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Abstract
[Purpose/Significance] Systematically review and compare the current research
status of technological innovation capability evaluation in patent-intensive indus-
tries, providing references for establishing and improving the evaluation system
of technological innovation capability in China’s patent-intensive industries.
[Method/Process] This study, through domestic and foreign literature research
and web surveys, and based on analyzing the connotation of patent-intensive
industries, summarizes the current research status of technological innovation
capability evaluation in patent-intensive industries from three aspects: evalu-
ation indicator research, evaluation method research, and empirical research.
[Results/Conclusion] Analysis based on existing research findings on industrial
technological innovation capability evaluation reveals that: the pertinence and
applicability of evaluation indicators for technological innovation capability in
patent-intensive industries are not prominent enough; evaluation methods are
relatively single, mostly employing DEA methods to measure innovation ef-
ficiency in patent-intensive industries; empirical data are predominantly sec-
ondary data limited to national economic statistics, and research perspectives
are overly broad. It is recommended that future research fully consider the
characteristics of patent-intensive industries regarding patent quantity density
and dependence on the patent system, incorporating more evaluation indica-
tors that reflect industrial patent strength and economic contributions; actively
explore scientific, effective, and comprehensive evaluation methods to compre-
hensively assess the technological innovation capability of patent-intensive in-
dustries from multiple perspectives; excavate and integrate multi-source data
for evaluating technological innovation capability in patent-intensive industries
and other patent data reflecting patent quality and protection levels in patent-
intensive industries, with empirical research conducted from regional and indus-
try subdivision perspectives.
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Abstract
[Purpose/Significance] This study systematically reviews and compares
current research on evaluating technological innovation capabilities in patent-
intensive industries to provide references for establishing and improving China’
s evaluation system for these capabilities. [Method/Process] Through a
review of domestic and international literature and web-based investigation,
this research first analyzes the connotation of patent-intensive industries, then
summarizes the current state of research from three perspectives: evaluation
indicators, evaluation methods, and empirical studies. [Result/Conclusion]
Analysis of existing industrial technological innovation capability evaluation re-
search reveals that current evaluation indicators for patent-intensive industries
lack sufficient pertinence and applicability; evaluation methods are relatively
monolithic, predominantly employing DEA to measure innovation efficiency;
and empirical data mostly consists of secondary national economic data with
overly broad research perspectives. Future research should fully consider the
characteristics of patent-intensive industries—their high patent density and
dependence on the patent system—by incorporating more indicators that reflect
industrial patent strength and economic contribution; exploring scientific,
effective, and comprehensive evaluation methods; mining and integrating
multi-source data and other patent data reflecting patent quality and protec-
tion levels; and conducting empirical studies from regional and sub-industry
perspectives.
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On October 21, 2016, China’s Ministry of Industry and Information Tech-
nology issued the Development Plan for Industrial Technological Innovation
Capability (2016-2020), identifying the enhancement of industrial technological
innovation capability as a crucial means and key support for transforming eco-
nomic growth patterns and promoting industrial structure upgrading [1]. As
a vital component of intellectual property-intensive industries, patent-intensive
industries represent the leading sectors for China’s industrial transformation,
upgrading, and innovation-driven development, as well as the key to obtaining
competitive advantages globally [2]. From 2010 to 2014, the added value of
China’s patent-intensive industries totaled 26.7 trillion yuan, accounting for
11.0% of GDP with an average annual real growth rate of 16.6%—more than
double the 8% annual real growth rate of GDP during the same period [3].

In this context, national [4] and local governments [5-7] have successively issued
multiple documents explicitly proposing goals and requirements for cultivating
intellectual property-intensive industries. However, China’s patent-intensive
industries currently face challenges including insufficient R&D investment inten-
sity, low industrial innovation efficiency, imperfect intellectual property protec-
tion and innovation incentive mechanisms, and underutilized patent advantages
[8-9]. Strengthening technological innovation capability building has become
urgent, and scientific, objective evaluation of these capabilities is a prerequisite
and foundation for such efforts. Against this background, this paper draws
from CNKI and Web of Science (WOS) for the period January 2012 to June
2018, using search terms including “patent-intensive industries,”“intellectual
property-intensive industries,”and their English equivalents. Additionally, web-
based investigations collected major research reports and policy documents in
this field. The review reveals that current international research on evaluating
technological innovation capabilities in patent-intensive industries is extremely
limited, with domestic studies largely borrowing from general frameworks for
industrial technological innovation capability evaluation. Therefore, this study
focuses on domestic literature, organizing current research from three aspects:
evaluation indicators, evaluation methods, and empirical studies. It then ana-
lyzes existing problems in current evaluation approaches and proposes targeted
recommendations for future research based on the objectives and practical needs
of evaluating technological innovation capabilities in patent-intensive industries.

1. Connotation of Patent-Intensive Industries
Reasonable industrial measurement forms the foundation for evaluating techno-
logical innovation capabilities in patent-intensive industries [2]. This study first
organizes current domestic and international definitions of patent-intensive in-
dustries. As a new industrial concept, the intersection between patent-intensive
industries and national key industries such as high-tech industries cannot be ig-
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nored [2]. Comparing patent-intensive industries with high-tech industries can
further clarify the conceptual basis for constructing more targeted and applica-
ble evaluation indicator systems.

The United States first explicitly proposed the concept of intellectual property-
intensive industries in 2012, defining patent-intensive industries as those with
invention patent quantities per employee exceeding the average level across all
industries [10]. This concept gained rapid recognition, with the European Union
[11] and China [8,12] conducting related research, though definitions vary across
countries due to differences in industrial classification standards and policies
(specific criteria and explanations are provided in ). Additionally, since tech-
nology, products, and industries all have distinct life cycles, the definition of
patent-intensive industries is dynamic [13]. Broadly speaking, patent-intensive
industries refer to those with patent density above average—industries that pro-
duce relatively more patents given a certain scale of input—characterized by high
patent density, high added value, and high economic contribution, representing
the fundamental direction of industrial innovation [14].

In terms of coverage, patent-intensive industries intersect with but differ signif-
icantly from high-tech industries in connotation. The Patent-Intensive Indus-
tries Directory (2016 Trial) [17] and the High-Tech Industry (Manufacturing)
Classification (2013) [18] share a unified industry classification standard—the
2011 National Economic Industry Classification (GB/T 4754-2011). Based on
this standard, patent-intensive industries encompass 48 medium categories com-
prising 179 sub-categories, while high-tech industries include 61 sub-categories,
with 49 overlapping sub-categories. In other words, patent-intensive industries
cover approximately three times the scope of high-tech industries, with nearly
80% of high-tech industries belonging to the patent-intensive category, as illus-
trated in [Figure 1: see original paper]. However, their defining criteria differ:
high-tech industries (manufacturing) are defined by relatively high R&D inten-
sity (ratio of R&D expenditure to main business revenue), representing R&D
input-intensive industries [18]; whereas patent-intensive industries are defined
by patent output density, particularly those highly dependent on patent pro-
tection systems [2,17,19]. Therefore, when constructing evaluation indicator
systems for patent-intensive industries, researchers can draw from existing high-
tech industry evaluation research but must emphasize characteristics of patent
density and dependence on the patent system.

2. Evaluation of Technological Innovation Capabilities in
Patent-Intensive Industries
The key to evaluating technological innovation capabilities lies in selecting sci-
entifically feasible indicators and effective evaluation methods [21]. Since the
concept of patent-intensive industries emerged, scholars have conducted empiri-
cal studies on their technological innovation capability evaluation [22-27]. This
section summarizes and compares current research from three aspects: evalua-
tion indicators, evaluation methods, and empirical studies.
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2.1 Current Status of Evaluation Indicator Research

Selecting sensitive and representative indicators is essential for constructing
evaluation indicator systems [28]. Current evaluation indicators for industrial
technological innovation capability are typically designed based on input-output
perspectives [29-30]. This study organizes and interprets relevant indicators for
patent-intensive industries from these two dimensions.

2.1.1 Technological Innovation Input Indicators Technological innova-
tion input refers to the quantity and quality of all tangible and intangible re-
sources invested in innovation activities, generally categorized into human, ma-
terial, and financial aspects [31]. Current studies primarily adopt two types of
input indicators: human resource input and financial input.

Human resource input indicators commonly include the number or proportion
of R&D personnel [21-26], with some scholars also using average industry em-
ployment numbers [27]. Financial input indicators focus on three components:
independent R&D expenditure, technology acquisition costs, and technologi-
cal transformation expenses. Independent R&D expenditure indicators include
R&D funding [22-26], equipment expenditure [24], and new product develop-
ment expenditure or proportion [22,24-25]. Technology acquisition indicators
include technology import expenditure [22,24-25] and domestic technology pur-
chase expenditure [24]. Technological transformation indicators primarily in-
clude technological transformation expenditure [25]. Additionally, some schol-
ars incorporate fixed asset investment [22], number of R&D institutions [24],
and new product development project numbers [26] as input indicators.

2.1.2 Technological Innovation Output Indicators Technological inno-
vation output refers to the results of innovation resource input, reflecting the
benefits and scale of innovation activities [29,31]. Current studies adopt two
main types of output indicators: knowledge output and economic output.

Knowledge output indicators primarily include patent-related metrics such
as patent application numbers [23-24], invention patent application numbers
[23,26], valid invention patent numbers [22], and invention patent grants [25].
Economic output indicators consider market share, profitability, and export
capacity, commonly using new product sales revenue or output value [22-25],
new product export sales revenue [24,27], and profit [23,27]. Some scholars
also include total industrial output value [23] and main business revenue [27]
as output indicators.

Common evaluation indicators for patent-intensive industry technological inno-
vation capabilities and their interpretations are summarized in .

2.2 Current Status of Evaluation Method Research

Selecting scientifically effective evaluation methods is crucial [21]. Existing re-
search on patent-intensive industries primarily employs Data Envelopment Anal-
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ysis (DEA) to measure innovation efficiency (see ). Proposed by A. Charnes et
al. in 1978, DEA is a non-parametric method for analyzing relative efficiency
of decision-making units with multiple inputs and outputs. Its advantages in-
clude not requiring specific production frontier function forms, processing data
without dimensions, or making weight assumptions, making it relatively simple
and objective. Its disadvantage is providing limited explanatory information
about decision-making units, leading some scholars to combine DEA with other
methods [33-34].

Current applications of DEA in patent-intensive industry evaluation include two
categories:

First, single-stage or multi-stage DEA methods evaluate innovation efficiency.
Single-stage DEA treats innovation as a“black box,”evaluating decision-making
units using only initial inputs and final outputs while ignoring intermediate
processes, thus failing to reveal internal stage efficiencies and their influencing
factors. To better uncover internal development patterns, multi-stage DEA
methods are widely applied [35]. For instance, Jiang Nan [23] divided the inno-
vation system into “technology”and “economy”stages to compare innovation
efficiency differences between patent-intensive and non-patent-intensive indus-
tries, while Wang Liying et al. [24] used a three-stage DEA approach based
on the innovation value chain (technology output, materialization output, and
value output) to examine Zhejiang province’s patent-intensive industries (see
).

Second, DEA-Malmquist index methods measure changes in innovation effi-
ciency over time, requiring continuous and independent indicator data to ensure
objective results [22,36]. Chen Wei et al. [22] used DEA-Malmquist to analyze
China’s nine major patent-intensive industries at the industry level, while Jiang
Nan et al. [26] compared innovation efficiency between patent-intensive and non-
patent-intensive industries using this method (see ).

2.3 Current Status of Empirical Research

Based on different data sources and research perspectives, scholars have con-
ducted empirical studies on patent-intensive industry technological innovation
capability evaluation (see ). Regarding data sources, most studies rely on exist-
ing statistical data from sources like the China Statistical Yearbook and China
Science and Technology Statistical Yearbook, primarily comprising national eco-
nomic data [22-27]. From a methodological perspective, research predominantly
adopts a national viewpoint to compare technological innovation capabilities
between patent-intensive and non-patent-intensive industries [22,24,26]. Evalua-
tion results indicate that patent-intensive industries have not yet fully leveraged
their competitive advantages, suffering from input redundancy and low output
efficiency. Multi-stage DEA analyses reveal that the primary stage determin-
ing overall innovation efficiency is the transformation of intellectual property
elements like patents into economic performance [23-24].
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3. Review of Current Research
Current research on patent-intensive industry technological innovation capabil-
ity evaluation remains limited. However, extensive studies have evaluated tech-
nological innovation capabilities in high-tech industries [37-41]. As a new in-
dustrial concept, patent-intensive industries possess both unique characteristics
and common industrial features. Given the high overlap between high-tech and
patent-intensive industries, existing research—particularly on high-tech indus-
tries—provides valuable references for constructing evaluation indicator systems
for patent-intensive industries. Based on existing research and the character-
istics of patent-intensive industries, this study summarizes the strengths and
weaknesses of current evaluation research:

First, regarding evaluation indicators, existing industrial technological innova-
tion capability research emphasizes R&D investment, patent and new product
output, and economic benefits [42-43], such as R&D funding and personnel input,
patent numbers, new product quantities, and sales revenue. Patent-intensive in-
dustry evaluation indicators also follow this framework from financial input,
human input, knowledge output, and economic output perspectives. However,
most studies fail to incorporate the characteristics of high patent density and
patent system dependence, resulting in insufficient pertinence and applicability.
For example, knowledge output indicators only focus on quantitative metrics
like patent application numbers, while patent-intensive industries already pos-
sess patent quantity advantages. To better reflect innovation competitiveness,
more attention should be paid to patent quality and economic driving effects.
In summary, current research borrows general frameworks but ignores patent-
intensive industry characteristics, lacking exploration of indicators that reflect
patent strength, which hinders revealing development patterns.

Second, regarding evaluation methods, common approaches in industrial tech-
nological innovation capability research include Analytic Hierarchy Process [44],
Principal Component Analysis [45-46], Factor Analysis [47-49], Entropy Method
[38,50], and DEA [51-53], with different methods providing different information
and weight assignments that affect results. Current patent-intensive industry
research predominantly uses DEA to measure innovation efficiency, which only
reflects the transformation capability from input to output while ignoring actual
input and output levels. Although DEA is mature for efficiency evaluation, inno-
vation efficiency represents only one aspect of technological innovation capabil-
ity. To understand the internal structure of China’s patent-intensive industries,
comprehensive evaluation of overall capability levels is needed. In summary, the
monolithic methodological approach yields incomplete and unreliable results.

Third, regarding empirical research, data sources fall into two categories: sur-
vey data obtained through questionnaires or interviews [38,54-55], which is
costly but timely and flexible; and existing statistical data from yearbooks and
databases [48-50,56], which is less costly but often outdated and limiting for indi-
cator selection. Research perspectives can be national [49], regional [46,48,51],
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or industrial [29]. Current patent-intensive industry research primarily uses
secondary statistical data limited to national economic data, lacking in-depth
mining of patent data. Research perspectives are overly broad, focusing on
national-level comparisons between patent-intensive and non-patent-intensive
industries, which prevents detailed analysis of regional and sub-industry differ-
ences. This limits the accurate revelation of development status.

4. Future Research Prospects
Establishing a more scientific and reasonable evaluation indicator system for
patent-intensive industry technological innovation capabilities helps understand
the economic characteristics and development patterns of these industries,
thereby exploring the contribution of patent innovation to industrial economic
development and providing references for industrial transformation and up-
grading. This study’s review of evaluation indicators, methods, and empirical
research reveals that domestic research remains in the exploratory stage,
primarily borrowing general frameworks from other industries. Main problems
include: (1) insufficient pertinence and applicability of evaluation indicators;
(2) monolithic evaluation methods focusing on DEA for efficiency measurement;
and (3) reliance on secondary national economic data with broad research
perspectives.

Based on evaluation objectives and practical needs, future research should ad-
dress these issues through the following recommendations:

First, regarding evaluation indicators, research should strengthen pertinence
by incorporating more indicators reflecting industrial patent strength beyond
simple patent counts. For example, patent technology maturity indicators (cal-
culated as 𝛼 = 𝑎/(𝑎 + 𝑏) [57], where 𝑎 represents annual invention patent ap-
plications and 𝑏 represents annual utility model applications, with decreasing 𝛼
values over time reflecting technological maturation) can evaluate the degree of
transformation into actual products. Invention patent growth rate indicators
(𝑣 = 𝑎/𝐴 [57], where 𝑎 is as above and 𝐴 is the cumulative invention patent
applications over five years) can assess changing trends in innovation activities
and technological reserves in specific fields. Additionally, more indicators re-
flecting economic contribution should be added, such as total asset contribution
rate and net profit margin to evaluate asset profitability and earning capacity,
thereby better revealing the economic value generated when R&D achievements
are transformed into marketable new products.

Second, regarding evaluation methods, to comprehensively and accurately re-
veal development levels, future research should explore the applicability of other
methods such as Entropy Method, Analytic Hierarchy Process, and Factor Anal-
ysis, or comprehensively apply multiple methods to evaluate technological inno-
vation capabilities from various angles.

Third, regarding empirical research, obtaining large amounts of relevant data
provides informational support for evaluation. Future studies should mine and

chinarxiv.org/items/chinaxiv-202310.03060 Machine Translation

https://chinarxiv.org/items/chinaxiv-202310.03060


integrate multi-source data based on research purposes, scope, and available
resources. Additional patent data can be obtained from the National Intellectual
Property Administration or commercial patent databases, such as invention
patent grants and invalidation requests. Meanwhile, given regional economic
imbalances and differences in leading industries, future research should adopt
more regional perspectives and investigate differences among sub-industries to
better support empirical evaluation of patent-intensive industry technological
innovation capabilities.
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