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Abstract
[Purpose/Significance] Analyzing the industrialization potential of emerging
technologies is of significant importance for industrial investment decision-
making, forward-looking patent portfolio planning, optimal resource allocation,
and technology market development. [Methods/Process] This study system-
atically reviews existing evaluation methods for technology industrialization
potential, based on which a multi-source data-driven analysis framework is
constructed. The framework primarily encompasses analysis of the policy
environment, industrial technologies, and market conditions, along with an
integrated interpretation of industrialization characteristics. The feasibility
and effectiveness of the proposed method are validated through a case study
of genetic engineering vaccine technology. [Results/Conclusion] The proposed
method establishes a panoramic view of the technological domain, integrates
heterogeneous data sources, and synthesizes localized features of technology in-
dustrialization into comprehensive characteristics. Through mutual verification
and complementarity of multi-dimensional analysis results, more informative
and reliable industrialization potential assessments can be obtained.
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Abstract
[Purpose/Significance] Analyzing the industrialization potential of emerging
technologies is crucial for industrial investment decisions, forward-looking
patent layout, resource optimization, and technology market development.
[Method/Process] This paper systematically summarizes existing technology
industrialization potential assessment methods and constructs a multi-source
data-based analysis framework comprising policy environment analysis,
industrial technology analysis, market situation analysis, and integrated
interpretation of industrialization characteristics. Using genetic engineering
vaccine technology as a case study, the feasibility and effectiveness of the
proposed method are validated. [Result/Conclusion] This method provides a
panoramic view of the technology field by integrating multiple data sources, fus-
ing fragmented industrialization characteristics into a holistic profile. Through
multi-dimensional analysis with mutual verification and complementation, it
yields more valuable results for assessing industrialization potential.
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2. Technology Industrialization Potential Assessment
Methods
Industrialization potential refers to the likelihood that a new technology (includ-
ing products—both hardware and software—and processes) can achieve large-
scale production (application) and generate commercial profit [5]. Assessing this
potential involves measuring and evaluating this likelihood from technological,
market, and industrialization perspectives. The dominant approach uses evalu-
ation indicator systems, which this paper categorizes into two types based on
data sources: subjective data-based and objective data-based assessments.

2.1 Subjective Data-Based Industrialization Potential Assessment

Subjective data in technology industrialization potential assessment are primar-
ily obtained through expert scoring, Delphi surveys, and questionnaires. Repre-
sentative studies using this approach are summarized in Table 1 .

Table 1. Research on Subjective Data-Based Industrialization Poten-
tial Assessment

chinarxiv.org/items/chinaxiv-202308.00419 Machine Translation

https://chinarxiv.org/items/chinaxiv-202308.00419


Study Indicator/Factors
S.Y. Sohn et al. [6] R&D, management, application, technology transfer,

market, policy, commercialization, dissemination,
enterprise capability

Huang Lucheng et
al. [5,7]

Technology, market, industrialization conditions,
compliance, and effect

J. Bai et al. [8] Technology, environmental effect, resource
consumption, social impact, market, industrialization
conditions

Zhou Jiyi et al. [9] Technical indicator potential, market indicator
potential, condition potential

Ding Xiuhua et
al. [10]

Project performance, demonstration effect,
government reference effect

Lu Wenguang et
al. [11]

Technology, market, industrialization conditions,
compliance, and effect

Gao Xiang et
al. [12]

Technology advantage, resource reserve, policy
orientation, market demand, expected benefit

Subjective assessment methods can establish multi-layered questionnaire indica-
tors and conduct quantitative estimates considering various factors. Their ad-
vantages include comprehensive evaluation, simplicity, and strong intuitiveness.
However, they lack objective data support and require evaluators to possess high
academic expertise and rich practical experience, making it difficult to ensure
authority and accuracy in practice.

2.2 Objective Data-Based Industrialization Potential Assessment

Objective data primarily derive from academic papers, patent literature, and
economic data. Representative studies are summarized in Table 2 .

Table 2. Research on Objective Data-Based Industrialization Poten-
tial Assessment

Study Data Source Indicator/Factors
Y.T. Li et
al. [13]

Papers, patents Technology focus productivity,
quality of technology focus,
composite index of
industry-specific patent
technology focus

M. Hirshey
et al. [14]

Patent literature Patent citation index, number of
non-patent citations, technology
cycle time
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Study Data Source Indicator/Factors
Zhu Yuexian
et al. [15]

Patent literature Forward citations, non-patent
references, IPC classification
count, claim count, patent family
size, patent age, maintenance at
year 8 post-grant

R. Kapoor
et al. [16]

Patent literature Forward citation analysis, patent
family size, IPC classification

Wang Jiwu
et al. [17]

Economic data, patents Technology maturity, technology
opportunity, technology position

T. Ogawa et
al. [18]

Patent literature Relative industry base, relative
technical strength, market
attractiveness

Yu Jingjing
[19]

Patent literature Patent relevance

Objective data-based methods offer relatively easy data acquisition and can re-
flect real R&D and application scenarios, showing good prospects for identifying
emerging technologies with industrialization potential. However, these methods
rely too heavily on single data sources, focusing on technology attributes while
neglecting external policies, legal frameworks, production environments, and
dynamic contextual factors, limiting result comprehensiveness.

In summary, technology industrialization is a complex process with multiple
components, dynamic interrelationships, and continuous material, energy, and
information exchange with the external environment. Assessing industrializa-
tion potential requires comprehensive consideration of both intrinsic technology
characteristics and external conditions for large-scale production, social develop-
ment alignment, and potential economic/social impacts [7]. Both subjective and
objective data can partially reflect industrialization characteristics, but different
data types emphasize different aspects with varying representational capacities.
Single-source approaches often fail to produce comprehensive, reliable results.
Therefore, this paper proposes a multi-source data-based industrialization po-
tential assessment method, using genetic engineering vaccine technology as a
case study for multi-dimensional analysis.

3. Multi-Source Data-Based Industrialization Potential
Analysis Method
3.1 Analysis Framework and Approach

Technology industrialization involves numerous influencing factors. Comprehen-
sive assessment requires integrating multiple factors to approximate real scenar-
ios and improve accuracy. Based on literature review, this paper classifies influ-
encing factors into three categories: environmental foundation for technology
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industrialization, intrinsic innovation characteristics of technology, and returns
from technology investment.

First, technology development trends must align with external policy environ-
ments to gain government and social resource support, thereby increasing indus-
trialization probability. Second, more mature domain technologies can better
meet complex market demands and effectively interface with markets. Third, if
technology investment yields good returns with relatively complete large-scale
production and sales conditions, the technology has promising industrialization
prospects.

Each factor reflects industrialization characteristics from specific angles but
has limitations when measuring overall potential. For instance, some technolo-
gies may show high innovation levels but lack suitable policy environments or
market conditions, resulting in low actual industrialization potential. Thus,
single-factor assessment is insufficient. Among the three factors, intrinsic in-
novation characteristics are the key internal determinant of industrialization
success, while environmental foundation and investment returns are external
factors with significant influence. In practice, analysis should prioritize intrinsic
innovation characteristics while incorporating the other two factors to holisti-
cally reveal industrialization features. Multi-dimensional results can mutually
verify and complement each other, yielding more comprehensive and accurate
assessments.

Selecting appropriate and sufficient objective data to represent each factor is
critical. Various data types can reflect these factors, including patent text
and statistics for technology characteristics; strategic planning documents,
laws/regulations, and news reports for policy environments; and industry
information, financial data, product data, and supply-sales data for market
conditions. The analysis framework is shown in Figure 1 [Figure 1: see original
paper].

3.2 Analysis Content and Methods

The analysis comprises three components: policy environment analysis, indus-
trial technology analysis, and market situation analysis. Each component’s
objectives align with factor connotations, with corresponding data types and
analytical methods selected accordingly. Given content, format, and structural
differences across data types, methods are designed to maximize information
extraction. Table 3 summarizes the specific content and methods.

Table 3. Specific Analysis Content and Methods
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Influencing
Factor

Analysis
Content

Expected
Objective

Data
Type

Data Charac-
teristics

Analysis
Method

Environmental
foundation

Policy en-
vironment
analysis

Assess
policy
adaptabil-
ity,
industry
changes,
social
attention

Policies,
strate-
gic
plans,
news

Primarily
text, profes-
sionally
stored, semi-
structured

Text
content
analysis

Intrinsic
innovation
characteris-
tics

Industrial
technology
analysis

Identify key
technology
themes,
assess
maturity

Patent
text,
patent
statis-
tics

Text/records,
profession-
ally stored,
structured

Text
content
analysis

Investment
returns

Market
situation
analysis

Analyze
commercial-
ization
features,
supply-
demand
entities,
market
conditions

Industry
info,
finan-
cial
data,
prod-
uct
data,
supply-
sales
data

Primarily
records,
partially pro-
fessionally
stored,
unstructured

Statistical
analysis

3.2.1 Policy Environment Analysis Documents were retrieved from the
“Strategic Emerging Industries Database” of the State Council Development
Research Center [20] and the “Leadership Decision Support System” of China
Macro [21] using “vaccine” as the search term for the period 2013.01.01–
2015.12.12, yielding 131 documents (52 in 2013, 47 in 2014, 32 in 2015). These
were batch-downloaded. Using the Chinese Academy of Sciences’ NLP system
(NLPIR), keywords were extracted from titles and full texts, cleaned, and used
to construct co-occurrence matrices (214$×214, 163×163, 105×$105). These
matrices were imported into UCINET for network visualization, threshold
adjustment, and node clustering. Cluster results were interpreted to analyze
the policy environment, technology maturity, and development potential.

3.2.2 Industrial Technology Analysis Data were sourced from the Der-
went Innovation Index (DII) in the ISI Web of Knowledge platform. Relevant
patents were retrieved with a cutoff date of June 2015, yielding 999 Chinese
patent applications. Using TDA software [22], TechFocus fields were extracted,
cleaned, and analyzed. Based on co-occurrence relationships among theme
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words, correlation coefficients were calculated to generate a strategic coordinate
map showing maturity and development potential of each technology theme.
The strategic coordinate map, proposed by J. Law et al. based on co-word anal-
ysis, uses centrality and density metrics to represent relationships within and
between technology themes [23].

Formulas: - Density measures internal connection strength within a technol-
ogy theme cluster - Centrality measures interaction intensity between a theme
and others

The strategic coordinate map plots centrality (X-axis) against density (Y-axis).
Technology themes in: - Quadrant I (high centrality, high density): Core,
highly mature themes with strategic importance - Quadrant II (high central-
ity, low density): Core themes with development potential, increasingly mature
- Quadrant III (low centrality, high density): Peripheral but mature themes,
important investment targets but becoming marginalized - Quadrant IV (low
centrality, low density): Peripheral, immature themes requiring further devel-
opment

3.2.3 Market Situation Analysis Data were obtained from Wind Economic
Database, Chinascope Database, Wanfang Industry Database, and official web-
sites of the State Intellectual Property Office, China Food and Drug Admin-
istration, and National Bureau of Statistics. Available data were statistically
analyzed to reveal market conditions and industrialization potential from mul-
tiple dimensions.

3.2.4 Integrated Industrialization Characteristics Analysis Based on
the above results and expert consultation, comprehensive judgments on technol-
ogy industrialization potential are made by integrating findings across policy,
technology, and market dimensions.

4. Industrialization Potential Analysis of Genetic Engineer-
ing Vaccine Technology
4.1 Analysis Object Selection

Genetic engineering vaccines (also called genetically engineered vaccines) use
recombinant DNA technology to clone and express protective antigen genes,
utilizing expressed antigen products or the recombinants themselves as vac-
cines [24]. The vaccine industry is a high-end biomedical subfield with high
technical, capital, and policy barriers [24]. Genetic engineering vaccines consti-
tute a major component of new vaccine types and represent a key development
branch in biomedicine. Given their strategic importance to national security
and widespread global attention, this paper selects domestic genetic engineer-
ing vaccines as a case study to analyze industrialization potential from policy
environment, industrial technology, and market situation perspectives.
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4.2 Policy Environment Analysis

A total of 131 vaccine-related documents were retrieved from the two databases
for 2013–2015. Keyword co-occurrence networks were constructed for each year
to reveal policy environment evolution.

4.2.1 2013 Policy Environment Analysis The 2013 keyword co-occurrence
network contained 191 nodes (Figure 2 [Figure 2: see original paper]), forming
11 clusters: (1) GMO products, (2) Biopharmaceutical industry development
programs and new vaccines, (3) Foreign pharmaceutical enterprises and medical
purchasing, (4) New drug R&D, (5) Pharmaceutical standards and supervision
related to generic drugs, (6) Anti-cancer counterfeit drugs and drug supervision,
(7) Medical institutions and services, (8) Drug catalog and medical reform, (9)
Health informatization, (10) Drug testing and public safety, and (11) Biophar-
maceutical industry development and biochemical drug manufacturing.

Only clusters 2 and 4 were relevant to genetic engineering vaccines, indicating
that 2013’s focus was macro-level and lacked specificity, with substantial room
for policy environment development in this field.

4.2.2 2014 Policy Environment Analysis The 2014 network contained
140 nodes (Figure 3 [Figure 3: see original paper]), forming 9 clusters: (1) Drug
production standards and quality management, (2) Pharmaceutical engineering
and industrial transformation, (3) Essential drug catalog and medical insurance
payment, (4) Healthcare system and reform, (5) Pharmaceutical industry de-
velopment and biogenerics, (6) Drug registration and review, (7) Biotechnology
and GMO products, (8) Biopharmaceutical companies and diagnostic reagents,
and (9) New drug R&D and drug standards.

Clusters 5, 7, 8, and 9 were relevant to genetic engineering vaccines, showing
increased attention compared to 2013 and reflecting improved policy systems
and social awareness.

4.2.3 2015 Policy Environment Analysis The 2015 network contained 104
nodes (Figure 4 [Figure 4: see original paper]), forming 9 clusters. Seven were in
the largest connected component: (1) Biomedicine and hepatitis B vaccine, (2)
Scientific innovation and e-commerce, (3) Cardiovascular disease and diabetes,
(4) High-performance medical devices and medical insurance payment, (5) Se-
quencing technology and hepatitis C, (6) Drug procurement and production, (7)
Drug pricing, bidding and sales, (8) Innovation capability, and (9) Anti-tumor
drugs.

Clusters 1, 5, and 9 showed strong relevance to genetic engineering vaccines. The
decreasing number of network nodes from 2013–2015 indicates focused rather
than generalized attention, with themes becoming more specific and micro-level.
This shows the policy environment is maturing, with favorable R&D and market
conditions.
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4.3 Industrial Technology Analysis

Data from DII yielded 999 Chinese patent applications. Using TDA, TechFocus
fields were extracted and cleaned. After semantic merging guided by domain
experts, 282 high-frequency theme words (accounting for 52.2% cumulative fre-
quency) were selected for analysis.

The Blondel community detection algorithm in Gephi was applied with resolu-
tion parameter 0.95, yielding 6 technology themes (excluding 3 isolated points).
Top 10 theme words by eigenvector centrality for each theme are shown in Table
4 .

Table 4. Technology Themes in Genetic Engineering Vaccine Domain

Theme Theme Words (Top 10)
1. Nucleic acid
vaccine
technology

Nucleic acid, SEQ ID, amino acid, antigen protein,
sequence encoding, hepatitis C virus, viral vector,
signal peptide, stem cell, T cells

2. Gene vaccine
technical methods

Expression vector, fusion protein, PCR, recombinant
protein, Escherichia coli, PCR product, DNA sequence,
recombinant plasmid, target gene/protein

3. Dendritic cell
vaccine
technology

Host cell, tumor antigen, vaccine composition,
mammalian cell, protective antigen, influenza virus,
insect cell, human cell, plant cell, rabies virus

4. Immune
adjuvant
technology

Organic chemistry, therapeutic agent, disulfide bond,
fluorescent label, cationic liposome, expression
component, detectable label, preferred agent,
immunostimulatory substance, recombinant expression

5. Viral vaccine
technology

Virus-like particle, antigenic determinant, CpG motif,
human papillomavirus, immunostimulatory nucleic acid,
Sindbis virus, expression vector, fusion protein,
detectable signal

6. Humanized
genetic
engineering
modification

Chimeric/monoclonal antibody, genomic DNA,
pharmaceutical composition, active fragment, amino
acid residue, antibody fragment, hepatitis B virus,
coding region, antigenic determinant,
immunostimulatory nucleic acid

Note: Eigenvector centrality calculates node importance based on both neighbor
quantity and neighbor importance [25].

Theme Interpretations: 1. Nucleic acid vaccine technology includes
DNA and RNA vaccines that induce immune responses. Key focuses include ad-
juvants, expression vector construction, and immune effect evaluation. 2. Gene
vaccine technical methods encompass DNA recombination, protein fusion,
and recombinant expression technologies, commonly called gene cloning [27].
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3. Dendritic cell vaccine technology involves tumor immunotherapy and
protective antigen screening/identification [26]. 4. Immune adjuvant tech-
nology focuses on safe, effective adjuvants activating dual humoral and cellular
immunity, plus in vitro evaluation methods [28]. 5. Viral vaccine technology
includes adjuvant-modified viral vaccines, virus-like particle-based subunit vac-
cines, and adjuvant-free recombinant protein vaccines. 6. Humanized genetic
engineering modification addresses humanization of monoclonal antibodies,
immunogenicity issues, and multiple antibody recombination.

4.3.2 Technology Maturity Analysis Using cosine index to calculate cor-
relation coefficients and strategic coordinate mapping (Figure 5 [Figure 5: see
original paper]), the analysis reveals:

• Quadrant I: No themes, indicating no mature core technologies currently
exist.

• Quadrant II: Two core themes with development potential—nucleic acid
vaccine technology and gene vaccine technical methods—both increasingly
mature.

• Quadrant III: Two mature but peripheral themes—humanized genetic
engineering modification and dendritic cell vaccine technology—good in-
dustrialization prospects but becoming marginalized.

• Quadrant IV: Two immature themes—viral vaccine technology and im-
mune adjuvant technology—requiring further R&D.

4.4 Market Situation Analysis

4.4.1 Commercialization Analysis China implements a vaccine batch re-
lease system where CFDA conducts mandatory inspection and review before
market release [30]. Batch release quantities thus reflect commercialization
scale.

Analysis of 2007–2015 data (Figure 6 [Figure 6: see original paper]) shows
genetic engineering vaccines consistently accounted for <25% of total vaccines,
with traditional vaccines dominating. Only five genetic engineering vaccines
have been commercialized:

1. Recombinant hepatitis B vaccine (Saccharomyces cerevisiae) - 61.9% of
commercialized scale

2. Recombinant hepatitis B vaccine (Hansenula polymorpha) - 22.6%
3. Recombinant hepatitis B vaccine (CHO cell) - 13.6%
4. Recombinant hepatitis E vaccine (E. coli) - <2%
5. Recombinant B-subunit/whole-cell cholera vaccine (enteric-coated

capsule) - <2%

The three hepatitis B vaccines have established manufacturing conditions and
strong industrialization potential.
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4.4.2 Supply-Demand Entity Analysis Production Entities: CFDA
data show 58 qualified vaccine manufacturers nationally, but only 10 produce
genetic engineering vaccines (Table 5 ), indicating limited production capacity
and potential supply shortages, yet creating space for future market applica-
tions.

Table 5. Domestic Genetic Engineering Vaccine Manufacturers

No. Product Manufacturer
1 Recombinant hepatitis

B vaccine
(Saccharomyces
cerevisiae)

Beijing Tiantan Biological Products
Co., Ltd.

2 Recombinant hepatitis
B vaccine
(Saccharomyces
cerevisiae)

Shenzhen Kangtai Biological
Products Co., Ltd.

3 Recombinant hepatitis
B vaccine (Hansenula
polymorpha)

Hualan Biological Vaccine Co., Ltd.

4 Recombinant hepatitis
B vaccine (Hansenula
polymorpha)

Dalian Hanxin Biological
Pharmaceutical Co., Ltd.

5 Recombinant hepatitis
B vaccine (Hansenula
polymorpha)

Liaoning Chengda Biological Co.,
Ltd.

6 Recombinant hepatitis
B vaccine (CHO cell)

North China Pharmaceutical Jintan
Biological Technology Co., Ltd.

7 Recombinant hepatitis
B vaccine (CHO cell)

Wuhan Institute of Biological
Products Co., Ltd.

8 Recombinant hepatitis
E vaccine (E. coli)

Xiamen Innovax Biotech Co., Ltd.

9 Recombinant
B-subunit/whole-cell
cholera vaccine
(enteric-coated
capsule)

Shanghai United Cell Biotech Co.,
Ltd.

Only 4 of these manufacturers hold related patents (Table 6 ), and only 1
produces genetic engineering vaccines, reflecting low integration of R&D and
production.

Table 6. Patent-Holding Enterprises’ Production Status
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Enterprise
Gene Engineering Vaccine
Patents (items)

Gene Engineering Vaccine
Production

Liaoning
Chengda
Biologi-
cal Co.,
Ltd.

1 No

Liaoning
Yisheng
Biologi-
cal
Pharma-
ceutical
Co., Ltd.

1 No

Xiamen
Innovax
Biotech
Co., Ltd.

4 Yes

Changchun
BCHT
Biotech-
nology
Co., Ltd.

1 No

Sales Entities: CFDA data show 447 vaccine distribution enterprises nation-
ally (average 14 per province). Only 9 provinces have $�$20 enterprises (Table 7
), indicating limited sales capacity but large market share per entity, suggesting
substantial sales potential for both traditional and genetic engineering vaccines.

Table 7. Distribution of Vaccine Sales Enterprises

Enterprises per Province Number of Provinces
20-29 4
10-19 15
<10 12

4.5 Results Discussion

Key findings: 1. Innovation characteristics: Six main research themes ex-
ist. No mature core technologies currently dominate, indicating broad future
R&D space. Nucleic acid vaccine technology and gene vaccine methods are core
themes with high development potential. Humanized modification and dendritic
cell technologies, though not core, show high maturity and good prospects. Viral
vaccine and adjuvant technologies require further development.
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2. Environmental foundation: Social attention is increasingly focused,
with the policy environment maturing. Production standards and drug
safety for strategic emerging industries are gaining importance. Specific
technologies like hepatitis B vaccines, anti-tumor drugs, and sequencing
technologies have become hot topics, providing favorable external condi-
tions.

3. Investment returns: Commercialization remains at a low level and early
stage but shows strong vitality. Only five genetic engineering vaccines
are commercialized, with the three hepatitis B vaccines having the best
industrialization foundation. Both production and sales capacities are
limited, with low R&D-production integration but broad sales prospects.

In conclusion, China’s genetic engineering vaccine field shows rising innovation
levels and improving policy environments, but market conditions remain insuffi-
cient to support industrialization of multiple technology themes. Among them,
nucleic acid vaccine technology, gene vaccine methods, humanized modification,
and dendritic cell technologies demonstrate higher maturity and will have good
industrialization prospects once market conditions improve.

Domain experts consulted validated these results as reasonable. This multi-
angle analysis avoids misjudgment from single-source dependency and provides
detailed, referenceable insights for industrialization decision-making.
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Study on Analysis Method of Technology Industrialization Potential
Based on Multi-Source Data — A Case Study of Engineering Vaccine
Technology
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Abstract: [Purpose/significance] Accurate analysis of the industrialization po-
tential of emerging technology is of great significance for investment decisions,
patent layout, resource allocation and market development. [Method/process]
This paper systematically summarizes existing evaluation methods, then builds
a multi-source data-based analysis framework including policy environment, in-
dustrial technology, and market situation analysis with integrated interpreta-
tion. Feasibility and validity are verified through genetic engineering vaccine
technology case analysis. [Result/conclusion] This method provides a panoramic
technology field view, integrates multiple data sources, fuses local industrial-
ization characteristics into overall features, and obtains more valuable results
through multi-dimensional mutual verification and complementation.

Keywords: industrialization potential; multi-source data; emerging technol-
ogy; engineering vaccine

Note: Figure translations are in progress. See original paper for figures.
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