As market competition intensifies, it is essential to effectively identify tech-
nology opportunities, but existing research lacks an understanding of the evolutionary
dynamics of the field of technology opportunity discovery. To reveal the development of
this field, this study uses keyword characterization of research themes to explore the evo-
lutionary capacity and path of the highly cited literature themes in the field of technology
opportunity discovery during 2011-2022 by using keyword co-word analysis and cluster
analysis methods, based on SciMAT visualization tool, expecting to provide references
for future research. The results reveal a steady growth of research results in this field in
recent years and a strong evolutionary capacity of some themes. However, thematic dif-
ferentiation and integration are common, and research centers are scattered with imma-
ture research overall, presenting five evolutionary paths in four directions: innovation,
genetics, energy, and Internet research.
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1 Introduction

In the increasingly competitive market, innovation has become an important source of techno-
logical progress. As an essential basis for innovation decisions, technological opportunities
need to be identified by searching and mining[1]. Therefore, research to help R&D subjects
discover potential technological opportunities has started to gain importance, a field known as
technology opportunity discovery (TOD). Scholars have conducted related studies. Hall ana-
lyzes the relationship between patent applications and R&D activities at the enterprise lev-
el[2]. Abbas summarizes the features and weaknesses of various types of patent analysis tech-
niques[3]. Ren analyzes the development trend of research from four aspects[4]. Yi comments
on the development focus by sorting out the characteristics of the TOD analysis unit[5]. How-
ever, existing studies analyze the frontier themes in a certain period, which cannot dynamical-
ly demonstrate the evolutionary process of the theme.

The co-word analysis method calculates the closeness of words by counting the number of
simultaneous occurrences in the literature. Further, closely related words can be clustered into
independent theme groups by clustering algorithms[6]. Density and centrality metrics[7] can
describe the intra-class concentration and extra-class correlation of topic clustering and quanti-
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fy the development of themes[8]. SciIMAT can construct keyword co-occurrence matrix and
perform clustering, as well as plot density and centrality-based theme distribution and time-
series-based themes evolution paths to reveal research hotspots and time-varying evolutionary
paths[9].

Therefore, this study employs SciMAT software to create multiple visual maps for highly
cited literature of TOD based on co-word analysis. By analyzing the research hotspots in each
period, the thematic evolution paths and patterns of TOD are identified to provide references
for subsequent research.

2 Data acquisition and processing

In the core collection of Web of Science, " (Technology opportunity) AND (discovery OR
identification OR analysis) " is used as the search term 2011-2022. 2961 valid highly cited
papers are obtained according to Price Law (equation 1), where N and n,,,,, are the minimum
and maximum values of citations per year for a single article. The literature with more than N
citations is called highly cited literature.

N = 0.749 X /Mooy (1)

The singular and plural forms of the same keywords are merged, as well as synonymous key-
words with different lexical properties. Semantically broad words are discontinued. To avoid
data smoothing, the study interval is divided into three time periods: 2011-2014, 2015-2018,
and 2019-2022. The analysis unit is set as a word co-occurrence matrix. The similarity index
of network normalization is E index, and the clustering method is a simple central algorithm.
The average citations of the literature are selected as assessment indicators, representing the
influence of the theme.

3 Analysis of experimental results

3.1  Analysis of the development of the TOD field

As TOD develops, keywords from adjacent periods overlap due to the continuity of research.
Table 1 represents the keyword changes in the research in the TOD field.

Table 1. Statistical table of keyword changes in the TOD field during 2011-2022.

. . Number of existing ~ Number of dead key-  Number of emergence
Time period
keywords words keywords
2011-2014 4286 3003 \
2015-2018 7170 5168 5887
2019-2022 8686 \ 6684

The total number of keywords and the number of newborn keywords keep increasing. The
number of dead keywords in each phase is less than the number of emergence keywords,
which means that the whole field is booming. The number of overlapping keywords accounts
for a relatively small number, which proves the strong innovation capacity of the field.
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Fig. 1. Trends in the output of papers in the field of TOD during 2011-2022.

Fig.1 represents the distribution of the paper output in the field of TOD, which also proves the
above point. The research outputs in this field have shown linear growth in recent years, and
the volume of accumulated papers also shows a significant exponential growth trend. This
reflects the continuous innovation of research and good research prospect. However, most
studies have not received long-term attention and in-depth research from scholars, resulting in
their immaturity.

3.2 Theme evolution capability analysis

The nodes indicate the clustering themes and their literature volume. The horizontal and verti-
cal axes are centrality and density, which represent the strength of the association of the theme
with external themes and internal keywords[10]. Therefore, this study uses the preprocessed
keywords to construct the word co-occurrence matrix and perform clustering, and draw the
theme distribution as shown in Fig.2.
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Fig. 2. Theme Distribution Map of TOD Field during 2011-2022.

2011-2014 has four themes. (i) Upper right quadrant: Themes located in this quadrant are hot
themes in a growing state that have strong evolution capabilities and have evolved their paths
later. (i) Lower left quadrant: ENERGY is dying, but it has a high average citation rate and
may gain continued attention.



Eight themes are clustered for 2015-2018. (i) Upper right quadrant: INTERNET has the high-
est popularity and is an emerging core theme with great development potential. MHEALTH is
a mature theme with low heat. INNOVATION inherits the secondary keywords of IT and still
has a strong evolution capability. (ii) Upper left quadrant: COMMUNICATION and GENE
with decreasing influence and popularity have inherited the core keywords of GENE and IT
respectively, and are professional themes. (iii) Lower left quadrant: CO2-EMISSIONS has
great influence and is a new hot theme. (iv) Lower right quadrant: FUTURE is a theme that
has received attention but has not yet been developed. ENERGY absorbs new keywords, in-
creasing the heat and relevance to the field, and has a strong evolutionary capacity.

Eight themes are clustered for 2019-2022. (i) Upper right quadrant: After absorbing new con-
tent and the FUTURE, INTERNET still maintains the status of the central theme. DEEP-
LEARNING and IMPLEMENTATION are hot and influential in general and are growing
popular themes. (ii) Upper left quadrant: BIOMASS inherited the secondary keywords of
ENERGY, and differentiated to form a new branch. Both it and CIRCULAR-ECONOMY are
not very hot and influential, and they are professional themes with stable development. (iii)
Lower left quadrant: ENERGY shows thematic fragmentation with a decline in the importance
and influence of the field, which may lead to extinction. (iv) Lower right quadrant:
INNOVATION and OPTIMIZATION are differentiated from the previous INNOVATION.
The former has increasing influence and is a popular theme with high development potential,
while the latter is less hot and influential, and is a basic theme to be developed.

3.3  Theme evolution path analysis

The evolution path map shows the flow of data between themes. Nodes are thematic clusters
whose size depends on the amount of literature. The solid or dotted lines between nodes in
adjacent periods indicate that two topics share core or secondary keywords, and the thickness
of the connection line is proportional to the degree of correlation between the themes. Outliers
are independent themes. Fig.3 presents the theme evolution path diagram drawn based on the
relevance of themes in adjacent periods.
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Fig. 3. Theme Evolution Path Map of TOD Field during 2011-2022.



(1) Innovation research: IT=INNOVATION, COMMUNICATION—INN-OVATION. It
pays attention to the TOD methods and innovations in the fields of business and manufactur-
ing. Themes shifted from upper right, upper left to lower right, with average popularity and
influence. However, after the integration of new content, the amount of literature has in-
creased, and the development in the field is more important, which is a basic path with devel-
opment potential.

(2) Genetic research: GENE, TRANSCRIPTOME—GENE. It focuses on the opportunity
discovery of genetic technologies such as transgenics and genome sequencing. After the theme
is merged, it is transferred from the upper right quadrant to the upper left quadrant, which is a
more professional research direction in the field. However, the popularity in the development
process is not high, and due to the lack of new knowledge injection, the influence continues to
decline, which leads to the interruption of the path during 2019-2022.

(3) Energy research: (i) ENERGY—ENERGY—ENERGY, BIOMASS; (ii) CO2-
EMISSIONS—OPTIMIZATION. It identifies technological opportunities for improving en-
ergy efficiency and reducing emissions, including methods such as life cycle studies and simu-
lation. The energy pathway has a general influence, a complex evolutionary process, and a
clear divergence at a later stage. The biomass branch weakened the extinction trend of this
path and became a professional direction with stable development. The optimization path de-
velops from the new theme in the lower left quadrant to the basic theme in the lower right
quadrant, and the popularity rises, which is a basic direction with great development potential
in the field.

(4) Internet research: INTERNET, FUTURE—INTERNET. It is a path that emerged during
2015-2018, focusing on technological opportunities in the Internet of Things, blockchain, and
other directions. This path moved to the upper right quadrant after the theme fusion phenome-
non appeared, and the amount of literature and popularity continued to increase. It is a path in
a growing state with steady development.

4 Conclusions

With the increasing competition in the market, companies and the market need to effectively
identify technological opportunities to improve their competitiveness, and the field of technol-
ogy opportunity discovery has developed, but the evolution of this field is poorly understood
in existing studies. Based on the co-occurrence analysis method, this study uses the keywords
0f 2961 highly cited documents in this field from 2011 to 2022 as the research object and uses
SciMAT to map the theme distribution and theme evolution paths, to analyze the knowledge
evolution pattern of the field and provide a reference for future research. The results show that
the research content has gradually enriched over time, and some themes have strong evolution
capabilities, but the phenomenon of theme differentiation and integration is common. In the
later stages, isolated points and scattered research centers indicate that the overall research is
immature. Five evolution paths are formed in four directions. Among them, Internet research
is a hot direction of continuous development; the optimization sub-path of energy research and
innovation research is a basic direction with great development potential, and the energy sub-
path is a professional direction with stable development; the genetic research path is broken in
the later stage.



However, the selection of keywords still needs to be further explored. Missing keywords in
this study are replaced with database keywords that are not strongly referential to the theme,
which may lead to new themes not being identified quickly. Follow-up studies can further
address the problem and improve the accuracy.
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