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Abstract
[Purpose/Significance] Emerging technology topic identification not only helps
to timely track technology development dynamics, but also enables early capture
of future development opportunities and potential change trends in technology
fields. Reviewing quantitative research methods for emerging technology topic
identification and comparing their advantages and disadvantages can provide
references for the improvement and perfection of emerging technology topic iden-
tification methods. [Method/Process] First, analyze and differentiate the con-
notations of concepts such as “emerging technology” and “emerging technology
topic identification”; then investigate and systematically review qualitative and
quantitative research methods for emerging technology topic identification both
domestically and internationally, focusing on quantitative research methods pri-
marily based on bibliometrics and data mining, and classify them into three cat-
egories: keyword or literature statistical methods, citation network clustering
methods, and text mining analysis methods; finally, comprehensively analyze
the similarities, differences, and existing defects of various research methods in
aspects such as technology topic extraction, construction of emerging technol-
ogy topic identification indicator systems, and method effectiveness validation,
as well as preliminary thoughts on method improvement. [Results/Conclusions]
The three categories of methods each have their own characteristics, advantages,
and disadvantages in the main steps of emerging technology topic identification,
all having room for further improvement. Future research can explore using
deep learning and other technologies for accurate extraction of technology top-
ics, construct more comprehensive and systematic emerging technology topic
identification indicator systems, and conduct more rigorous method effective-
ness validation based on machine learning.
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Full Text
Abstract
Identification of emerging technology topics not only facilitates timely tracking
of technological development dynamics but also enables early capture of future
development opportunities and potential trends. This paper reviews quantita-
tive research methods for emerging technology topic identification and compares
their advantages and disadvantages to provide references for methodological im-
provement and refinement. First, the connotations of concepts such as “emerg-
ing technology” and “emerging technology topic identification” are analyzed and
distinguished. Then, qualitative and quantitative research methods for emerg-
ing technology topic identification at home and abroad are investigated and sys-
tematically reviewed, with particular focus on quantitative methods based on
bibliometrics and data mining. These methods are categorized into three types:
keyword/document statistical methods, citation network clustering methods,
and text mining analysis methods. Finally, the paper comprehensively analyzes
the similarities, differences, and deficiencies of these methods in key steps in-
cluding technology topic extraction, construction of emerging technology topic
identification indicator systems, and method effectiveness validation, along with
preliminary thoughts on methodological improvements. The three categories of
methods each have distinct characteristics, advantages, and disadvantages in
the main steps of emerging technology topic identification, and all have room
for further improvement. Future research could explore using deep learning
and other techniques for accurate technology topic extraction, construct more
comprehensive and systematic indicator systems for emerging technology topic
identification, and conduct more rigorous validation based on machine learning.

Keywords: emerging technology; topic identification; methodology research;
bibliometrics; text mining

2 Related Concepts
2.1 “Emerging Technology” and Related Concepts

In the mid-1990s, the “Emerging Technology Management Research Program”
at the Wharton School of the University of Pennsylvania first proposed the
concept of “Emerging Technology.” Wharton researchers defined emerging tech-
nology as “innovation based on science that may create a new industry or trans-
form an existing one,” encompassing not only technologies arising from radical
innovation—such as biopharmaceuticals, digital imaging, high-temperature su-
perconductors, microrobotics, and laptop computers—but also technologies that
become more innovative through the integration of previously independent re-
search outcomes, such as MRI, fax machines, electronic finance, and internet
technologies [1]. Following this concept’s introduction, domestic researchers
including Lu Ruoyu [2], Li Shiming [3], and Xu Jianguo [4], as well as inter-
national scholars such as S. Cozzens [5] and A. Breitzman et al. [6], provided
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various definitions (see Table ). For instance, Lu Ruoyu et al. [2] viewed emerg-
ing technology as “a new concept, method, or invention based on science that
can create a new industry or transform an existing one, thereby exerting signif-
icant influence on economic structure.” S. Cozzens et al. [5], based on analysis
of nearly 2,000 articles on emerging technologies, defined emerging technology
as “technology that is rapidly growing, emerging, possesses unexploited mar-
ket potential, and is based on high technology. Such technology has enormous
potential but has not yet demonstrated value or achieved industry consensus.”
They identified four characteristics: rapid growth; transformation into some-
thing new during the process; unexploited market or economic potential; and
increasingly close connection with scientific research. In summary, emerging
technology is a newly emerged, rapidly developing technology typically based
on high technology that may open new technological and scientific fields, pos-
sesses enormous market potential, and may create a new industry or transform
an existing one, while still carrying uncertainty at its current stage.

“Emerging technology” shares similarities with but differs from concepts such
as “emerging research field,” “disruptive technology,” and “frontier technol-
ogy.” An “emerging research field” generally refers to new scientific research
focused on exploring new scientific questions and theoretical studies. Compared
to emerging technology, it has lower requirements for market application and
may have smaller socioeconomic impact. However, with the rapid development
of science and technology, the boundary between science and technology has
become increasingly blurred, leading some studies to not strictly distinguish
between “emerging research field” and “emerging technology,” with empirical
analyses typically covering basic research, applied research, and technological
research. C. M. Christensen [9] noted that when new technological innovation
overthrows existing dominant technologies in the market, it is called “disruptive
technology.” Frontier technology refers to major technologies in high-tech fields
that are forward-looking, pioneering, and exploratory—important foundations
for future high-tech updates and emerging industry development. Compared
with disruptive and frontier technologies, emerging technology carries higher
uncertainty, and its commercial value remains only potential and not yet fully
realized.

2.2 “Emerging Technology Topic Identification” and Related Con-
cepts

Technology topics lack clear definition, with different studies interpreting them
variously according to their research purposes and questions, typically refer-
ring to branch technology fields, technology directions, or technology problems
within a technical domain, with varying levels of granularity. In existing quan-
titative research, technology topics are generally revealed through a set of key-
words/phrases or a collection of papers or patents [10]. Patent literature serves
as an important information source for technology analysis, integrating techni-
cal, legal, and economic information with characteristics of novelty, accessibility,

chinarxiv.org/items/chinaxiv-202304.00212 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00212


standardization, retrievability, and long time series. As the boundary between
science and technology becomes increasingly blurred, the connection between
technology topics and research topics grows closer, leading many scholars to
adopt both paper and patent literature simultaneously.

Concepts related to “emerging technology topic identification” include “emerg-
ing topic detection,” “emerging research front identification,” “emerging trends
detection,” “burst word detection,” and “new event detection.” These stud-
ies share the common feature of identifying or detecting emerging topics or
themes that have appeared in recent scientific research activities but have not
yet gained widespread recognition. “Emerging technology topic identification”
generally refers to the identification of newly emerged branch technology fields,
directions, or topics within technology domains, differing from other related
research in terms of identification objects.

3 Methods for Emerging Technology Topic Identification
The evolution, monitoring, and identification of emerging topics in science and
technology have long been of interest to governments, enterprises, and scientists,
with continuous government funding for such research. In the late 1990s, the
U.S. Defense Advanced Research Projects Agency (DARPA) implemented the
“Topic Detection and Tracking (TDT) Program,” which ran for several years
[11]. In 2010, the America COMPETES Act [12] explicitly identified the recog-
nition of emerging and innovative fields as a work objective. In 2011, the Intel-
ligence Advanced Research Projects Activity (IARPA) under the U.S. Director
of National Intelligence funded the “Foresight and Understanding from Scien-
tific Exposition (FUSE)” program [13], aiming to develop automated methods
to systematically, continuously, and comprehensively assess emerging technolo-
gies using information from scientific and technical literature and patents. The
EU’s PromTech project [14] identified emerging technologies through analysis
of paper literature.

Methods for identifying emerging technologies or topics fall into two major cate-
gories: qualitative research methods based primarily on expert subjective judg-
ment, and quantitative research methods using bibliometrics and data mining
on paper and patent literature. Qualitative methods include Delphi method, ex-
pert brainstorming, technology roadmapping, scenario analysis, and TRIZ meth-
ods. For example, the Institute for Prospective Technological Studies (IPTS) at
the European Commission’s Joint Research Centre (JRC) developed a method
(IPTS-TIM) [15] that identifies existing and future technologies by evaluating
their commercialization potential to support technology transfer processes. F.
M. Tseng et al. [16] proposed combining scenario planning, Delphi method, and
technology substitution models to identify emerging technologies. Tan Yi et
al. [17] integrated technology roadmapping with real options methods to iden-
tify and select emerging technologies. Wei Guoping [18] used expert scoring
to identify emerging technologies. With the explosion of information and de-
velopment of computer technology, increasing numbers of scholars have begun
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exploring quantitative analysis based on paper and patent literature data to
supplement expert judgment and compensate for its strong subjectivity. This
paper focuses on quantitative research methods for emerging technology topic
identification, which are categorized into three types according to their focus on
different literature features and attributes: 1) keyword or document statistical
methods; 2) citation network clustering methods; and 3) text mining analysis
methods. The first type focuses primarily on quantitative features of literature
keywords/subject terms and documents themselves; the second emphasizes cita-
tion relationships between documents; and the third delves into text content to
reveal semantic meaning and relationships. These three method types exhibit
numerous differences in technology topic extraction, identification indicator sys-
tem construction, and method effectiveness validation.

3.1 Keyword or Document Statistical Methods

These methods typically obtain technology fields or topics based on existing pa-
per or patent classification systems or through keyword/phrase retrieval, then
represent them using papers, patents, or their subject terms/clusters, and fi-
nally identify emerging technology topics according to features such as changes
in keyword or document quantities over time. A representative method is J.
Kleinberg’s burst detection algorithm [19], which uses an infinite-state automa-
ton to model time-series data, with state transitions in the time series marking
the emergence of burst events. Initially applied to analyzing news article data
streams, this method has been widely used in emerging technology identification
research [20] and has been incorporated into tools such as CiteSpaceII [21], SCI2,
and NetworkWorkbench [22]. M. Bengisu [23] retrieved papers and patents in
major subfields of materials science and engineering through keyword/phrase
searches, compared the temporal growth of papers and patents across subfields,
and extracted rapidly developing emerging technology fields. E. Schiebel [24]
and I. Roche [14] classified keywords into unusual words, established words,
and cross-disciplinary words based on their occurrence frequency, TF-IDF val-
ues, and Gini coefficients to reflect their diffusion across other technology fields,
thereby identifying emerging technologies. T. U. Daim et al. [25] combined
patent analysis with scenario analysis and growth curve analysis to forecast
emerging technologies.

3.2 Citation Network Clustering Methods

Citation relationships between papers or patents can reflect the relevance of
their content and topics to some extent. These methods cluster direct citation
networks, bibliographic coupling networks, or co-citation networks of papers or
patents to group those with similar content or topics into technology topics,
while using citation relationships to measure topic evolution paths and trends
and identify emerging technology topics through a series of indicators. Y. Ka-
jikawa et al. [26] clustered direct citation networks of paper literature to track
emerging technology changes in the energy field, using the average publication
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year of papers in each cluster as an indicator for identifying emerging technol-
ogy topics. H. Small et al. [27] combined co-citation network clustering and
direct citation network clustering methods to identify scientific and technolog-
ical topics with novelty and rapid growth. J. Hopcroft et al. [28] used biblio-
graphic coupling analysis to identify several emerging topics in the computer
field. P. Órdó et al. [29] conducted cluster analysis on patent sets in target
fields based on how patents in those fields were cited by patents from other
fields, extracted sub-technology sets, and captured the emergence and devel-
opment trajectories of emerging technologies by analyzing temporal changes in
these sub-technology sets. A. Breitzman et al. [6] clustered “hot patents” and
“next-generation patents” that cited them based on co-citation relationships
among hot patents, and evaluated clustering results using indicators such as the
proportion of public sector patentees, science index, originality index, and ref-
erence index to extract emerging technology sets. S. Zhang et al. [30] identified
emerging technology topics in the solar photovoltaic field by combining patent
direct citation network clustering with network analysis algorithms. Li Bei et
al. [31] established an emerging technology identification model and related in-
dicator system based on patent bibliographic coupling clustering according to
the core characteristics of emerging technologies and patents, conducting empir-
ical analysis on the nanotechnology field using the US Patent and Trademark
Office’s authorized patent database.

3.3 Text Mining Analysis Methods

With the development of data mining and text analysis technologies, increas-
ing numbers of scholars have attempted to use such methods for technology
trend analysis and emerging technology topic identification. Commonly em-
ployed methods include Subject-Action-Object (SAO) structure extraction, vec-
tor space models, LDA topic models, and machine learning. J. Kim et al. [32]
used text mining and decision tree methods for technology forecasting, extract-
ing features representing technology topic domains from fields such as paper au-
thors, journals, and subject areas, as well as patent assignees and subject areas.
S. Choi [33], J. Yoon [34], Li Xin [35], and Z. Xiao [36] used SAO structure-based
semantic analysis to identify emerging technologies from patents. A patent’s
SAO structure reflects the functional characteristics of the patented technology.
S. Choi et al. constructed co-occurrence networks of nouns and verbs in SAO
structures and analyzed technology development trends and identified emerg-
ing technology topics based on social network analysis indicators such as node
degree and centrality. J. Yoon and Li Xin et al. calculated similarity between
SAO structures to obtain patent similarity, built patent networks, and identi-
fied emerging technology topics through outlier analysis or clustering. Z. Xiao
et al. used text mining methods such as topic word clusters and SAO struc-
ture analysis, combined with technology roadmapping and expert judgment,
to identify potential innovations and commercial applications in the solid lipid
nanoparticle field. Ren Zhijun [37], Zhou Yuan [38], and Dong Fang [39] used
LDA models to construct patent technology topics, representing a patent as a
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probability distribution across several topics and a topic as a probability distri-
bution across several words, then combined a series of indicators with expert
judgment for emerging technology identification. K. I. Filippovich et al. [40]
identified emerging technologies in agriculture and food sectors through ma-
chine learning, ontology mining, and entity association techniques. P. Yu et
al. [41] used self-organizing maps to identify emerging technology topics. Do-
mestic scholar Wang Lingyan et al. [42] constructed a co-word network of high-
frequency subject terms (title keywords) in the industrial biotechnology patent
field, conducted cluster analysis to obtain nine technology topics, and then used
a series of indicators to determine emerging technology topics.

4 Review of Emerging Technology Topic Identification
Methods
All three categories of emerging technology topic identification methods involve
steps including target domain determination, dataset construction, technology
topic extraction, identification indicator system construction, and method effec-
tiveness validation. They differ primarily in technology topic extraction, identifi-
cation indicator system construction, and method effectiveness validation. This
paper compares the three method types across these main steps using a two-
dimensional coordinate diagram, with the vertical axis representing the three
method categories and the horizontal axis representing the three main steps
of emerging technology topic identification (see Figure [Figure 1: see original
paper]).

The differences among the three methods are most pronounced in technology
topic extraction, while they share some common indicators in identification in-
dicator system construction but with different emphases. Method effectiveness
validation shows the greatest commonality across methods. Each method cate-
gory has its own advantages and disadvantages at each identification step, which
are analyzed and discussed below.

4.1 Technology Topic Extraction

Keyword or document statistical methods primarily obtain paper or patent data
topic divisions based on existing classification systems or keyword/phrase re-
trieval. Existing classification systems include Web of Science (WoS) or Scopus
journal classifications and international patent classifications. While this ap-
proach uses universal classification methods that are easily recognized, it strug-
gles to reflect dynamic changes in scientific research and technological develop-
ment. Citation network clustering methods construct technology topics based
on citation relationships between papers or patents, including direct citation
relationships, bibliographic coupling relationships, and co-citation relationships
[43-44]. Compared with methods based on existing classification systems, this
approach reveals relationships between individual documents and can reflect
dynamic technological changes, but has limitations such as diverse citation mo-
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tivations, thematic dissimilarity between cited and citing documents, and time
lags since citations occur after publication. Text mining analysis methods typ-
ically construct technology topics based on text content or word co-occurrence
relationships, such as the co-word network clustering, SAO structures, vector
space models, and LDA topic models mentioned above. These methods, based
on rapidly developing data mining and deep learning technologies, provide deep
revelation of text content and can extract technology topics more accurately,
though they still have room for improvement. Vector space models calculate
based on term frequency, but term frequency struggles to accurately reflect
word semantics and inter-word relationships, making the constructed vectors
inadequate for accurately measuring text topic content. Some studies have
improved vector space models by using external lexicons such as WordNet to
measure semantic similarity between words and combining TF-IDF algorithms
for text representation and classification, but these methods still struggle to ac-
curately measure word meanings based on contextual information [45-46]. The
LDA topic model [47] is a statistical model used to discover abstract topics in a
document collection, representing each document as a probability distribution
across topics and each topic as a probability distribution across words. However,
probability distributions only describe co-occurrence statistical relationships in
the corpus and are not the optimal choice for text feature representation, often
making it difficult to determine exact topic meanings from a set of words.

4.2 Construction of Emerging Technology Topic Identification Indi-
cator Systems

The three method categories each emphasize different indicators in constructing
identification systems. Keyword or document statistical methods typically use
quantity change indicators for papers or patents and subject terms, such as the
paper and patent quantity change indicators used by M. Bengisu et al. [23],
and keyword occurrence frequency, TF-IDF values, and Gini coefficients used
by P. Órdó [29] and E. Schiebel et al. [24], which essentially reflect changes in
document and keyword quantities. Citation network clustering methods employ
more diverse indicators, such as average publication year of papers or patent
grant year in clusters, and changes in the number of papers or patents in clus-
ters. Y. Kajikawa et al. [26] used the average publication year of papers in topic
clusters as an indicator for identifying emerging technologies in the energy field,
with H. Small using similar indicators. Text mining analysis methods use more
indicators that reveal text content, such as relationships and changes of words
in SAO structures and similarity comparisons with known emerging technology
topics. Since citation network clustering and text mining analysis methods can
construct technology topic relationship networks based on citation or content
relationships, they also employ social network analysis indicators such as degree
centrality, betweenness centrality, and structural holes, as used by S. Zhang
[30] and Wang Lingyan et al. [42]. A few scholars have used multi-indicator ap-
proaches for emerging technology topic identification, such as J. Kim et al. [32]
using numbers of paper authors, journals, patent assignees, and subject fields;
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A. Breitzman et al. [6] using assignee types, technology-science links, technol-
ogy originality index, and references to prior technology; and Li Bei et al. [31]
using median patent grant year and number of patent claims. The above anal-
ysis shows that most existing indicator systems inadequately reflect the char-
acteristics of emerging technology topics and have room for improvement and
refinement.

Based on the connotations and characteristics of emerging technology topics and
existing research, the author has constructed an indicator system comprising
seven characteristic dimensions: novelty, scale, growth rate, influence, science
linkage, market potential, and uncertainty (see Table ), which will be evaluated
through experiments in future research.

4.3 Method Effectiveness Validation

All three method categories use expert consultation, policy documents or
roadmaps for corroboration, or comparison with other methods to validate
the effectiveness of identification methods and indicator systems. Text mining
analysis methods have begun exploring more rigorous validation through
construction of training and test sets using relevant evaluation indicators,
though such studies remain limited in number. Expert consultation has the
disadvantage of expert subjectivity and is also influenced by experts’ knowledge
scope. Some scholars use policy documents or roadmaps for corroboration, such
as Y. Kajikawa et al. [26] comparing identified emerging energy technologies
with expert roadmaps drawn by Japanese government agencies, though this
method faces issues of mismatched granularity between identified topics and
roadmaps, as well as reliance on manual interpretation for evaluation. Compar-
ison with existing research methods is also commonly used for validation, such
as Q. Wang [48] comparing identified emerging topics with those mentioned in
existing literature, though this may encounter problems of different definitions
of emerging topics and varying granularity between studies.

4.4 Future Prospects for Emerging Technology Topic Identification
Methods

The accuracy of technology topic extraction based on papers or patent literature
depends on accurate understanding and analysis of document content, which can
be enhanced by rapidly developing data mining and deep learning technologies.
In recent years, some deep learning-based natural language processing models
have achieved good results in text semantic analysis, such as neural network
language models and Google’s 2013 Word2Vec model, which learns distributed
word vectors for text representation using word context information. This can
solve problems such as data sparsity and lack of semantic expression capability,
and to some extent address the inability of co-word network clustering, vec-
tor space models, and LDA topic models to accurately reflect word meanings.
Therefore, the application of such methods to technology topic extraction can
be explored.
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Emerging technologies are characterized by being newly emerged, rapidly de-
veloping, based on high technology, and having enormous market potential.
Existing research on emerging technology topic identification indicators typi-
cally considers only one or a few of these features. The author argues that more
comprehensive and systematic indicators for emerging technology topic identi-
fication should be considered, and then selected through appropriate methods
to optimize identification effectiveness. Emerging technology topic identifica-
tion is essentially a classification problem—dividing a set of technology topics
into emerging and non-emerging categories. Therefore, constructing training
sets for emerging technology topic identification could be considered to select
identification indicators through supervised machine learning, followed by more
rigorous validation of indicator system and method effectiveness using test sets.
Although a few studies have begun using such methods for validation, they
remain exploratory with considerable room for future development.

Moreover, quantitative research methods for emerging technology topic identifi-
cation are often based on small datasets from specific domains. However, with
increasing interdisciplinary integration, emerging technologies are likely to ap-
pear at the intersection of multiple disciplines. Therefore, discovering emerging
technologies from large-scale datasets across multiple disciplines is significant.
Few studies have analyzed large datasets, with H. Small et al. [27] and the ERA-
CEP project [55] identifying emerging research topics based on full-domain pa-
per data over a period, though not specifically emerging technology topics. Most
current emerging technology topic identification involves retrospective analysis
of predetermined domains rather than focusing on methodological research for
identification, typically using topics with burst potential as empirical research
data and then verifying that these topics have burst characteristics or identify-
ing subtopics with the most prominent burst features. Strictly speaking, such
studies are not true emerging technology topic identification.

Through systematic investigation and comprehensive analysis of domestic and
international research on emerging technology topic identification, this paper
categorizes quantitative research methods into three types: keyword/document
statistical methods, citation network clustering methods, and text mining analy-
sis methods. These methods differ in technology topic extraction, identification
indicator system construction, and method effectiveness validation, each with
advantages but also deficiencies. With the development of deep learning and
other technologies, problems in accurately parsing paper and patent text content
and extracting technology topics can be better addressed. Future research could
explore deep learning-based natural language processing models for technology
topic extraction, construct more comprehensive identification indicator systems
based on deep understanding of “emerging technology topic” connotations, and
build training and test sets for emerging technology topics. Supervised machine
learning could be used to learn from emerging technology topic training sets, se-
lect truly relevant indicators, and then more rigorously validate indicator system
and method effectiveness through test sets.
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Abstract: [Purpose/significance] Identification of emerging technology topics

chinarxiv.org/items/chinaxiv-202304.00212 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00212


not only contributes to tracking technological development dynamics but also en-
ables early capture of future development opportunities and trends. Reviewing
quantitative methods for emerging technology topic identification and compar-
ing their advantages and disadvantages can provide references for methodolog-
ical improvement. [Method/process] Concepts such as “emerging technology”
and “emerging technology topic identification” were analyzed; qualitative and
quantitative research methods for emerging technology topic identification were
investigated, focusing on bibliometrics and data mining; quantitative methods
were divided into three categories: keyword/document statistical methods, ci-
tation network clustering methods, and text mining analysis methods; similar-
ities, differences, and shortcomings were analyzed regarding technology topic
extraction, indicator system construction, and method validation; preliminary
improvement thoughts were provided. [Result/conclusion] The three method
types have distinct characteristics, advantages, and disadvantages in the three
steps of emerging technology topic identification, with room for further improve-
ment. Future research could explore deep learning for accurate topic extraction,
build more comprehensive indicator systems, and conduct rigorous validation
based on machine learning.

Keywords: emerging technology; topic identification; methodology research;
bibliometrics; text mining
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