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Abstract
[Objective] To conduct quantitative analysis of targeted technology innovation
networks using patent data and measure the evolution process of technology in-
novation networks from multiple perspectives. [Methods] Taking targeted tech-
nology innovation networks as the research object, targeted technology patent
data were retrieved from the Derwent Innovation Index. Dynamic network
analysis methods were combined with patent data, dynamic network analysis
indicators were applied to technology innovation network analysis, and a mea-
surement system for technology innovation evolution based on patent dynamic
networks was constructed. [Results] By analyzing four measurement objects of
technology innovation networks and examining changes in network indicators,
the development and evolution trends of targeted technology and technology
hotspots were revealed at the micro level. [Limitations] The evaluation and
measurement indicators for technology innovation networks are not sufficiently
comprehensive, and research on the indicators lacks depth. [Conclusion] This
method can effectively and comprehensively measure the evolution trends of
technology innovation networks and technology hotspots.
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Abstract
[Objective] This paper aims to quantitatively analyze the targeted technologi-
cal innovation network using patent data and measure its evolutionary process
from multiple perspectives. [Methods] Focusing on targeted technology inno-
vation networks, we retrieved targeted technology patent data from the Der-
went Innovations Index Database. By integrating dynamic network analysis
methods with patent data, we applied dynamic network analysis indicators to
technological innovation network analysis and constructed an evolution mea-
surement system based on patent dynamic networks. [Results] We analyzed
four measurement objects of the technological innovation network and revealed
the evolutionary trends and technological hotspots of targeted technology from
the micro-level based on changes in network indicators. [Limitations] The
evaluation and measurement indicators for technological innovation networks
are not sufficiently comprehensive, and the research on these indicators lacks
depth. Conclusions This method can effectively and comprehensively mea-
sure the evolution trends and technological hotspots of technological innovation
networks.

Keywords: Technology Innovation Network; Dynamic Network; Patent; Net-
work Evolution
Classification Numbers: F204; G306

Introduction
With the globalization and networking of R&D activities, an increasing number
of innovation entities are leveraging innovation networks for technological in-
novation. The technological innovation network formed through collaboration
among different innovation entities has become a crucial organizational form
in the current technological innovation process [1]. As the number of partic-
ipant nodes and relationships between nodes change, technological innovation
networks continuously evolve, making the measurement of this evolution a sig-
nificant research direction [2]. Patents, as the primary output of technological
innovation networks, cover extensive technical fields and contain multiple at-
tributes such as inventors, patent assignees, and IPC classifications, representing
the latest level of technological innovation to some extent. Therefore, analyz-
ing patent content provides a valuable approach to understanding technological
innovation networks.

Dynamic network analysis offers advantages in measuring technological innova-
tion networks due to its specialized indicators and ability to assess changing net-
works. This study employs dynamic network analysis tools to integrate dynamic
network analysis methods with patent information analysis, constructing multi-
relational patent data meta-matrices. Based on these matrices and leveraging
unique indicators from dynamic network analysis, we establish a patent-based
measurement indicator system for technological innovation networks to analyze
the evolutionary process from multiple perspectives.
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Currently, research on technological innovation networks has become a focal
point in innovation studies, with scholars both domestically and internation-
ally investigating various aspects, primarily concentrating on network structure
and network evolution. Koka et al. [3] categorized network evolution into four
patterns—network expansion, network contraction, network strengthening, and
network turbulence—based on two dimensions: changes in external resources
and environmental uncertainty, describing network changes at both the network
and organizational levels. Rose et al. [4] clarified the meaning and attributes of
innovation and proposed two frameworks for measuring innovation, achieving
measurement of technological innovation evolution from perspectives of basic
investment and intangible assets through comprehensive analysis. Dudzevičiūtė
et al. [5] systematically analyzed the relationship between innovation activities,
patents, and R&D expenditure, concluding that R&D expenditure and patents
serve as key elements for measuring innovation activities. Jiang et al. [2] in-
troduced temporal dimensions from the perspective of network embeddedness
measurement to derive evolution equations for technological innovation network
structural characteristics, thereby describing the evolution process. Peng [6] uti-
lized complex network theory to study node degree distribution and investigate
the structural evolution of innovation networks.

In recent years, scholars have applied patent information to technological innova-
tion network analysis. Initial analyses focused primarily on static network-level
assessments. Chang et al. [7] noted that using patents for innovation network
analysis represents an advanced patent analysis technique. Morescalchi et al. [8]
studied the evolution of inventor-based technological innovation networks, ana-
lyzing four types of networks (patent citation networks, co-inventor networks,
R&D laboratory distribution networks, and inventor mobility networks) among
OECD member countries using European Patent Office data to examine the
impact of geographical distance and boundaries on inter-country connections.
Wang [9] constructed a patent analysis framework for industry technological
innovation network activity characteristics, providing information for industry
technological innovation research. Liu et al. [10] investigated the driving forces
of technological innovation network evolution using patent technology life cycle
theory. Wu [11] constructed a keyword-based weighted network and combined
network analysis with hierarchical analysis to examine the evolution of biofuel
technology innovation networks. Li [12] employed social network analysis to
study the cooperation status and individual evolution characteristics of patent
assignees in technical fields and used patent coupling methods to examine tech-
nical characteristics in specific fields. Ribeiro et al. [13] mapped global knowl-
edge flow networks based on patent data, proposing a novel method to describe
“cross-border”global technological innovation networks. Liu et al. [14] estab-
lished a “time-domain”analytical framework and used patent data to analyze
the structural evolution of the U.S. national technological innovation network.
Although these scholars conducted stage-wise analyses of technological innova-
tion networks from a patent information perspective and performed macro-level
empirical studies on patent-based technological innovation network evolution,
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they have not yet dynamically examined the micro-level evolution of network
nodes.

Domestic scholars have also begun exploring the application of dynamic net-
work analysis in measuring technological innovation network evolution. Liu et
al. [15] constructed patent networks with multi-attribute nodes and used dy-
namic network analysis to examine the evolution and dynamic characteristics
of patent networks, conducting empirical research using nanotechnology patents
as a case study. Zhai et al. [16] applied dynamic network analysis combined
with fields from patent abstracts to analyze the domestic LTE TDD industry
status. Li et al. [17] constructed a measurement framework for technological in-
novation network evolution based on dynamic network analysis, providing a new
perspective for such measurements. However, existing perspectives involve rela-
tively single indicators, with algorithms primarily focusing on single dimensions,
insufficiently mining patent information, and exhibiting obvious limitations in
understanding and recognizing complex innovation networks.

This study integrates patent analysis methods with dynamic network analysis
methods, constructing patent dynamic evaluation indicators and incorporating
characteristic indicators such as cognitive demand, capability, and centrality
to build a technological innovation network evolution measurement model. By
examining indicator changes, we study the process of technological development
and change, and use ORA visualization tools to analyze dynamic network in-
dicators, enabling multi-perspective analysis and characterization of targeted
technological innovation network evolution.

3.1 Factors Influencing Technological Innovation Network
Evolution
Technological innovation networks consist of core networks, auxiliary networks,
and peripheral support networks [18]. Formal and informal information ex-
change among enterprises, universities, research institutions, and governments
promotes innovation generation and development. Innovation entities exchange
core technical information through networks to market technological functions.
Technological progress drives the evolution of technological innovation networks,
and such technical exchange is regional [19] and continuously evolves over time.
Therefore, factors influencing technological innovation networks include innova-
tion entities, core technologies in the field, hot technological functions, innova-
tion regions, and time.

(1) Innovation Entities
Enterprises are the primary innovation entities, with their R&D activities serv-
ing as the driving force for technological innovation. As the main participants
in market economic activities and the link between science and technology mar-
kets, enterprises are not only technology demanders and applicators but also
technology suppliers, making them the core of technological innovation. Enter-
prises’patent activities as patent assignees demonstrate their principal role in
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technological innovation. Universities and research institutions are technology
developers whose R&D activities serve enterprises, but they may also become
main entities in technological innovation networks if they master core technolo-
gies in the field.

(2) Core Technologies in the Innovation Field
Technology is the carrier of innovation, and successful development of new tech-
nologies forms the foundation for innovation generation. Therefore, core tech-
nologies influence the direction of innovation development, making their identi-
fication particularly important.

(3) Hot Technological Functions in the Innovation Field
Technological functions represent the specific capabilities of a technology and
form the basis for whether patented technology can be marketed. The ultimate
outcome of technological innovation is reflected in products, whose functions
are closely related to technological functions, making them another influencing
factor.

(4) Innovation Region
Technological innovation activities are not completed by individual enterprises
or research institutions but constitute a regional behavioral activity, making
innovation region a factor influencing technological innovation.

(5) Time
To maintain and expand their survival space, members of technological innova-
tion networks continuously adjust their relationships over time, causing inno-
vation entities, core technologies, hot technological functions, and innovation
regions to evolve continuously.

Patent data provides rich standardized information. When innovation entities
achieve breakthroughs in technical fields, they seek patent protection for their
technological innovations. Therefore, patents are closely associated with tech-
nological innovation. Innovations in technical fields are first reflected in patents.
Patent documents contain detailed information such as inventions, inventors,
applicants, application dates, and regions, forming a time series of patent in-
formation. Consequently, patent information can reflect technological innova-
tion activities: patent assignees represent innovation entities, IPC classification
numbers represent technological innovation fields, patent functions represent
innovative technological functions, application locations represent innovation
regions, and publication or application dates represent the innovation timeline
[5]. Thus, patent information content enables measurement of technological
innovation networks.

3.2 Construction of Patent-Based Dynamic Network Meta-
Matrix
Dynamic network analysis can be considered an extension of Social Network
Analysis (SNA) and Dynamic Network Analysis (DNA) theories and methods,
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combining cognitive science, social networks, and multi-agent systems. Dynamic
network indicators are developed based on social network indicators, including
conventional metrics such as degree and centrality, while expanding to numerous
additional indicators that enrich dynamic network analysis methods and enable
solutions to more complex problems.

Patent activities belong to technological innovation activities completed by en-
terprises, universities, research institutions, and R&D individuals. Therefore,
patent activities can be viewed as organizational activities composed of these
entities. Li et al. [17] used dynamic network analysis to calculate organizational
activities by constructing meta-matrices.

The foundation of dynamic network analysis is the meta-matrix, where entities
in the matrix represent the knowledge, resources, and tasks possessed by innova-
tion entities. The meta-matrix forms the basis for calculating dynamic network
indicators.

Dynamic Indicator Content

Indicator Formula/Description Meaning
Cognitive Demand X1i, X2i, X3i, X4i, X5i represent:

other innovation entities associated
with entity i, technological functions
possessed, technological function
similarity, technological uniqueness,
and dependence on other innovation
entities

Identifies
potential
leaders in the
network. This
entity connects
to the most
people,
organizations,
tasks, and
events

Authority
Centrality

Xi represents the weight of vertex i in
the network, A represents the
adjacency matrix of the network, 𝜆 is
a constant representing proportion

Measures node
centrality in the
network. Nodes
with high
authority
centrality issue
many
connections,
and the nodes
they connect to
also have many
connections

Closeness
Centrality

C(n)d(n,n)d(ni, nj) is the shortest
path between points i and j, g is the
number of nodes, examining the
distance between innovation entities
and other innovation entities

Calculates a
node’s
centrality based
on distance
concepts
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Indicator Formula/Description Meaning
Capability Used to explore the degree of

association between entities and
other entities, describing their
cooperative capabilities

(RD 0.5) 10 i is
the node, RD is
the out-degree
centrality of
each entity in
the network

Human Cost The sum of knowledge, resources,
and tasks possessed by the entity,
representing the cost the entity has
in the organization

Human cost
represents the
sum of technical
collaborators,
technologies,
and
technological
functions
possessed by
technological
innovation
entities

Completeness
Centrality

The sum of a node’s in-degree
centrality and out-degree centrality

The sum of a
node’s
in-degree
centrality and
out-degree
centrality

Technological
Uniqueness

The degree of knowledge
complementarity between two entities

The degree of
knowledge com-
plementarity
between two
entities

Technological
Similarity

The degree of knowledge similarity
between two entities

The degree of
knowledge
similarity
between two
entities

In-degree
(Out-degree)

PT)) PT)) i represents the node, j
represents a node different from i, PT
represents the technology matrix, T
represents technology, F represents
technological function

In-degree is the
number of
connections to
a node in a
directed
network,
out-degree is
the number of
connections
from a node
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Indicator Formula/Description Meaning
Meta-matrix
Element

X(i, j) X(i, j) i is the row of the
matrix, j is the column of the matrix,
m is the number of rows, n is the
number of columns

Meta-matrix
element

Technological Innovation Network Evaluation Indicator System

Measurement
Object

Dynamic
Network
Indicator

Patent Dynamic
Network Indicator
Content

Technological Innovation
Network Analysis
Content

Innovation
Entity

Cognitive
Demand

Potential leaders in
the technical field,
possessing key
technologies and key
technological
functions

Potential leaders in the
technical field, possessing
key technologies and key
technological functions

Authority
Centrality

Patent assignees in
core positions in the
patent cooperation
network

Innovation entities
occupying dominant
positions in the
technological innovation
network

Closeness
Centrality

Distance between
patent assignees and
other nodes in the
network, calculating
a node’s centrality
based on distance
concepts

Measuring the closeness
between innovation
entities and other entities

Capability Degree of association
between patent
assignees and other
patent assignees,
representing the
cooperative
capabilities of patent
assignees

Measuring the degree of
association between
innovation entities and
other entities, and their
cooperative capabilities

Human Cost Technologies and
technological
functions possessed
by patent assignees

Technologies and
technological functions
possessed by innovation
entities

Technological
Innova-
tion Field

Completeness
Centrality

Sum of in-degree and
out-degree centrality
of IPC

Measuring core
technologies in the
innovation field
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Measurement
Object

Dynamic
Network
Indicator

Patent Dynamic
Network Indicator
Content

Technological Innovation
Network Analysis
Content

Technological
Uniqueness

Degree of difference
between IPCs of a
patent assignee and
other patent
assignees

Degree of difference in
technologies among
innovation entities

Technological
Similarity

Degree of similarity
between IPCs of a
patent assignee and
other patent
assignees

Degree of similarity in
technologies among
innovation entities

Hot Tech-
nological
Functions

Completeness
Centrality

Sum of in-degree and
out-degree centrality
of technological
functions

Measuring hot
technological functions in
the innovation field

Technological
Uniqueness

Degree of difference
between
technological
functions of a patent
assignee and other
patent assignees

Degree of difference in
technological functions
among innovation entities

Innovation
Region

In-degree
Centrality

In-degree centrality
of patent application
countries

Measuring technological
innovation regions

4 Empirical Study on Targeted Technology Innovation Net-
work Evolution
We conducted a detailed decomposition of targeted technology, listing as many
keywords as possible related to the biomedical technology theme. We combined
search elements from four aspects—technical field, technical problem, technical
effect, and technical means—and repeatedly revised the search expression based
on retrieval results. The final search expression was: TS=(targeted AND (
“drug delivery”OR “drug release”)). Using the Derwent Innovations Index
(DII) Database as the data source with a date range from January 2006 to De-
cember 2014, we retrieved 645 patent records. We cleaned the patent data using
script-based cleaning strategies and cyclic cleaning strategies. The script-based
strategy primarily addressed complex field content through pattern recognition
methods combining defined rules, using regular expressions to construct identi-
fication and splitting points. The cyclic cleaning strategy was mainly used for
splitting and extracting simple fields. The two cleaning strategy processes are
shown in [Figure 1: see original paper] and [Figure 2: see original paper].
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4.1 Evolution Analysis of Innovation Entities

(1) Innovation Entity Cognitive Demand
As shown in , larger indicator values indicate stronger R&D team strength of the
patent assignee, suggesting the potential for that assignee to become a leader
in the technical field.

Cognitive Demand Indicators

The top-ranked enterprises differ across each phase, and indicator values re-
main relatively small (below 0.05) in all phases, indicating that no absolute
leading enterprise or institution has emerged in the targeted technology field.
However, companies such as Blue Pharmaceutical Company and Insert Thera-
peutics currently show higher cognitive demand, suggesting they possess strong
R&D teams and core patent technologies, potentially becoming leaders in the
targeted technology field in the coming years. Meanwhile, cognitive demand
indicator values show a year-by-year increasing trend, with maximum values
rising from 0.026 to 0.036, indicating that a leader in the targeted technology
field will likely emerge soon. When the cognitive demand indicator reaches 0.2,
it signifies that a leading entity in the targeted technology field has established
itself.

(2) Authority Centrality
Innovation entity authority centrality reflects the trend of strong-strong alliances
in technology cooperation. Larger indicator values indicate higher status of the
patent assignee in the cooperation network and that its cooperating innovation
entities also possess relatively high centrality.

As shown by the indicator changes in , central network nodes differ in each
phase, indicating that network central positions are continuously changing. Dur-
ing 2006–2008, the enterprise with high authority centrality was Tianyou In-
ternational Holdings Limited. During 2009–2011, the indicator was high for
research individuals such as Bernai J J. During 2012–2014, Blue Pharmaceu-
tical Company became prominent, indicating that these enterprises had broad
R&D scopes and cooperation in different phases. Authority centrality indicator
values are concentrated above 0.4, suggesting high network centralization and
close communication among technological innovation entities.

Authority Centrality Indicators

(3) Closeness Centrality
Closeness centrality calculates the centrality degree of an innovation entity in
the technological innovation network, measuring the distance between the inno-
vation entity and other innovation entities in the network.

As shown in , enterprises with high indicator values differ across phases. These
enterprises’R&D teams cooperate closely, with relatively low dependence on oth-
ers for their technological development and a larger number of jointly applied
patents. However, indicator values are relatively small in each phase, while
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authority centrality indicators are relatively high, indicating that targeted tech-
nology is currently widely distributed.

Closeness Centrality Indicators

(4) Capability
Capability represents the degree of association between nodes in the network.
In the patent information meta-matrix constructed in this study, which includes
cooperation networks, technology networks, and function networks, the capabil-
ity indicator can measure the cooperative team strength and R&D capabilities
of patent assignees.

As shown in , these enterprises are closely connected with other rights holders
and have outstanding partners and R&D capabilities. The capability indicator
values of top-ranked technological innovation entities are close to 1, indicating
that these entities possess relatively large R&D teams in the targeted technology
field.

Capability Indicators

(5) Human Cost
The human cost indicator represents the sum of collaborators, technologies, and
technological functions connected to the innovation entity. A high human cost
value for an innovation entity indicates that the patents it applies for involve
broad technical fields and that it possesses numerous R&D personnel.

As shown in , enterprises with higher human costs vary significantly across
phases. Overall, indicator values peaked during 2009–2011 and decreased no-
ticeably during 2012–2014, with substantial changes in enterprise rankings. This
suggests that R&D personnel mobility in these companies within the targeted
technology field is relatively high.

Human Cost Indicators

4.2 Core Technology Analysis in Technological Innovation Fields

The evolution of the technology network is shown in [Figure 3: see original
paper] (solid points represent patent assignees, hollow points represent patent
IPCs). During 2006–2008, there were many hot technical fields, primarily con-
centrated in A61K-047/34, A61K-031/568, etc., representing medicinal prepara-
tions characterized by non-effective ingredients and pharmaceutical preparations
containing organic active ingredients. During 2009–2011, hot technology R&D
activities decreased correspondingly due to reduced patent applications. During
2012–2014, hot technical fields increased again, mainly including A61P-035/00,
C08B-037/16, etc., representing antineoplastic agents and polysaccharides and
their derivatives.

(1) Completeness Centrality
Completeness centrality represents the sum of a node’s in-degree and out-degree
centrality. In technological innovation networks, it can be used to measure core
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technologies. Higher completeness centrality indicator values indicate that the
technical field is a hot R&D area.

As shown in , indicator values for top-ranked hot technical fields have increased
since 2008. During 2012–2014, the value for A61P-35/00 reached 0.489, indi-
cating that research hotspots in the targeted technology field have become in-
creasingly concentrated and the technology has matured. Among them, A61K
represents medicinal preparations, A61P represents specific therapeutic activi-
ties of compounds or pharmaceutical preparations, and A61M represents devices
for introducing media into the human body or onto it.

Completeness Centrality Indicators

(2) Technological Uniqueness
Technological uniqueness measures the degree of difference in technical fields
researched by patent assignees. Higher technological uniqueness indicator values
indicate that innovation entities are developing new technical fields and actively
innovating.

This indicator measures the degree of technological complementarity between
two innovation entities, representing the difference in IPCs between a patent
assignee and other patent assignees in the technological innovation network.
As shown in , these patent assignees research relatively unique technical fields
with strong innovation. Their technical fields show relatively high degrees of
difference compared to other innovation entities, indicating they are actively
seeking technological breakthroughs.

Technological Uniqueness Indicators

(3) Technological Similarity
Technological similarity measures the similarity of technologies between two
innovation entities. In the patent information meta-matrix, it represents the
degree of difference in technical fields researched by patent assignees and other
patent assignees. Higher technological similarity indicator values indicate that
innovation entities research similar technical fields, potentially leading to patent
infringement or competition.

As shown in , these innovation entities have relatively high similarity with other
entities in their technical fields, potentially indicating competitive relationships
or infringement issues. The indicator values are slightly smaller compared to
technological uniqueness values, suggesting that targeted technology develop-
ment is not yet mature and that similar technologies among enterprises are
relatively few.

Technological Similarity Indicators

4.3 Technology Function Evolution Analysis

The evolution of the technology function network is shown in [Figure 4: see
original paper] (solid points represent patent assignees, hollow points represent
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technology functions). During 2006–2008, the network structure mostly fea-
tured multiple innovation entities connecting to a single technology function,
with many innovation entities but few technology functions. During 2009–2011,
both innovation entities and technology functions decreased. During 2012–2014,
the numbers of both innovation entities and technology functions increased sig-
nificantly, indicating technological breakthroughs and a notable increase in ob-
tained technology functions.

(1) Completeness Centrality
As shown in , during 2006–2008, technology application achievements primar-
ily focused on medical equipment and drug delivery. During 2009–2011, they
concentrated on medical drug preparation. During 2012–2014, they focused on
treating specific diseases and delivering drugs to diseased cells or tissues.

Completeness Centrality Indicators

(2) Technological Uniqueness
As shown in , Koninklijke Philips Electronics consistently ranks high in tech-
nological uniqueness with stable performance. These innovation entities’tech-
nology application achievements show differences compared to other innovation
entities, providing certain competitive advantages.

Technological Uniqueness Indicators

4.4 Innovation Region Evolution Analysis

In-degree represents the number of connections to a node in a directed network.
Using patent application countries as nodes, we measure the in-degree centrality
indicator of patent application countries to characterize the regional distribution
of patent assignees. Larger indicator values represent more patent assignees in
that region.

As shown in , although the national distribution of patent assignees in the tar-
geted technology field is relatively dispersed, the U.S. indicator value is signifi-
cantly higher than other countries and consistently ranks first, indicating that
U.S. innovation capability in targeted technology far exceeds others. Canada
ranks second, and notably, China has recently replaced South Korea as the third-
ranked country in patent applications, demonstrating enhanced innovation ca-
pability in targeted technology, though still with a considerable gap compared
to the United States. Overall, core nodes show little change.

In-degree Centrality Indicators

Conclusions
The above analysis reveals that within the targeted technology field, the innova-
tion network constructed from patents has undergone changes. Under different
measurement indicator perspectives, some key nodes have gradually moved out
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of critical positions while others have increased in importance, becoming key
nodes:

(1) In measuring the evolution of technological innovation entities, network
changes reflect that innovation entities and their capabilities in the tar-
geted technology field are continuously changing and 更迭. Under different
measurement indicators, some key nodes show significant changes, indicat-
ing that innovation entities and their capabilities in the targeted technol-
ogy field are in constant flux. Blue Pharmaceutical Company and Insert
Therapeutics have gradually moved into key positions over time across var-
ious measurement perspectives, becoming major patent assignees. Overall,
their technological innovation capabilities are stronger than other patent
assignees.

(2) In measuring core technologies in the innovation field, rankings across time
periods show that core technology fields in targeted technology have un-
dergone certain changes. Among them, A61P-035/00 maintains a stable
first-place ranking, representing a recent R&D hotspot in targeted technol-
ogy innovation. Meanwhile, A61K-47/48 has risen in ranking, becoming
a new R&D hotspot. From the perspectives of uniqueness and similar-
ity indicators, patent assignee rankings vary significantly across phases,
with technological uniqueness values slightly larger than similarity values.
This indicates that targeted technology development is not yet mature,
and enterprises are actively seeking innovation.

(3) In measuring technology functions, rankings across phases show significant
changes in targeted technology functions. Indicator values for each tech-
nology function exceed 0.01 in all phases, indicating that diseases treated
or functions performed by targeted technology are relatively dispersed
and widely applied. In the analysis of technology function uniqueness,
Koninklijke Philips Electronics consistently ranks high with stable per-
formance, possessing unique technology functions and strong competitive
advantages.

(4) In measuring innovation region evolution, rankings across phases show
that the United States has the most patents in targeted technology, fol-
lowed by Canada. Notably, China has recently replaced South Korea as
the third-ranked country in patent applications, indicating enhanced in-
novation capability, though still with a considerable gap compared to the
United States. Overall, core nodes show little change.

This study conducted empirical analysis using targeted technology patent data
from 2006–2014, revealing that China lacks core technologies and has not formed
advantageous technology industries. Indicator analysis shows that global tar-
geted technology R&D has evolved from targeted drug delivery and specific
drug production technologies to treating specific diseases, while domestic de-
velopment largely remains at the drug production stage. Dynamic network
indicator values show that foreign enterprises rank at the top, indicating that
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domestic enterprises lag behind in core technologies and technological innova-
tion. Furthermore, technological innovation is dominated by universities and
research institutes rather than enterprises, and a technological innovation net-
work centered on enterprises has not yet formed. Comparing Chinese and U.S.
technologies reveals that domestic innovation entities in targeted technology are
primarily universities rather than enterprises, indicating that a sound technol-
ogy development model has not yet been established in this field.

Recommendations
Patent documents, as important carriers of scientific and technological innova-
tion achievements, fully record technological inventions and reveal technologi-
cal development processes. Using patent information to measure technological
innovation network evolution provides decision support for enterprises and gov-
ernments. This study constructs a patent dynamic network-based measurement
model for technological innovation network evolution, enriching measurement
methods. Since dynamic networks contain numerous indicators, industry tech-
nological innovation network evolution measurements can select different indi-
cator combinations based on analysts’subjective needs.

Indicator analysis reveals that during 2006–2008, core technology fields involved
IPCs such as A61K-009/14 (fine particles, powders), A61P-035/00 (antineo-
plastic agents), and A61K-047 (medicinal preparations characterized by non-
effective ingredients). During 2009–2011, core technology fields concentrated
on A61P-035/00 (antineoplastic agents), A61K-47/32 (macromolecular com-
pounds), and A61K-38/00 (medicinal preparations containing peptides). Dur-
ing 2012–2014, core technology fields focused on A61P-035/00 (antineoplastic
agents), A61K-47/48 (non-effective ingredients chemically bonded to active in-
gredients), and A61K-009/14 (fine particles, powders). These R&D hotspots
demonstrate that every 环节 in targeted drug delivery systems is crucial, with
countries intensifying R&D in different technical aspects. For Chinese enter-
prises, this represents both opportunities and challenges—core competencies can
be established in any 环节. We recommend:

1. Strengthening R&D investment in core technologies to establish
technological advantages. Through knowledge network analysis, we find
that global targeted technology has evolved from drug delivery to disease
treatment, while domestic development remains largely at the drug produc-
tion stage. Dynamic network indicators show foreign enterprises ranking
at the top, indicating domestic enterprises lag in core technologies and
innovation.

2. Proactively establishing inter-enterprise technological innova-
tion alliances. Analysis of targeted technology cooperation networks
and indicators reveals low levels of R&D cooperation and industrial con-
centration in China’s targeted technology field, resulting in low patent
product conversion rates. Establishing industry-university-research al-
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liances and increasing patent technology product conversion will promote
healthy enterprise development and improve benefits.

3. Rational layout and correct technology investment selection.
Current global targeted technology involves numerous diseases and
various carriers and formulations. Some technologies have been developed
for many years without breakthroughs, increasing investment risks.
Other technologies involve lower risks and can develop into competitive
advantages—these should be vigorously developed.

Limitations and Future Research
This study empirically validates the feasibility of the patent dynamic network-
based technological innovation network measurement system using targeted
technology. However, several limitations remain:

1. The constructed patent information meta-matrix is not comprehensive
enough. Future research should deeply mine various fields of patent infor-
mation to build more comprehensive meta-matrices.

2. The constructed measurement evaluation indicators for patent-based tech-
nological innovation networks are not sufficiently rich. Dynamic networks
contain many unique evaluation indicators that have not been fully applied
to technological innovation network measurement.
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