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Abstract

[Purpose/Significance] Technology opportunity discovery holds significant im-
portance for market competition, technology layout, regional innovation, and
industrial development. Reviewing the research progress in this field can clarify
its developmental limitations, thereby further promoting its optimization and
healthy development. [Method/Process] From a holistic perspective of tech-
nological innovation, this study synthesizes various elements of the innovation
process and reviews domain-related research across four dimensions: knowledge
base for technological innovation, innovation environment, innovation approach,
and innovation type. It also summarizes the characteristics of analysis units for
technology opportunity discovery from the perspective of technological inno-
vation elements, and identifies existing problems and development trends in
current research. [Results/Conclusions] The internal attribute of technology
opportunity discovery is the knowledge base for technological innovation, while
its external attribute is the technological innovation environment. Technology
emergence, technology fusion, and technology breakthrough represent common
approaches to technological innovation. Technology opportunities are catego-
rized into three types: emerging technology opportunities, incremental tech-
nology opportunities, and disruptive technology opportunities. In the future,
foundational research on scientific knowledge will be further strengthened, the
synergy of various resource factors will become an innovation trend, the means
of technology opportunity discovery will become more composite and targeted,
the discovery process will be more standardized, and its results will be more
credible.
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Abstract:

[Purpose/Significance] Technology opportunity discovery is of great significance
to market competition, technology layout, regional innovation, and industrial
development. Reviewing the research progress in this field can clarify its de-
velopmental limitations and further promote optimization and healthy growth.
[Method/Process] From a full perspective of technological innovation, this study
integrates various elements of the innovation process and systematically reviews
relevant research from four dimensions: the knowledge base of technological in-
novation, innovation environment, innovation methods, and innovation types.
It also summarizes the characteristics of analysis units for technology oppor-
tunity discovery from the perspective of technological innovation elements and
identifies existing problems and development trends. [Result/Conclusion] The
internal attribute of technology opportunity discovery is the knowledge base
of technological innovation, while its external attribute is the innovation envi-
ronment. Technology rebirth, technology fusion, and technology breakthrough
are common innovation methods. Technology opportunities are classified into
three types: emerging, progressive, and disruptive. In the future, foundational
research on scientific knowledge will be further strengthened, the coordination
of various resource factors will become an innovation trend, discovery methods
will become more composite and targeted, the discovery process will be more
standardized, and results will be more credible.
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In today’s world of increasingly fierce technological competition, identifying
opportunities for technological advancement and occupying the commanding
heights of science and technology has undoubtedly become a key concern for na-
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tions and enterprises. Technology opportunity discovery (TOD), as an emerging
research branch in fields such as technology forecasting and technology futures
analysis [1], holds significant strategic importance for technological competition,
market layout, regional innovation, and industrial development.

Research in technology opportunity discovery has a history of over 20 years
and is currently in a period of rapid development [2], with notable progress in
both basic theories and analytical methods. Conceptual research on technology
opportunities has primarily focused on explaining technological progress [3],
with mainstream thought using technological renewal and advancement as the
fundamental basis for measuring opportunities. Concepts such as industrial
understanding [4], enterprise innovation, technological paradigm shifts [5], and
technology morphology emergence [6] all represent important aspects of current
research and future healthy development in this field.

Chinese scholars have actively studied and summarized relevant research on tech-
nology opportunity discovery both domestically and internationally, attempt-
ing to review the field from perspectives such as comparative studies [1-2] and
methodological discovery [7]. However, existing reviews tend to overemphasize
general research content and development patterns while lacking integration of
technology’s own growth characteristics and additional features, which hinders
in-depth exploration of the essence of technology opportunity discovery. Han
Yan et al. from Nanjing Agricultural University [8] pointed out that technol-
ogy opportunity discovery must focus on the necessary foundations, methods,
and manifestations in the process of new technology formation, but did not
delve deeper into these aspects. The authors argue that the most fundamental
approach to technology opportunity discovery should be grounded in the na-
ture of technology and the innovation process, grasping various technological
innovation elements to truly understand its connotation. Therefore, this study
adopts a full perspective of technological innovation to review existing research
by sorting out various innovation conditions and characteristics, with particular
attention to the internal and external conditions and methods of technological
innovation—including what innovation conditions are utilized, what evolution-
ary pathways are followed, and what types of innovation opportunities are ul-
timately obtained—to clarify the current state and uncover new perspectives,
pathways, and content for technology opportunity discovery.

1. Several Perspectives on Technology Opportunity Dis-
covery

This study’s understanding of technology opportunity discovery draws on W.B.
Arthur’s insights into technological complexity [9], the nature of technology, and
technological evolution mechanisms [10]. Arthur argues that today’s technology
and economy have become highly complex, with technological complexity be-
coming a central point of numerous conflicts and confusions in real life [11].
Regarding the nature of technology, he explains that technology represents a
purposeful programming of phenomena—a collection of captured and utilized
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phenomena—while technological evolution follows a “autopoietic” (self-creating)
mechanism [10]. He also introduces concepts such as “technology and science
share the same origin,” “technology is constituted by technology,” “technologi-
cal invention is the linking of needs and phenomena,” “recursive combination,”
and “domains” [10], which provide important insights for revealing technological
innovation and discovering technology opportunities.

1.1 Knowledge Base of Technological Innovation

The foundation is the root or starting point of development. Arthur’s “nature
of technology” thesis emphasizes that technology’s programming of phenomena
generates countless applications, while science provides theories and methods
for observing, capturing, and predicting phenomena. It is evident that the key
foundation for technology formation is “knowledge,” such as scientific knowl-
edge and technological knowledge, whose operation, configuration, and mutual
transformation create the internal conditions for technological innovation and
opportunity discovery. The linear sequence theory of science and technology
discovery-push (Discovery-push) REMIBRT BMMARER=R. MIZRRALNNA
#=®X. R.R. Nelson [12] pointed out that technology opportunities are closely
related to the characteristics of technology itself (such as past development
trajectories and survival time) and its connections with foundational science,
representing important prerequisites for technology establishment. Regarding
the relationship between science and technology in innovation, Arthur’s [10] con-
cept of “technology and science sharing the same origin” indicates that science
and technology evolve symbiotically.

The carriers of scientific and technological knowledge bases for innovation are
generally papers or patents. Based on the interweaving of basic knowledge ele-
ments, the knowledge base can be divided into single-knowledge-based research
and multi-knowledge-based research according to hierarchical relationships. The
differences between the two are shown in Table 1 . Single-knowledge-based re-
search only considers a single knowledge base, either scientific or technological,
while multi-knowledge-based research involves bidirectional studies of both sci-
entific and technological knowledge.

Table 1. Differences Between Single-Knowledge-Based and Multi-
Knowledge-Based Research

Single-Knowledge-Based Multi-Knowledge-Based
Dimension Research Research
Knowledge Scientific or technological Both scientific and
Elements  knowledge elements technological knowledge
elements
Data Primarily patents Papers and patents

Sources
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Single-Knowledge-Based Multi-Knowledge-Based
Dimension Research Research
Focus Technical characteristics Exploring associations or gaps
themselves between science and
technology
Research Pre-technical scientific Multi-dimensional analysis

Emphasis  foundations

1.2 Innovation Environment

The innovation environment comprises external conditions for technological in-
novation and opportunity discovery. Complex society and economy influence
the construction of complex technological systems, encompassing various com-
plex factors such as markets, innovation actors, and resources. Many theories
reflect the complexity of the innovation environment. For instance, the demand-
pull innovation theory emphasizes that market demand can create countless
opportunities for technological innovation, while opportunity creation theory
[13] recognizes that opportunities are essentially created by entrepreneurs who
gather resources and capabilities to overcome risks and transform ideas into
products and services. Evidently, the comprehensive nature of complex techno-
logical innovation processes is extremely high, as all complex technologies have
witnessed the co-evolution of technology with the organizational networks of its
developers and users [14].

This study divides the innovation environment into market environment and
resource environment. The market environment, based on market circulation
actors, is further divided into technology implementers, technology carriers, tech-
nology users, and technology drivers. Technology implementers refer to technol-
ogy developers, primarily enterprises, while universities and research institutions
outside the industrial chain also provide numerous opportunities. Technology
carriers are products or processes, technology users typically include customers,
and technology drivers are governments and their policies. The relationships
between market actors and technological innovation are illustrated in Figure 1
[Figure 1: see original paper].

The resource environment refers to the integration of various material elements
such as talent, R&D, information, and capital, representing the cost-benefit
structure of technological innovation [13]. Its optimal combination plays a cru-
cial role in influencing the innovation system or the capabilities of innovation
actors.

1.3 Innovation Methods

Innovation methods are specific pathways for technological innovation and pri-
mary sources of technology opportunity discovery. G.S. Altshuller [15] proposed
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that technological systems are constantly evolving. Regarding evolution mecha-
nisms, Arthur [10] identified two main forms: First, “combinatorial evolution,”
where combinations of existing technologies provide potential supplies for new
technologies, enabling evolution through the combinability and recursiveness of
technology’s own structure in a self-cycling manner—reflecting the idea of tech-
nology fusion. Second, the summoning of new technologies by technology oppor-
tunity niches (defined as niches that technology can effectively occupy), because
technology often triggers indirect problems, creating new demands or opportu-
nities for technical support or solutions—that is, contradictions or obstacles
that, when resolved, bring certain technological progress and breakthroughs,
highlighting the importance of breakthrough methods. Additionally, Arthur
[10] noted that new technologies provide potential new elements that may trig-
ger new organizations and pathways—that is, technology rebirth. Synthesizing
these perspectives, innovation methods are categorized into three types: tech-
nology rebirth, technology fusion, and technology breakthrough. Technology
rebirth represents innovation from 0 to 1, technology fusion is the main and fun-
damental manifestation of technological evolution and innovation, and technol-
ogy breakthrough can significantly enhance technical performance or create en-
tirely new opportunities. These three methods are not entirely independent; for
example, attention to technology fusion and rebirth may lead to breakthrough
opportunities, while breakthroughs may trigger a series of technology rebirths
or fusions. The key difference of technology breakthrough is its emphasis on
existing obstacles, whereas technology rebirth and fusion do not focus much on
prerequisites for innovation.

1.4 Innovation Types

Innovation types can be viewed as the results and manifestations of techno-
logical innovation and evolution. R. Foster’s [16] technology life cycle model
indicates that random jumps easily occur at the front end of the technology evo-
lution S-curve, forming “breakthrough technologies” that evolve into emerging
technologies after market introduction and mature through cumulative improve-
ments. Arthur’s [10] “domain” theory suggests that a new domain is initially
filled with various emerging technologies. As it develops, the emerging domain
gradually enters “adolescence” and even “adulthood,” bringing small but useful
progressive improvements. With further maturity, the domain stabilizes until
it is replaced by another new domain in its old age. However, not all domains
complete this cycle; they may mutate, break the cycle, and cause fundamental
changes in key domain technologies, bringing re-domainization—that is, disrup-
tive technological change [16-17]. Based on this, this study categorizes innova-
tion types into emerging, progressive, and disruptive technologies, as shown in
Figure 2 [Figure 2: see original paper].

Emerging technologies emphasize novelty, rise, and development [17] and rep-
resent advantageous sources of innovation. Progressive technology is a form of
incremental innovation and optimization—non-revolutionary minor changes in
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technology. Disruptive technology [18] corresponds to thoroughly innovative
technological possibilities with characteristics of fundamental innovation and
eventual replacement. While both emerging and disruptive technologies involve
novelty and rise, their main difference lies in that disruptive technology’s even-
tual innovation force brings substitution. Compared with emerging technology’s
judgment of new and rising technological progress potential, discovering disrup-
tive technology and its opportunities is more challenging, with factors such
as technical performance breakthroughs, technological frontiers, external factor
coordination, technology fusion, influence, and acceptance rates all playing im-
portant roles. Moreover, various indicators and measurement factors are more
focused than for emerging technology, with significant impact and fundamental
replacement being more prominent.

Table 2. Discrimination of Three Technology Innovation Types

Type Definition Key Characteristics
Emerging Innovative Novelty, relatively rapid growth, high
Technol- technologies based on  uncertainty, significant impact
ogy science that may

create a new industry

or transform an old

one [19-20]
Progressive Incremental Highly path-dependent, follows
Technol- innovation and specific technological trajectories [63]
ogy optimization;

non-revolutionary

minor changes in

technology
Disruptive  Technologies Multiple existing technology
Technol- corresponding to intersections or new technologies
ogy thoroughly innovative  formed in major paradigm shifts [21];

possibilities with

initially lower performance than

fundamental mainstream technologies, primarily
innovation and affecting uncovered markets [22];
replacement changes original performance
characteristics standards, introduces breakthrough

criteria, forms new value systems, and
gradually replaces existing
technologies [23]

2. Research Progress in Technology Opportunity Discovery

2.1 Knowledge Base of Technological Innovation

2.1.1 Single-Knowledge-Based Research Single-knowledge-based re-
search involves analyzing single knowledge elements—considering only scientific
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knowledge or technological knowledge. For example, Wang Guifang [24] and
Pan Donghua et al. [25] used bibliometrics and CiteSpace software to analyze
key technology nodes and domain hotspots in journal papers to discover op-
portunities. J. Ma explored patent compilations to analyze patent topic words
for identifying potential innovation opportunities [26]. B. Yoon proposed an
analysis method for discovering technology opportunities by visualizing patent
information (such as documents and citation relationships) and using patent
maps and link prediction [27]. Kang Yuhang constructed a patent coupling-
cocitation hybrid network from a heterogeneous mixed network perspective,
analyzing technology opportunities by discovering deeper knowledge structures
in new technologies [28]. These studies commonly extract technical knowledge
information (keywords, IPC codes, citations, etc.) and analyze technology
trends and frontiers through text clustering, co-word analysis, outlier detection,
morphology analysis, and patent maps [29] to identify possible opportunities.
Their characteristics include introducing objective panel data, having relatively
systematic analysis frameworks, and objectively identifying technology themes
or morphologies, though they still require expert validation. Additionally, few
studies use only journal papers to discover opportunities, as scholars focus
more on technology characteristics themselves. Moreover, considering only
scientific or technological knowledge elements may omit important technology
components during opportunity discovery. Notably, single knowledge elements
do not mean single data sources; for instance, patent documents, often
considered representatives of technology, may cite scientific knowledge, making
scientific knowledge obtainable from patents as well. However, research using
full-text or citation content from journal papers and patents for technology
opportunity discovery has not yet begun, and effective data acquisition for the
knowledge base of technological innovation needs further optimization.

2.1.2 Multi-Knowledge-Based Research Multi-knowledge-based research
involves comprehensive analysis of multiple knowledge elements, specifically sci-
ence and technology. It is widely recognized that science and technology have
complex bidirectional interactions [30]; thus, comprehensive analysis may reveal
new possibilities for technological development. Currently, the main approach
involves exploring associations between papers and patents or comparing sub-
field differences between them. Topics already reflected in papers but not yet
in patents are generally considered to represent potential technology develop-
ment opportunities. In early research, N. Shibata et al. [31] compared the
citation network structures of scientific publications and patents to identify po-
tential technology commercialization opportunities, with subsequent researchers
conducting a series of improvements and expansions, including using text clus-
tering [32], similarity /correlation calculations [33], and technology combinations
[8] to determine gaps between science and technology for opportunity discovery.
While exploring science-technology differences is considered effective, research
methods are relatively singular, analysis models are somewhat fixed, and dis-
covered opportunities are coarse-grained.
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2.2 Innovation Environment

2.2.1 Market Environment Based on market circulation actors, market
environment elements in technology opportunity discovery include technology
implementers, carriers, users, and drivers.

(1) Technology Implementers: These are the natural persons who judge
technology development and implement innovation, generally referring to
enterprises. Universities and research institutions outside the industrial
chain also provide numerous opportunities. The main research approach
involves examining R&D layouts, competition [34-35], capabilities [36],
and industry-university-research cooperation [37] of innovation actors to
discover possibilities. For example, Kou Cuicui et al. [36] analyzed enter-
prises based on technology similarity and capability, constructing forward-
looking technology assessment indicator systems to identify opportunities
using K-means and text mining.

(2) Technology Carriers: Products or processes are the ultimate manifesta-
tions of technological innovation. More market-demand-aligned opportuni-
ties can be discovered from commercial applications and products [38-39],
with functional analysis being the primary method. J. Yoon et al. [38]
proposed a function-based technology opportunity discovery framework
using semantic similarity relationships between technologies and products
to identify potential opportunities. Although functional methods rely on
natural language processing to extract functional knowledge with complex
processes, their structure clearly represents system relationships.

(3) Technology Users: These generally include suppliers and users within
industries who influence product, process, and technology improvements
[3], primarily through demand analysis. For instance, Wu Min and Feng
Lijie mined target user needs and extracted technology elements to form
a market-oriented disruptive innovation opportunity identification path
[40-41]. B. Jeong et al. used social media data with topic modeling and
sentiment analysis to discover potential market product improvement op-
portunities [42]. However, such research is relatively scarce, making it
difficult to meet diverse needs through demand trajectory analysis.

(4) Technology Drivers: Government policies and R&D guidance are im-
portant innovation factors, mainly by studying regional technologies and
policies to evaluate market innovation environments. Jiang Man [37] noted
that government-guided innovation enhances collaborative innovation to
discover opportunities, with industrial policies and inter-regional technol-
ogy exchanges promoting technology opportunity discovery.

2.2.2 Resource Environment Inputs of capital, talent, R&D, and other re-
sources all represent the cost-benefit structure of technological innovation [13].
Commonly used resource indicators include research investment, knowledge, or-
ganizational management, and usage benefits. Wang Jinfeng et al. believed that
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R&D opportunities should focus on research input, technological advancement,
usage frequency, and benefits, combined with patent morphology analysis and
evaluation weights to obtain more effective and objective domain opportuni-
ties [43]. Jiang Man et al. considered that innovation resource subsystems in
opportunity identification mainly include knowledge, technology, capital, and
information elements, which must flow optimally within the system to achieve
functionality [37]. Currently, research on technology resources focuses more
on analyzing their impact on opportunities, with few studies utilizing various
resources to achieve optimal allocation for assisting opportunity discovery.

2.3 Innovation Methods

2.3.1 Technology Rebirth Technology rebirth often arises from discovering
technology gaps, where domain experts use technology matrices [44], patent
maps, and morphology analysis methods [7] to identify unaddressed areas and
further combine them with future development potential to discover opportu-
nities. B. Yoon et al. used technology keywords to build GTM patent maps
to mine technology blank spots for preliminary opportunities, combined with
link prediction algorithm evaluation metrics to measure opportunity value for
further screening [27]. S. Lee and Gong Huiqun et al. used principal compo-
nent analysis to generate multi-dimensional technology blank patent maps for
industries, supplemented by patent values around blank technologies to evalu-
ate opportunity importance and trends [45-46]. These methods, regardless of
how they reduce technology dimensions into patent maps, embody technology
rebirth thinking. However, current mining methods are relatively fixed, and
more sophisticated big data dimensionality reduction methods or additional re-
birth technology mining means need enrichment. Moreover, while technology
rebirth can discover many opportunities, its development has high uncertainty
[37], requiring strengthened evaluation and follow-up tracking.

2.3.2 Technology Fusion Technology fusion in opportunity discovery re-
search includes intra-domain and cross-domain forms. Intra-domain fusion in-
volves convergence between different technology branches within the same field,
using combination analysis, knowledge association, and morphology analysis to
extract, judge, combine, and represent possible opportunity components. Han
Yan et al. used edge centrality indicators and knowledge unit integration meth-
ods to find opportunities in the form of “knowledge association” fusion [8]. B.
Yoon et al. discovered new domain opportunities through morphology methods
by changing shapes (specific attributes of technology variables) and dimensions
(technology variables) [47]. These analyses can obtain fine-grained opportunities
but face issues such as difficulty in standardizing technology keyword selection,
heavy reliance on expert experience, combinatorial explosion, and simplistic
evaluation [48-49)].

Cross-domain fusion expands from specific technology fields to heterogeneous do-
mains, broadening discovery scope, generally characterizing technologies from
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citation, classification, and topic perspectives. Early fusion research measured
technology convergence degree and monitored trends to discover opportunities—
that is, measuring technological convergence [50]. Recently, future-oriented
fusion analysis emphasizing potential and prediction has gained attention. I.
Park used bibliographic coupling and edge betweenness to represent predicted
technology knowledge flow (TKF) directions, extracting potential and emerging
knowledge flow links to predict potential TKF between heterogeneous domains
for analyzing fusion opportunities [51]. Zhai Dongsheng et al. used new or
enhanced citations between IPCs to define opportunities under knowledge flow
and predicted new or future deeper fusion technologies using SVM and linear re-
gression link prediction models [52]. It is foreseeable that future-oriented fusion
will more efficiently assist opportunity discovery, though heterogeneous knowl-
edge fusion still faces data and relationship limitations, with multiple objects,
relationships, and large data volumes being breakthrough directions.

2.3.3 Technology Breakthrough Attention to technology fusion [52] and
disruptive technologies may bring breakthrough opportunities, but technology
breakthrough emphasizes pre-existing technical obstacles. Huang Lucheng be-
lieved that technical obstacles are prerequisites for opportunities and serve as
incentives for innovation [53]. Such research generally tracks industrial paths
[54], identifies key technologies [54-55], finds breakthrough patterns, and solves
bottlenecks or obstacles. TRIZ innovation methods [56] and morphology anal-
ysis [57] are relatively effective and can yield specific, targeted opportunities.
However, analyzing technical obstacles relies heavily on domain expert knowl-
edge and capabilities during morphology mining, making methods that handle
large data volumes and reduce expert dependence worth exploring. For exam-
ple, Wang Xuefeng et al’s new morphology analysis effectively addressed these
pain points, transforming traditional morphology matrix attributes into domain
key technical problems and solutions to provide beneficial ideas for opportunity
discovery [55].

Technology anomaly detection is another breakthrough form, typically consider-
ing anomalies as potential innovations breaking established rules, mainstream
trends, and patterns [57], using methods such as LOF [56] and ABOD [58]
for outlier patent detection. Huang Lucheng used anomaly detection meth-
ods and patent market value assessment systems to discover potential anoma-
lous patent opportunities [58]. Relatively speaking, discovering opportunities
through anomalies focuses more on identifying existing opportunities, but how
breakthrough these opportunities are, their transformation strength, and market
value remain unknown. Current evaluations mostly rely on expert experience
or qualitative judgment combined with TRIZ technology system evolution laws
[56], making them highly subjective and requiring further assessment.
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2.4 Innovation Types

2.4.1 Emerging Technology FEmerging technology opportunity discovery
emphasizes the “emerging” aspect. Current research focuses on two aspects:
first, identifying opportunities within emerging industries using common patent
analysis, bibliometrics, and web mining methods [54, 59]. For example, Li
Qianrui used SAO (subject-action-object) semantic analysis to identify techni-
cal solutions for major research problems in emerging technology industries and
built technology roadmaps to discover opportunities [54]. Second, establishing
feature-selection-centered opportunity discovery models by identifying indica-
tors with new and rising technological progress potential. Y. Geum et al. used
novelty detection techniques to analyze emerging technology patterns to deter-
mine opportunities [60], while Ren Zhijun et al. built a TOD model consisting
of an emerging technology discovery model (ETD) and a technology life cycle
discovery model (TLCD) to identify opportunities by selecting emerging tech-
nologies and predicting maturity [61]. These rule-based studies depend on the
accuracy, representativeness, and comprehensiveness of indicator establishment,
potentially overlooking valuable opportunities measurable by other indicators.
Additionally, technology evolution [54] and patent citation networks [62] can
identify emerging opportunities, but citation networks may miss key informa-
tion because emerging technologies require time to form scale networks.

2.4.2 Progressive Technology Progressive technology is the most common
innovation type, achieving innovation through cumulative improvements under
existing technology trajectories and paradigms. A key characteristic is high
path dependence, following specific technological trajectories [63], making time-
change detection methods such as technology evolution [64] and patent cita-
tion analysis [28] important for opportunity discovery. For example, J. Choi
used sequential pattern mining to capture focal technology dynamics to identify
candidates and opportunities [34]. Another characteristic is solving local con-
flicts and improving performance [65], making opportunities often discovered
through technical contradictions and breakthroughs—similar to breakthrough
innovation methods. Typical approaches include technology efficacy [64], TRIZ
[54], and innovation maps [66]. For instance, Yue Junju et al. built a two-level
multi-dimensional technology innovation map based on hidden relationships in
innovation elements and expert experience to identify more specific and feasi-
ble domain opportunities [66], though this process requires substantial manual
experience, limiting replicability and expandability. Overall, progressive tech-
nology opportunity discovery is relatively common, but less attention is paid to
subsequent opportunity development, making it relatively easy to grasp.

2.4.3 Disruptive Technology Corresponding to thoroughly innovative pos-
sibilities with fundamental innovation and replacement characteristics, current
disruptive technology opportunity discovery focuses on concepts, features, and
operational mechanisms, using technology evolution, roadmaps, scenario plan-
ning, Delphi methods, multi-indicator assessment models, and bibliometrics [18]
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to identify disruptive technologies. However, specific research on disruptive op-
portunity discovery is limited, with most studies focusing more on technology
prospect detection or disruptive discrimination. Since disruptive features are
difficult to define accurately, judgments relying on thin historical data affect
timeliness and accuracy. Some scholars have taken alternative approaches, inte-
grating market characteristics based on disruptive innovation’s market demand
features and technical characteristics [40-41]. For example, Feng Lijie et al. ana-
lyzed low-end market user needs and technology life cycles to identify pathways
for low-end market disruptive innovation opportunities [41]. However, build-
ing a more comprehensive discovery framework that grasps both internal and
external disruptive technology features remains a significant challenge.

3. Analysis of Research Progress

By analyzing progress in technology opportunity discovery, this study answers
the initial questions:

The internal and external attributes of technology opportunity discovery include
the knowledge base and innovation environment of technological innovation.
The knowledge base refers to scientific and technological knowledge as internal
conditions, while the innovation environment includes market environments with
various actors and resource environments comprising material elements.

Technology rebirth, fusion, and breakthrough are common innovation methods
for discovering opportunities. Technology rebirth involves 0-to-1 innovation;
technology fusion involves convergence or combination of different technology
branches or components; and technology breakthrough emphasizes solving pre-
existing obstacles to enhance performance. These evolutionary forms differ but
are also interwoven.

Technology opportunity types include emerging, progressive, and disruptive
technologies. Emerging technologies emphasize novelty and rising characteris-
tics, progressive technologies involve incremental innovation and optimization,
and disruptive technologies correspond to thoroughly innovative possibilities
with eventual replacement characteristics.

Overall, the field is forming a relatively standardized and systematic research
paradigm, with technological evolution laws widely applied. Certain innovation
elements have formed relative advantages, such as emerging and disruptive tech-
nologies gradually establishing their own dominance. Additionally, analyzing
each innovation element reveals common analysis units including data sources,
discovery methods, opportunity definitions, representation units, evaluation in-
dicators, and granularity, as detailed in Table 3 .

Table 3. Analysis Units for Technology Opportunity Discovery from
the Full Innovation Perspective

chinarxiv.org/items/chinaxiv-202304.00648 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00648

ChinaRxiv [$X]

Innovation Opportunity Evaluatio®pportunifyepresentative
Ele- ResearcRata DiscoverPefini-  Representhitina- Granu-  Litera-
ment Type SourceMethod tion Unit tor larity ture
Knowledgfingle- PapersPatent Keywords KeywordsExpert  Multi- Li Hui
Base knowledge  maps, cluster- IPC, experi-  dimensiondR9]
patentout- ing, SAO ence, analysis
lier SAO, TRIZ
de- 1IPC evolu-
tec- tion
tion laws
Multi- PapersSubfield InconsisteniKeywordsMulti-  Coarse- N.
knowledged  dif- topics SAO dimensiongtained  Shibata
patentger- be- cluster- analy- [31]
ence tween ing sis
method papers
and
patents
Innovatioklarket Patent&unctiorilechnologi&A O Novelty, Coarse- J. Choi
Envi-  envi- prod- anal- similar  struc-  com- grained, [34];
ron- ron- uct  ysis, to ture, plex- direc- Kou
ment ment de- simi- actors key- ity, tional Cuicui
scrip- larity words,  impor- [36]; J.
tions, meth- patent  tance, Yoon
user ods clus- busi- [38]
data ters ness
models
Resourdmnovafipstem Optimal KnowledgBystem - Jiang
envi- re- anal- re- tech- func- Man
ron-  source ysis source  nol- tional- [37]
ment  Sys- combi- ogy, ity
tems nation capi-
tal,
infor-
mation
InnovaticliechnolBggentBlank  Sparse/blaliRC, Importandéparse- J. Yoon
Meth-  re- blanksanal-  tech- key- trend grained  [38];
ods birth ysis, nologies word analy-  but Gong
adja- clus- sis evalu- Huiqun
cent ters able [46]
patents,
out-
lier
de-
tec-
tion

chinarxiv.org/items/chinaxiv-202304.00648

Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00648

ChinaRxiv [$X]

Innovation Opportunity Evaluatio®pportunifyepresentative
Ele- ResearcRata DiscoverPefini-  Representhitina- Granu-  Litera-
ment Type SourceMethod tion Unit tor larity ture
Technoldgw Novelty (Potential) KeywordsNovelty, Multi- B. Kim
fu- com- de- new ci- SAO, impor-  dimensiongB0]
sion  bi-  tec- tations  IPC tance,  more
na- tion, or key-  pairs fusion  specific
tions TRIZ, word poten-
link combi- tial
pre- nations
dic-
tion
TechnolBggakilfR1Z, Technologidechnologkotential Multi- Wang
break- ob-  anomalybreak- solu- value, dimensionaXuefeng
througlsta-  de- ing tions,  feasi- more [55]
cles  tec- barriers expert  bility specific
tion or judg-
outliers  ment
InnovatiohmergimtatentdechnoléPgchnologi®atent  Multi-  Relatively Li
Types tech- sur- roadmapseeting quan- dimensionspecific ~ Qianrui
nol- vey TOD novelty tity, combi- [54]
ogy data mod- features growth nation
els trends
Progres$latentdechnoldBachnologitk C Potential Relatively Zhu Lin
tech- key- evo-  with combi- value,  specific [64];
nol-  words,lu- develop- na- nov- Kang
ogy SAO tion, ment tions, elty, Yuhang
effi- poten-  techni- feasi- [28]
cacy  tial cal bility
ma- terms
trix
DisruptRatentdlarket Technologidanovatioixpert Less in- Wu Min
tech- mar- de- meeting dimen- quali-  volved  [40];
nol- ket mand wuncov-  sion tative Feng
ogy data anal- ered combi-  judg- Lijie [41]
ysis user na- ment
needs tions

From these analysis units, several issues require attention:

(1) Imbalanced attention to knowledge base elements: Early-stage sci-
ence lacks attention and emphasis. Arthur noted that science and tech-
nology are intertwined and interdependent when explaining technology’s
nature, with science built on technology and technology applied to science
[10]. However, research has focused heavily on technology itself, with data
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concentrated in patent literature and methods developed specifically for
patent texts, which is not conducive to early-stage foundational discovery.

(2) Insufficient integration of multi-dimensional factors: Most studies
do not fully combine technology, innovation environment, and innovation
methods, lacking systematic research with fragmented perspectives. C.
Elizabeth pointed out that technology’s complexity and the comprehen-
sive nature of innovation require opportunity discovery to neglect no detail
[67]. Arthur’s combinatorial evolution theory [10] suggests that combin-
ing different elements in the innovation process can create new opportuni-
ties, but multi-dimensional, multi-factor research remains limited. Future
research should focus on how different dimensions affect opportunity dis-
covery, the mechanisms and effectiveness of multi-factor influences, and
strengthening technology collaborative innovation.

(3) External constraints hindering evolution: Not all technologies follow
complete development curves, and innovation methods neglect social se-
lection in technological evolution, including market and government selec-
tion that interact with evolution to affect opportunity discovery. Arthur
noted causal circular relationships between economy/society and technol-
ogy, with mutual influence and adjustment [10]. Additionally, technology
and institutions share similar natures with strong path dependence that
“locks in” existing technological paths, making it challenging to break ex-
isting constraints to discover opportunities [10].

(4) Limited reach of discovery methods: Many methods have low impact
on innovation progress. While citation analysis, network analysis, and
patent analysis are used, more advanced methods such as full-text analysis,
deep learning, and knowledge graphs [69] are needed. These can reveal
internal structures and hierarchical relationships, showing strong vitality
for handling large-scale heterogeneous data.

(5) Issues in the discovery process: Early definitions follow single rules,
representation units (IPC, keywords, SAO) have varying expressive power,
and most units are extracted from titles, abstracts, or keywords, insuffi-
ciently reflecting technology development. Evaluation is simple, lacking as-
sessment of feasibility, timeliness, risk, and demand, with different criteria
for different opportunity types. Some studies use simple data validation,
expert opinions, or literature comparisons, making evaluation validity dif-
ficult to judge. Opportunity granularity is often coarse, focusing on new
or possible progress directions.

4. Future Outlook

Based on the review, future development trends include:

(1) Enhanced scientific knowledge foundation research: Focusing on
scientific innovation opportunities, especially possibilities in scientific
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knowledge bases related to patented technologies, may achieve “compre-
hensive yet focused” effects. Future research can concentrate on deep
comparisons to understand specific differences and connections between
opportunities discovered from papers versus patents.

(2) Coordinated resource factors for cross-domain discovery: Collab-
orative innovation integrates and optimizes resource elements from various
dimensions, beneficial for practical operations. Future combinations and
interactions between different elements [37] will be effective approaches.
Industrial factors will become more prominent, with multi-industry fu-
sion, analogy, or common technology [68] analysis providing new insights.
Market-oriented opportunities will gain momentum later, not only pro-
moting early discovery but also incentivizing transformation.

(3) More composite and targeted analytical methods: First, analyzing
more expressive technical texts including industrial economic data, social
media data, and technology requirement documents (which directly show
innovation needs). Second, targeted mining of text segments containing
technological progress, such as conclusions in review papers or technical
backgrounds in patents that discuss current deficiencies, directions, and
prospects. Third, dynamic, semantic, and composite methods will com-
bine multiple analytical approaches for complementary advantages, such
as full-text analysis for papers and integrated citation-collaboration net-
works for patents. Patent science citation analysis, complex network anal-
ysis, and data mining will enhance effectiveness.

(4) More standardized processes with more credible results: Defini-
tions and boundaries will become clearer, distinguishing between domain-
specific opportunities, R&D opportunities, and market expansion oppor-
tunities, each forming dominant methods. Evaluation and follow-up will
gain importance, with multi-dimensional evaluation indicators improved,
especially for feasibility, risk, timeliness, and demand. Optimization al-
gorithms can discover optimal opportunities [7], and discovery-validation
will emphasize practicality [39].

References

[1] Li Yang, Xu Peiyang. Analysis of current research status on technology
opportunities at home and abroad [J]. Information Research, 2013, 183(1):
7-11.

[2] Wang Kun, Wang Jing’an, Chen Tianming, et al. The context, schools, and
trends of technology opportunity research at home and abroad [J]. Journal of
Nanjing Tech University: Social Science Edition, 2019, 18(2): 98-110.

[3] Porter AL, Jin XY, Gilmour JE, et al. Technology opportunities analysis:
integrating technology monitoring, forecasting, and assessment with strategic
planning [J]. SRA Journal, 1994, 26(2): 21-31.

[4] Klevorick AK, Levin RC, Nelson RR, et al. On the sources and significance

chinarxiv.org/items/chinaxiv-202304.00648 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00648

ChinaRxiv [$X]

of interindustry differences in technological opportunities [J]. Research Policy,
1995, 24(2): 185-205.

[5] Olsson O. Technological opportunity and growth [J]. Journal of Economic
Growth, 2005, 10(1): 35-57.

[6] Ma Tingting, Wang Xuefeng, Zhu Donghua, et al. Research on patent-based
technology opportunity analysis methods [J]. Studies in Science of Science,
2014(3): 334-342, 383.

[7] Ren Haiying, Wang Qian. Research status, trends, and problems of
technology opportunity discovery methods [J]. Information Research, 2020,
64(4): 125-135.

[8] Han Yan, Peng Aidong. Technology opportunity identification based on
three elements of technology formation—taking medical service robots as an
example [J]. Information Studies: Theory & Application, 2020, 43(4): 51-59.
[9] Arthur WB. Complexity and the economy [M]. Translated by Jia Yongmin.
Hangzhou: Zhejiang People’s Publishing House, 2018.

[10] Arthur WB. The nature of technology: what it is and how it evolves
[M]. Translated by Cao Dongming, Wang Jian. Hangzhou: Zhejiang People’s
Publishing House, 2018.

[11] Rickover DW, Dong Kaishi. The complexity challenge: technological
innovation for the 21st century [M]. Translated by Li Ning. Beijing: Peking
University Press, 2016.

[12] Nelson RR, Winter SG. Simulation of Schumpeterian competition [J].
American Economic Review, 1977, 67(1): 271-276.

[13] Buenstorf G. Creation and pursuit of entrepreneurial opportunities [J].
Journal of Economic Behavior & Organization, 2007, 28(4): 323-337.

[14] Wade J. Dynamics of organizational communities and technological
innovation [J]. Small Business Economics, 2007, 28(4): 323-337.

[15] Ren Jianliang. Research on technology forecasting at technology evolution
branch points [D]. Tianjin: Hebei University of Technology, 2016.

[16] Foster R. Working the S-curve: assessing technological threats [J]. Research
Management, 1986, 29(4): 17-20.

[17] Takaya O, Yuya O, et al. Assessing the industrial opportunity of academic
research with patent relatedness: a case study of polymer electrolyte fuel cells
[J]. Technological Forecasting & Social Change, 2015, 90: 469-475.

[18] Liu Qiuyan, Wu Xinnian. Review of disruptive technology discovery
methods at home and abroad [J]. Library and Information Service, 2017, 61(7):
127-136.

[19] Day GS, Schoemaker PJH. Wharton on managing emerging technologies
[M]. Translated by Shi Ying. Beijing: Huaxia Publishing House, 2002.

[20] Wang Wu, Wu Xinnian. Review of emerging technology identification
methods [J]. Library and Information Service, 2020, 64(4): 125-135.

[21] Steven TW, Walsh ST. Infrastructure for emergent industries based on
discontinuous innovations [J]. Engineering Management Journal, 2015, 12(2):
23-32.

[22] Tellis GJ. Disruptive technology or visionary leadership? [J]. Journal of
Product Innovation Management, 2006, 23(1): 34-38.

chinarxiv.org/items/chinaxiv-202304.00648 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00648

ChinaRxiv [$X]

[23] Rafii F, Kampas PJ. How to identify your enemies before they destroy you
[J]. Harvard Business Review, 2002, 80(11): 115-123.

[24] Wang Guifang, He Tao, Ma Tingcan, et al. Technology opportunity
identification in biological NMR based on scientific literature [J]. Science and
Technology Management Research, 2016, 36(10): 142-147.

[25] Pan Donghua, Xu Keke. Technology opportunity analysis based on co-word
analysis [J]. Science Research Management, 2014, 35(4): 10-17.

[26] Ma J, Porter AL. Analyzing patent topical information to identify tech-
nology pathways and potential opportunities [J]. Scientometrics, 2015, 102(1):
811-827.

[27] Yoon B, Magee CL. Exploring technology opportunities by visualizing
patent information based on generative topographic mapping and link predic-
tion [J]. Technological Forecasting and Social Change, 2018, 132: 105-117.

[28] Kang Yuhang. Technology opportunity analysis based on “coupling-
cocitation” hybrid networks [J]. Journal of the China Society for Scientific and
Technical Information, 2017, 36(2): 170-179.

[29] Li Hui, Qiao Xiaodong. Preliminary study on technology opportunity
analysis methods based on scientific literature [J]. Journal of Intelligence,
2007(5): T4-76.

[30] Dong Kun, Xu Haiyun, Luo Rui, et al. Review of science-technology rela-
tionship analysis [J]. Journal of the China Society for Scientific and Technical
Information, 2018(6): 642-652.

[31] Shibata N, Kajikawa Y, Sakata I. Extracting the commercialization gap
between science and technology: case study of a solar cell [J]. Technological
Forecasting and Social Change, 2010, 77(7): 1147-1155.

[32] Wang M, Fang S, Chang Y. Exploring technological opportunities by
mining the gaps between science and technology: microalgal biofuels [J].
Technological Forecasting & Social Change, 2015, 92: 182-195.

[33] Huang Lucheng, Wang Jingjing, Li Xin, et al. Technology opportunity
analysis of perovskite solar cells based on papers and patents [J]. Journal of the
China Society for Scientific and Technical Information, 2016, 35(7): 686-695.
[34] Choi J, Jeong B, Yoon J. Technology opportunity discovery under the
dynamic change of focus technology fields: application of sequential pattern
mining to patent classifications [J]. Technological Forecasting and Social
Change, 2019, 148: 119737.1-119737.12.

[35] Kou Cuicui, Luo Suping, Yuan Hongmei. Analysis of technology
opportunity implementation paths under global competition—taking the
biopharmaceutical industry as a sample [J]. Journal of Intelligence, 2019, 38(6):
50-56.

[36] Kou Cuicui, Jin Jin, Wu Yakun, et al. Technology opportunity identifi-
cation for SMEs based on technology similarity and capability analysis [J].
Information Studies: Theory & Application, 2019, 42(8): 104-109.

[37] Jiang Man, Sun Minghan, Yu Xiang, et al. Technology opportunity
identification model from collaborative innovation perspective—taking Chinese
intelligent robots as an example [J]. Information Studies: Theory & Applica-
tion, 2020, 43(5): 156-162.

chinarxiv.org/items/chinaxiv-202304.00648 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00648

ChinaRxiv [$X]

[38] Yoon J, Namuk K, Kim J, et al. A function-based knowledge base for
technology intelligence [J]. Industrial Engineering & Management Systems,
2015, 14(1): 73.

[39] Yoon J, Park H, Seo W, et al. Technology opportunity discovery (TOD)
from existing technologies and products: a function-based TOD framework [J].
Technological Forecasting & Social Change, 2015, 100: 153-167.

[40] Wu Min. Research on technology opportunity identification paths for
new-market disruptive innovation [D]. Zhengzhou: Zhengzhou University, 2019.
[41] Feng Lijie, Wu Min, Wang Jinfeng, et al. Research on technology oppor-
tunity identification paths for low-end market disruptive innovation [J]. Soft
Science, 2019, 33(4): 91-98.

[42] Jeong B, Yoon J, Lee JM. Social media mining for product planning: a
product opportunity mining approach based on topic modeling and sentiment
analysis [J]. International Journal of Information Management, 2019, 48:
280-290.

[43] Wang Jinfeng, Wu Yaomin, Yue Junju, et al. Research on technology op-
portunity identification paths in innovation processes [J]. Science & Technology
Progress and Policy, 2017, 34(8): 82-86.

[44] Guo Jing, Tan Runhua, Jiang Ping, et al. NDI technology opportunity
identification for ATMs based on patent analysis [J]. Machine Design, 2015,
(10): 64-72.

[45] Lee S, Yoon B, Park Y. An approach to discovering new technology
opportunities: keyword-based patent map approach [J]. Technovation, 2009,
29(6): 481-497.

[46] Gong Huiqun, Liu Qiongze, Huang Yao. Research on technology opportu-
nity discovery in robotics industry—based on patent text mining [J]. Science &
Technology Progress and Policy, 2014, 31(5): 70-75.

[47] Yoon B, Park Y. A systematic approach for identifying technology oppor-
tunities: keyword-based morphology analysis [J]. Technological Forecasting &
Social Change, 2005, 72(2): 145-160.

[48] Wang X, Ma P, Huang Y, et al. Combining SAO semantic analysis and
morphology analysis to identify technology opportunities [J]. Scientometrics,
2017, 111(1): 3-24.

[49] Wang Jiwu, Huang Lucheng, Lu Wenguang. FEmpirical research on
technology opportunity evaluation based on morphology and conjoint analysis
[J]. Shanghai Economic Review, 2008, (5): 66-75.

[50] Kim B, Gazzola G, Lee JM, et al. Inter-cluster connectivity analysis for
technology opportunity discovery [J]. Scientometrics, 2014, 98(3): 1811-1825.
[61] Park I, Yoon B. Technological opportunity discovery for technological
convergence based on the prediction of technology knowledge flow in citation
networks [J]. Journal of Informetrics, 2018, 12(4): 1199-1222.

[62] Zhai Dongsheng, Liu Yaohe, Zhang Jie, et al. A link prediction-based
method for mining technology opportunities [J]. Journal of the China Society
for Scientific and Technical Information, 2016, 35(10): 1090-1100.

[63] Huang Lucheng, Cai Shuang. Method and empirical research on judging
technology opportunities based on patents [J]. Studies in Science of Science,

chinarxiv.org/items/chinaxiv-202304.00648 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00648

ChinaRxiv [$X]

2010, 28(2): 215-220.

[54] Li Qianrui, Guo Junfang, Zhu Donghua. Research on emerging technology
innovation opportunity identification methods [J]. China Soft Science, 2018(11):
138-147.

[65] Wang Xuefeng, Li Bing, Xu Xingrong, et al. Research on innovation map
construction and application based on morphology analysis [J]. Studies in
Science of Science, 2014, 32(2): 178-183, 177.

[56] Zhai Dongsheng, Guo Cheng, Zhang Jie, et al. Research on technology
opportunity identification using anomaly detection [J]. New Technology of
Library and Information Service, 2016(10): 81-90.

[57] Chandola V, Banerjee A, Kumar V. Anomaly detection: a survey [J]. ACM
Computing Surveys, 2009, 41(3): 1-15, 58.

[68] Huang Lucheng, Li Xiaoyu, Li Jin. Research on ABOD-RFM technology
opportunity identification method based on patents [J]. Information Studies:
Theory & Application, 2020, 43(5): 156-162.

[59] Luo Jian, Cai Lijun, Shi Min. Research progress on emerging technology
identification methods [J]. Science and Technology Intelligence Research,
2019(1): 95-103.

[60] Geum Y, Jeon J, Seol H. Identifying technological opportunities using
novelty detection technique: a case of laser technology in semiconductor
manufacturing [J]. Technology Analysis & Strategic Management, 2013, 25(1):
1-22.

[61] Ren Zhijun, Qiao Xiaodong, Xu Shuo, et al. Research on technology
opportunity discovery model based on data mining [J]. Journal of Intelligence,
2015, 34(6): 174-177, 190.

[62] ?RDI P, Makovi K, Somogyvari Z, et al. Prediction of emerging technologies
based on analysis of the U.S. patent citation network [J]. Scientometrics, 2013,
95(1): 225-242.

[63] Dosi G. Sources, procedures, and microeconomic effects of innovation [J].
Journal of Economic Literature, 1988, 26(3): 1120-1171.

[64] Zhu Lin, Zhan Hongfei, Yu Junhe, et al. Research on enterprise technology
innovation opportunity identification method based on patent data [J]. Produc-
tivity Research, 2019(7): 134-141.

[65] Sun JG, Tan R, Guo J, et al. Analysis on technological opportunities of
evolution bifurcations [J]. Procedia Engineering, 2015, 131: 1113-1120.

[66] Yue Junju, Feng Lijie, Feng Yicheng, et al. Research on technology
opportunity identification method based on multi-dimensional technology
innovation map and association rule mining [J]. Journal of the China Society
for Scientific and Technical Information, 2017(8): 42-51.

[67] Elizabeth CU.S. tech firms seek tierc; bomb labs will handle research [N].
Washington Post, 1997-9-11.

[68] Lin Wenguang, Guo Xiaozhen, Cai Jiaxin, et al. Mining method for
popular generic technology opportunities based on IPC codes [J]. Journal of
Xiamen University of Technology, 2019, 27(6): 30-37.

[69] Zhang Shanshan, Hou Haiyan, Hu Zhigang. Application of knowledge graph
methods in future-oriented technology analysis [J]. Science and Management,

chinarxiv.org/items/chinaxiv-202304.00648 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00648

2015, 35(6): 31-40.

Author Contributions:

Yi Huifang: Responsible for framework design, research, and paper writing.
Liu Xiwen: Topic selection, design, and guidance on writing, revision, and final-
ization.

Long Yixuan: Revision of content and format.

Book Notice:

How to conduct research using content analysis both normatively and innova-
tively? The Content Analysis Guidebook (2nd edition) by Kimberly Neuendorf,
translated by Li Wu et al., was published by Chongqing University Press in
December 2020. As one of the world’s most popular content analysis textbooks,
this book represents the culmination of the author’s years of teaching and re-
search. It not only details technical content such as message units, sampling,
variable selection, validity testing, and reliability analysis but also comprehen-
sively analyzes the method’s development issues in the digital interactive media
era and its applications in various communication contexts. Notably, the au-
thor systematically elaborates on the content analysis integration model—how
to systematically integrate message data obtained through content analysis with
data obtained through other methods (such as surveys and experiments). This
approach breaks through the traditional limitation of content analysis only de-
scribing phenomena (such as message content and formal features) to achieve
scientific research’s explanatory and predictive purposes (such as explaining or
predicting which messages have better communication effects). The book has
reference value for both beginners and experts.
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Note: Figure translations are in progress. See original paper for figures.
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