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Abstract
Purpose/Significance Addressing the organizational requirements for research
breakthroughs in chokepoint technologies, this study departs from the concep-
tual characteristics and influencing factors of chokepoint technologies, analyzing
research papers and news interview materials to investigate the factors influenc-
ing the formation of chokepoint technologies, thereby supporting the planning
of breakthrough pathways.

Method/Process Employing the “genus concept + specific difference” method
to define chokepoint technology and summarize its characteristics, this research
takes the influencing factors of chokepoint technology formation as its research
question. By adopting the coding method from grounded theory, it analyzes rel-
evant corpus texts on chokepoint technology to construct a model of influencing
factors for chokepoint technology.

Results/Conclusions Chokepoint technology is defined as the current-stage, non-
independently controllable industrial technology that innovation entities have
strategically selected, characterized by originality, strategic significance, and
high investment intensity. Grounded coding results reveal that factors influenc-
ing chokepoint technology formation primarily encompass five dimensions: in-
dustrial differentiation, competitive gaming, innovation systems, production fac-
tors, and production transformation. Industrial differentiation and competitive
gaming constitute external influencing factors, wherein industrial differentiation
serves as the prerequisite foundation for competitive gaming, while competitive
gaming represents the developmental outcome of industrial differentiation. In-
novation systems, production factors, and production transformation constitute
internal influencing factors, forming pairwise interactive relationships among
them. A comprehensive understanding of the concept, characteristics, and in-
fluencing factors of chokepoint technology facilitates more effective planning of
breakthrough pathways in this domain.
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Abstract

[Purpose] This study investigates the concept, features, and influencing fac-
tors of bottleneck techniques to support strategic planning for technological
breakthroughs in response to the organizational demands of research and de-
velopment efforts targeting these critical constraints. [Methods] We employ
the “genus-differentia” method to define bottleneck techniques and summarize
their distinctive characteristics. Using the formation of influencing factors as
our research question, we apply grounded theory coding methods to analyze rel-
evant textual corpora, constructing a comprehensive influencing factors model.
[Results] Bottleneck techniques are defined as strategically selected, currently
non-autonomous controllable industrial technologies pursued by innovative en-
tities, characterized by originality, strategic importance, and substantial invest-
ment requirements. The influencing factors in their formation are categorized
into five dimensions: industrial differentiation, competitive game, innovation
system, production factors, and production transformation. [Limitations] The
grounded coding materials are predominantly Chinese corpora, lacking analyt-
ical data from countries imposing technical sanctions. [Conclusions] Indus-
trial differentiation and competitive game constitute external influencing fac-
tors, where industrial differentiation serves as the prerequisite foundation for
competitive game, which in turn represents the developmental outcome of dif-
ferentiation. The innovation system, production factors, and production trans-
formation represent internal influencing factors that interact pairwise, where
change in one dimension triggers corresponding changes in the others.

Keywords: bottleneck techniques; conceptual features; grounded theory; influ-
encing factors

Addressing the challenge of bottleneck techniques is imperative for China to
safeguard industrial and supply chain security, uphold independent scientific
and technological development, ascend to the forefront of innovative nations,
and build itself into a world-class science and technology powerhouse. From
the perspective of national security and self-interest, the United States—since
the Trump administration—has witnessed the rise of technological national-
ism, transformed its national security concept to pursue “absolute security,”
and insisted on maintaining comprehensive advantages over China in techno-
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logical competition, positioning China as a comprehensive strategic competitor
\cite{唐璐 _ 张志强 _{2022}}. This has further deteriorated China’s external
environment for scientific and technological development. The U.S. govern-
ment has continuously expanded its scope of technology export controls do-
mestically while attempting to contain China’s technological advancement by
constructing a “technology alliance” with allied nations internationally \cite{凌
胜利 _ 雒景瑜 _{2021}}, creating risks of disruption in China’s industrial technol-
ogy chains and product supply chains \cite{ZAKLYAZ’MINSKAYA_{2022}}.
From the perspective of achieving technological independence and building a
science and technology powerhouse, China’s bottleneck technique issues reflect
systemic weaknesses in basic scientific research, technology talent cultivation,
and innovation organizational models \cite{钟贞山 _ 王希金 _{2023}}, posing
comprehensive challenges to China’s goal of becoming a science and technology
powerhouse.

Bottleneck techniques represent vulnerable areas in China’s response to techno-
logical sanctions challenges and constitute a dynamically evolving problem list
during the process of technological breakthroughs. While existing scholarship
has examined the concept and characteristics of bottleneck techniques, consen-
sus on their conceptual core remains elusive. This paper explores the conceptual
features and influencing factors of bottleneck techniques to provide support for
the organizational work of technological breakthroughs.

1 Conceptual Connotation of Bottleneck Techniques
The term “bottleneck” in Chinese dictionaries describes critical moments of fatal
obstruction [?]. Bottleneck techniques gained prominence as a high-frequency
term following the series of U.S. sanctions and blockades against China’s high-
tech sectors in 2018. Existing research approaches the concept from four main
perspectives: technology gap, national strategy, critical technology clusters,
and international competition. The technology gap perspective describes the
prerequisite for bottleneck techniques’ existence; international political games
and technological competition depict their external environment; monopoly sta-
tus and core positions in industrial chains emphasize their value foundation; and
technology units and knowledge chains describe their organizational systems.

These analytical perspectives locate and describe bottleneck techniques from
different dimensions, reflecting their fundamental characteristics. However, ex-
isting descriptions have yet to address discussions of core features, leaving am-
biguous zones between bottleneck techniques and related concepts.

1.1 Definition Principles

In defining bottleneck techniques, this paper employs the “genus-differentia”
method for logical reasoning. This common definitional approach places a con-
cept within its genus and reveals its differences from other species concepts
under the same genus \cite{丁海斌 _{2022}}. Following this logic, defining
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bottleneck techniques requires: first, identifying the genus concept within the
technology classification system to locate its immediate superordinate category;
and second, based on specific contexts, clarifying its differences from concepts
at the same level or similar categories.

1.2 Conceptual Definition

Bottleneck techniques belong to the technology category. Identifying their genus
concept requires clarifying the technology classification system employed. Tech-
nologies can be classified by various criteria: by industrial sector (agriculture,
forestry, manufacturing), by discipline (physics, chemistry, biology), or by ap-
plication domain—G. Tessey’s technology development model categorizes tech-
nologies into basic, generic, and proprietary technologies \cite{熊焰 _ 刘一君 _
方曦 _{2018}}. Existing classification systems prove incompatible with bottle-
neck techniques, primarily because they fail to achieve both clear boundaries
between sub-concepts and logical completeness. In conceptualizing bottleneck
techniques, establishing a complete, logical classification scheme is the first prob-
lem to solve.

Three main judgments guide the construction of a classification system that in-
cludes bottleneck techniques: (1) bottleneck techniques should be mature tech-
nologies that have entered market application; (2) bottleneck techniques belong
to technologies for which China has not yet fully mastered independent intel-
lectual property rights; and (3) bottleneck techniques typically occupy critical
positions and play dominant roles in industrial technology systems.

First, technologies can be divided into four main stages by development pro-
cess: research, development, testing, and application. At the first level of the
technology classification system, we categorize technologies by lifecycle into in-
dustrial technologies, laboratory technologies, and technological concepts. In-
dustrial technologies correspond to the mature stage of the technology lifecycle,
enabling mature market application; laboratory technologies correspond to test-
ing stages such as pilot trials; and technological concepts correspond to project
initiation and R&D stages. A crucial feature of bottleneck techniques is that
they have entered the mature stage of technological development—technologies
in research, development, or testing stages should not be classified as bottleneck
techniques.

Second, we divide industrial technologies into autonomous controllable and non-
autonomous controllable technologies based on whether China masters inde-
pendent intellectual property rights. A second prominent feature of bottleneck
techniques is that China does not possess fully controllable intellectual property
rights, placing them in the non-autonomous controllable category. Technologies
already achieving autonomous control do not fall within the discussion scope.

Finally, not all technology sectors face bottleneck problems. Bottleneck tech-
niques are context-dependent concepts meaningful only under specific condi-
tions \cite{张玉臣 _ 谭礼 _{2023}}. The limited nature of national resources and
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R&D investment means we cannot master or overcome all technology categories.
Combining specific contexts such as “international competition,” “economic
monopoly,” and “technology sanctions,” we further divide non-autonomous con-
trollable technologies into general foundational technologies and bottleneck tech-
niques. General foundational technologies represent supporting technologies
widely used in certain industries or technical fields. Bottleneck techniques differ
from general foundational technologies in two aspects: first, given limited so-
cial resources, bottleneck techniques possess higher R&D priority; and second,
international political games and technological competition concern national
interests, making bottleneck techniques unobtainable through normal market
activities under specific conditions.

In summary, the genus concept (immediate superordinate category) of bottle-
neck techniques is “non-autonomous controllable industrial technology,” while
the differentia—the distinction from general foundational technologies—is that
bottleneck techniques possess R&D priority and technological scarcity. For both
technology holders and those seeking breakthroughs, they represent products of
strategic choice. This paper defines bottleneck techniques from the perspective
of those seeking technological breakthroughs: bottleneck techniques are strate-
gically selected, currently non-autonomous controllable industrial technologies
that are crucial for national security and economic-social development but not
yet independently mastered.

2 Main Features of Bottleneck Techniques
Existing research primarily describes bottleneck techniques from four aspects:
criticality \cite{郑国雄 _ 李伟 _ 刘溉 _ 等 _{2021}}, strategic importance \cite{张
治河 _ 苗欣苑 _{2020}}, uniqueness, and complexity \cite{江瑶 _ 陈旭 _ 胡斌
_{2023}, 高旭 _ 白如江 _ 王效岳 _{2023}}, emphasizing their key role in indus-
trial development, strategic significance in national economic development and
competitive security, monopoly status held by few technology actors, and tech-
nological gaps difficult to close in short timeframes. Building on the conceptual
connotation, this paper proposes three key features.

2.1 Originality from the R&D Perspective

The technology system is a collection of diverse knowledge, with bottleneck tech-
niques representing knowledge-intensive components and important constituents
of scarce knowledge units. Technology integration and technological innovation
are two modes for solving production problems. In knowledge-dense technology
systems, practical problems often require original technological breakthroughs.
Bottleneck techniques typically involve knowledge and methods from multiple
disciplinary fields, demanding high levels of basic research and breakthroughs
beyond existing technological boundaries, requiring innovative thinking and in-
dependent technological exploration to advance frontier knowledge creation.

chinarxiv.org/items/chinaxiv-202307.00055 Machine Translation

https://chinarxiv.org/items/chinaxiv-202307.00055


2.2 Strategic Nature from the Technology Layout Perspective

The strategic feature of bottleneck techniques manifests in two aspects. First, for
technology holders, bottleneck techniques are technologies actively planned and
developed by industry-leading entities based on industrial competition strate-
gies. They must be both irreplaceable and difficult to imitate, ensuring that
technologically leading entities gain competitive discourse power through tech-
nological scarcity. Second, for technology-restricted parties, bottleneck tech-
niques concern their industrial security and strategic layout, representing indus-
trial technologies selectively developed for breakthroughs based on resource and
strategic development needs. Bottleneck techniques wield significant strategic
influence over the restricted country’s industrial development, economic level,
and even national security.

2.3 High Investment Requirement from the Breakthrough Perspective

Bottleneck techniques constitute high-density knowledge systems whose
breakthrough demands substantial human, material, and financial investment,
evident in both R&D and application stages. During R&D, bottleneck
techniques require concentrating superior resources and organizing multidis-
ciplinary, multi-domain, multi-level collaborative innovation to form effective
breakthrough mechanisms. In the application stage, they require establishing
complete industrial chains and market systems to promote technology transfor-
mation and dissemination, creating favorable environments for technological
research and creation.

3 Influencing Factors in the Formation of Bottleneck Tech-
niques
Existing research on the causes of bottleneck techniques can be summarized into
three aspects: weak links in basic research and innovation coordination \cite{任
文华 _{2021}}; insufficient technology accumulation in latecomer countries de-
termined by technological development patterns \cite{邢冬梅 _{2020}}; and un-
derdeveloped micro-level innovation ecosystems \cite{梁帅 _ 高继平 _{2021}}.
Building on existing research, this study employs grounded theory coding meth-
ods to analyze textual corpora and explore influencing factors.

3.1 Research Methods and Data Sources

(1) Research Methods. Grounded theory is a qualitative research method
commonly used in analyzing social phenomena. Through continuous concep-
tual coding and integration of similar concepts from corpus data, it abstracts
the essence and patterns of problems to construct relevant theoretical models.
Professor Jia Xudong of Lanzhou University \cite{贾旭东 _ 衡量 _{2016}, 贾
旭东 _ 解志文 _{2023}} integrated three major schools of grounded theory—
classical, procedural, and constructivist—to propose a Chinese management
grounded research paradigm, dividing the grounded analysis process into five
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parts: problem emergence, data collection, data processing, preliminary theory
construction, and theory testing. This paper borrows the coding methods from
Professor Jia’s Chinese management grounded research paradigm to process
relevant data.

(2) Data Sources. In data collection, this paper adheres to grounded the-
ory’s principle that “everything is data,” collecting bottleneck technique-related
textual materials from search engines and literature databases. In the CNKI
database, using “bottleneck technique” and “critical core technology” as search
terms, we selected 83 texts from core journals, master’s and doctoral disserta-
tions, and news collections. Using search engines, we retrieved 19 additional
news reports and interview corpora as supplementary texts.

3.2 Research Process

Drawing on the coding process of the Chinese management grounded research
paradigm, this paper conducts open coding, selective coding, and theoretical
coding on the textual corpora using Nvivo11 Plus software.

(1) Open Coding. In the open coding stage, we inductively abstracted key
concepts from the collected corpora. The process involved: (a) extracting rele-
vant expressions about bottleneck techniques’ conceptual connotation, features,
and formation causes; (b) conceptual coding by simplifying and preliminarily
refining these expressions into corresponding concepts. This yielded 121 con-
cepts with 715 marking points, using letter X plus numbers (e.g., X1) to display
partial data, where X represents original text and Y represents conceptual cat-
egories after first coding. Ultimately, 42 initial categories were obtained, with
open coding results partially shown in Table 2 .

(2) Selective Coding. In the selective coding stage, we further abstracted
and condensed the concepts from open coding, organizing similar concepts into
corresponding categories and determining relationships among concepts and cat-
egories. We generalized the 42 initial categories into 13 main categories, repre-
sented by lowercase letter z plus numbers (e.g., z1). The selective coding process
extracting main and core categories is shown in Table 3 .

(3) Theoretical Coding. Based on selective coding, theoretical coding ex-
amines relationships among categories to construct theoretical models. The re-
search theme is “influencing factors in the formation of bottleneck techniques.”
Centering on this theme, among the 13 main categories, technical patterns and
global division of labor belong to the industrial differentiation level (Z1); eco-
nomic monopoly and political game belong to the competitive game level (Z2);
innovation actors, basic research, and industry-university-research collaboration
belong to the innovation system level (Z3); material constraints, process con-
straints, and equipment constraints belong to the production factors level (Z4);
and technology layout, application transformation, and user market belong to
the production transformation level (Z5). The five core categories and their
sub-category relationships are shown in Table 4 .
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(4) Theoretical Saturation Test. Theoretical saturation occurs when no new
categories or concepts emerge during coding of reserved texts. When testing
coding on reserved samples, the extracted categories and concepts essentially
reached saturation without generating new ones, prompting us to stop coding.

(5) Model Construction. Based on the above analysis and existing literature,
we developed the influencing factors model for bottleneck technique formation
shown in Figure 1 [Figure 1: see original paper].

3.3 Theoretical Explanation

In constructing the model, we categorize industrial differentiation and competi-
tive game as external influencing factors, where industrial differentiation serves
as the prerequisite foundation for competitive game, which in turn represents the
developmental outcome of differentiation. The innovation system, production
factors, and production transformation are categorized as internal influencing
factors that interact pairwise, where change in one dimension triggers corre-
sponding changes in the other two.

(1) Industrial Differentiation Level. Industrial differentiation is a prod-
uct of economic and trade globalization, where countries or regions specialize in
producing and trading certain products or services based on comparative advan-
tages to improve efficiency and quality while reducing costs and risks, thereby
promoting international trade and economic growth. However, industrial dif-
ferentiation may also lead certain countries or regions to form monopolies in
critical links, creating technological constraint advantages over others. Influenc-
ing factors at this level can be divided into technical patterns and global division
of labor.

In the technical patterns dimension, factors include the accumulative nature
of technology trajectory development, strategic deployment of upstream enter-
prises, and difficulty for downstream enterprises to master technologies. Tech-
nological development patterns represent general experiences in the research-
testing-transformation-application process. As members of technology families,
bottleneck techniques inevitably follow these general patterns from research to
application. Technological innovation and evolution follow certain paths and
logics, forming technology chains from low-end to high-end, basic to applied,
and single to composite. When a technology approaches its limit within an
existing paradigm, technological opportunities diminish sharply, causing inno-
vation motivation shortages and narrow innovation paths that lead to bottleneck
phenomena. In the global division of labor dimension, upstream enterprises in
industrial chains, based on their grasp of overall industrial development and
their own strategies, select high-value technologies for deployment. Such tech-
nologies, designed to ensure competitive discourse power for technology owners,
are generally difficult for downstream enterprises to acquire in short timeframes.

(2) Competitive Game Level. International competition is an important
driver of technological innovation and progress but may also lead to unequal
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distribution and control of technology. Some countries or regions might employ
unfair competition methods to obtain huge profits or achieve political goals
due to their core patents. Influencing factors at this level can be divided into
economic monopoly and political game.

In the economic monopoly dimension, factors include relatively concentrated
supply channels, technology blockades initiated by competitors, supply disrup-
tions triggering industrial chain ruptures, and overseas enterprises monopolizing
domestic markets. Economic monopoly typically reduces technology accessibil-
ity and substitutability while increasing dependency and risk. For instance,
Google, Apple, and Microsoft dominate search engines, operating systems, and
office software, constraining innovation and choice spaces for other enterprises
and users. Political game involves political intervention to alter market supply-
demand relationships, artificially creating technological conflicts or sanctions.
In the political game dimension, factors include technology sanctions under
national security pretexts that disrupt normal trade order. As geopolitical com-
petition intensifies, governments of countries monopolizing key technologies can
use them to constrain industrial technology or enterprise development in other
countries, representing an important external factor in bottleneck technique
formation.

(3) Innovation System Level. The innovation system comprises a social net-
work of government, enterprises, research institutions, and universities oriented
toward innovation. As an important driver of R&D and innovation, various ac-
tors in the system conduct research and creation according to their own needs
and goals. Influencing factors at this level include basic research, industry-
university-research collaboration, and innovation actors.

In the basic research dimension, insufficient technology data accumulation, un-
clear research implementation, using technology integration to avoid fundamen-
tal R&D, and inadequate basic research support for technological development
are internal factors behind existing bottleneck techniques. In the industry-
university-research collaboration dimension, while China’s collaboration has in-
creased quantitatively, qualitative improvement is still needed. Currently, no
effective coordination mechanism has formed, resulting in inconsistent interest
appeals, goal orientations, and working methods that prevent synergy. On
one hand, industry has low recognition of academic achievements, perceiving
academic research as overly theoretical, detached from reality, and difficult to
apply. On the other hand, academia pays insufficient attention to industry
needs, viewing industrial problems as overly simple, lacking innovation, and un-
interesting. These factors lead to poor collaboration effects that fail to provide
effective support and guarantee for bottleneck techniques. In the innovation
actors dimension, the main manifestations are insufficient leading talent and
enterprises. Talent is the source of innovation, and enterprises are important
innovation actors in China. Insufficient accumulation of key talent and lead-
ing enterprises in technology-restricted industrial fields results in inadequate
innovation momentum and motivation. Professional talent reserves are crucial
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factors supporting healthy industrial development and achieving technological
breakthroughs and transformation.

(4) Production Factors Level. Production factors are the foundation of
technology manufacturing. Any technology relies on three basic processes: raw
materials, production equipment, and process control, corresponding to mate-
rials, equipment, and processes in the production factors domain. Therefore,
influencing factors at this level mainly include material constraints, equipment
constraints, and process constraints.

China’s basic processes, core technologies, key materials, and important equip-
ment in certain scientific fields primarily depend on technology introduction or
equipment import, facing risks of external technology blockades. In the material
constraints dimension, material performance, specifications, quality, quantity,
and production-supply capacity are all important factors affecting technology
implementation. In the equipment constraints dimension, core equipment is the
foundation and carrier of technological innovation. Without independent R&D
and manufacturing capabilities, it is impossible to master technology sources
and cores or form independent intellectual property rights and brand advan-
tages. For example, in chip manufacturing, advanced photolithography technol-
ogy and market share are monopolized by a few foreign enterprises, creating
enormous difficulties and dependencies for domestic chip manufacturers. In the
process constraints dimension, insufficient manufacturing precision and unsta-
ble product yield rates make it difficult for certain critical links or components
to meet expected standards, preventing products or systems from competing
with rivals in quality, cost-effectiveness, and delivery time.

(5) Production Transformation Level. Production transformation refers
to the process of converting scientific research results into actual products or
services. Difficulties in breaking through certain key technologies or links may
obstruct the entire transformation process. The bottleneck problem reflects not
only the absence of single technologies but also the immaturity of technology
systems. Influencing factors at this level mainly include technology layout, user
market, and application transformation.

In the technology layout dimension, the main manifestations are narrow tech-
nology scope, inability of domestic manufacturers to produce products, and
low patent integration. Scientific and rational technology layout can optimize
technology structure and resource allocation, improve technology efficiency and
benefits, and enhance comprehensive competitiveness and risk resistance. Some
enterprises or competitive actors lack risk awareness, resulting in poor resistance
capabilities when external forces intervene in normal market activities. In the
user market dimension, the main manifestation is that self-developed products
lack user ecosystems and, due to inferior performance compared to foreign flag-
ship products, have low market share domestically and internationally. Transi-
tioning from technology R&D to application is crucial in bottleneck technique
breakthrough, and achieving scaled application requires favorable user ecosys-
tems. In the application transformation dimension, some of China’s industrial
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technology systems are underdeveloped, lacking batch production lines and hav-
ing small-scale practical engineering with insufficient industrial support. China’s
core technology transformation mechanisms need improvement, with many tech-
nologies still remaining at the laboratory research stage without achieving mar-
ketization. The driving effect of technology science on R&D creation is not
obvious, and the “feedback” to basic science development is insufficient.

4 Discussion and Outlook
This paper first systematically analyzed the conceptual connotation of
bottleneck techniques, defining them as strategically selected, currently
non-autonomous controllable industrial technologies from three dimensions—
technology lifecycle, degree of technological autonomy, and strategic choice
context—and summarized their features of originality, strategic importance,
and high investment requirements. Subsequently, using grounded theory
coding methods, we analyzed textual corpora to examine influencing factors in
bottleneck technique formation across five dimensions: industrial differentia-
tion, competitive game, innovation system, production factors, and production
transformation. However, this study has certain limitations. Future research
can deepen understanding in several directions: (1) Expand corpus sources by
incorporating export control texts such as the U.S. Commerce Control List
and Entity List to test and refine the influencing factors model. (2) Design
an identification indicator framework for bottleneck techniques based on the
qualitatively constructed theoretical model, quantify the impact degree of vari-
ous factors, and test the model’s validity. (3) Explore breakthrough pathways
for bottleneck techniques from the perspective of research and development
organization to provide support and services for China’s bottleneck technique
breakthrough efforts.
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