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A B S T R A C T

Blockchain as a frontier digital technology provides new opportunities for innovation. This paper builds a 
theoretical framework utilizing the Resource-Based View (RBV), and empirically examines the impact of 
blockchain application on enterprise innovation, based on panel data from Chinese listed companies spanning 
from 2007 to 2020. This paper finds that the adoption of blockchain applications significantly promotes en
terprise innovation, through mechanisms of improving operational efficiency and expanding operational scope. 
With regard to contextuality, the positive effect of blockchain applications on innovation is more pronounced in 
enterprises with higher levels of technological and capital accumulation. With regard to temporality, innovation 
at faster paces can better realise the benefits of blockchain applications. This paper provides robust empirical 
evidence derived from a large sample, thereby enhancing our understanding of this dynamic relationship and 
suggesting directions for future research.

1. Introduction

Innovation has received increasing recognition for its contributions 
towards improving organizational performance and sustained survival 
and success (Anderson et al., 2014; Carmona-Lavado et al., 2023; Abril 
and Gimenez-Fernandez, 2024). It is highly valued as a capability within 
an organization, viewed not only as a desirable outcome but also as a 
crucial avenue for maintaining consistent organizational performance 
(Oh et al., 2016). Extensive research has investigated ways to promote 
and foster innovation activities within organizations (e.g. Anthony et al., 
2008; Gupta, 2006; Turró et al., 2014; Stroh et al., 2023; Parolin et al., 
2024). More recently, blockchain has risen as a promising foundational 
technology that has the potential to reshape our social and economic 
systems (Iansiti and Lakhani, 2017; Upadhyay et al., 2021; 
Böhmecke-Schwafert, M., & Moreno, 2023). In navigating the innova
tion challenge in a progressively digitized business environment, it is 
vital to have a thorough understanding of the role of information tech
nologies such as blockchain and how they can be strategically utilized to 
shape business operations (Hileman, 2017). In recognising the potential, 
there are studies that discuss blockchain-enabled applications in busi
ness settings (e.g. Casino et al., 2019; Aloini et al., 2023; Aslam et al., 
2023).

In the quest to study the impact of blockchain on innovation and 
explore how the resources possessed by organizations contribute to their 
ability to adopt and leverage blockchain for innovation, this study 
adopts the Resource-Based View (RBV) as the theoretical lens. While 
RBV focuses on firms’ internal resources and capabilities, it also en
courages businesses to seek a “strategic fit” by aligning their internal 
resources and capabilities with the external environment in which they 
operate (Madhani, 2010). In this process, both internal and external 
perspectives are incorporated in understanding and analysing firms’ 
competitive advantage where both tangible and intangible resources are 
considered (Joseph et al., 2022). In the context of blockchain, a number 
of studies have coined its significant potential and promise to serve as a 
strategic intangible resource for organizations, contributing to the 
attainment of sustained advantages (e.g. Kant, 2021; Kant and Anjali, 
2020). Current studies on blockchain and innovation have largely 
focused on particular aspects of blockchain (e.g. role, functionality, is
sues of applications), and often discussed in specific cases or industry 
settings (e.g. health, finance, insurance, logistics and supply chain, ed
ucation, government). To our knowledge, there is also limited quanti
tative empirical research looking at the topic at a large aggregated scale 
across different sectors.

In response to the research gap, this study aims to empirically 
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investigate the impact of blockchain applications on innovation in 
Chinese listed firms and the mechanisms by which the impact is realised. 
Though few large-scale empirical studies (such as Chin et al., 2021) have 
explored the impact of blockchain technology on innovation quality, our 
study complements prior findings by broadening the scope to include a 
more diverse range of sectors, focusing the temporality of innovation in 
broader aspects and exploring additional mechanisms through which 
the impact is realised. More specifically, three research questions (RQs) 
have been developed in order to address this aim comprehensively: 

RQ1: What kind of impact on innovation is observed upon the 
application of blockchain?
RQ2: Through what mechanism such impact is realised?
RQ3: Does the impact vary in different contexts or temporalities? If 
so, in what ways?

By answering the three RQs, we believe we make not only theoretical 
contributions, but also practical significance. Understanding the impact 
of blockchain on innovation’s temporality (RQ1) can help businesses 
leverage this technology to accelerate development cycles, optimize 
resources and improve decision-making. Identifying the mechanisms 
through which blockchain drives innovation (RQ2), such as enhanced 
operational efficiency and expanded operational scope, provides deeper 
insights into its transformative potential, allowing businesses to opti
mize processes, develop capabilities, and ensure compliance with in
dustry standards (Iansiti and Lakhani, 2017; Yli-Huumo et al., 2016). 
Exploring the variability of blockchain’s impact across different contexts 
(RQ3) allows businesses to tailor applications to specific contexts such as 
different levels of technological and capital accumulation, ensuring 
more nuanced and effective implementations. This contextual under
standing can help businesses make tailored decisions and adapt strate
gies to their own contexts (Gomber et al., 2018).

To address the above RQs, this research employs a regression-based 
approach on panel data from Chinese listed companies spanning from 
2007 to 2020. We set the study context in China with a specific focus on 
listed companies for several reasons. Firstly, China has been actively 
involved in embracing and promoting blockchain development (Wang 
et al., 2020). China is not only leading in blockchain research evidenced 
by publishing the most papers on the topic worldwide (Wang et al., 
2020) and patent applications (Noonan, 2018), but also one of the 
leading countries in the global distribution of blockchain where 22% 
blockchain companies are based in China just after the US housing 39% 
of the countries in 2020 (Gong, 2020). The government ban on cryp
tocurrency trading and mining activities determined that blockchain 
applications are rooted in established industries. The overall blockchain 
market size in China continues to enjoy its growth and reached 8.46 
billion Chinese yuan in 2022 (Statista, 2023). The concentration on 
established industries also provides a focused opportunity for us to 
examine the impact of blockchain. Moreover, the listed companies 
represent a substantial share of the market across diverse industries both 
at national and global scales. The country’s significant government 
support and regulatory environment further contribute to a favourable 
ecosystem for blockchain adoption (Jiang et al., 2021; Xiao et al., 2024). 
Analysing data from these companies provides insights into strategic 
partnerships, global competitiveness, and the dynamics of the evolving 
enterprieses operations. Furthermore, the comprehensive data available 
for these large-scale operations allows for a detailed examination of the 
innovation implications and performance metrics associated with 
blockchain adoption. Overall, studying Chinese listed companies offers a 
comprehensive and influential perspective on the integration of block
chain into innovation within a dynamic and globally significant eco
nomic context.

Our findings reveal that the adoption of blockchain applications 
significantly promotes innovation outputs in enterprises, through 
mechanisms of improving operational efficiency and expanding opera
tional scope. Furthermore, the study reveals that the positive influence 

of blockchain applications on innovation is more pronounced in enter
prises with higher levels of technological and capital accumulation. 
With regard to the temporality of innovation, the research demonstrates 
that the adoption of blockchain applications is significantly associated 
with reducing innovation’s technology cycle time. Through unpacking 
the impact of blockchain applications on innovation’s temporality, this 
study provides robust empirical evidence derived from a large sample, 
thereby enhancing our understanding of this dynamic relationship.

The following sections are structured as follows: section 2 provides a 
literature review on the topic and develops key hypotheses that guide 
empirical analysis. Section 3 details the methodological procedure 
adopted in this study. Sections 4 to 6 present the empirical findings. 
Section 7 interprets and discusses the results and implications. The final 
section concludes the paper with reflections on the contributions, limi
tations, and future research directions.

2. Literature review and conceptual framework

Blockchain technology, initially developed as the underlying archi
tecture for Bitcon (Nakamoto, 2009), has evolved into a versatile tool 
with potential applications across various industries (Morabito, 2019). 
At its core, blockchain is a decentralized, distributed ledger system that 
ensures data integrity through cryptographic hashing and consensus 
mechanisms (Zheng et al., 2017). The technology’s key attributes 
include transparency, immutability, and decentralization, which 
collectively enable secure and efficient transaction processing without 
the need for intermediaries (Iansiti and Lakhani, 2017). At the same 
time, innovation refers to the process of translating ideas into goods, 
services, or processes that create value or for which customers will pay. 
It encompasses various dimensions such as product innovation, process 
innovation, business model innovation, and organizational innovation 
(Tidd and Bessant, 2020). Effective innovation strategies are critical for 
maintaining competitive advantage and achieving sustained organiza
tional growth.

Over the past few years, as a decentralized and transparent distrib
uted ledger, blockchain has transcended its origins in cryptocurrency to 
become a transformative force with far-reaching implications for 
various industries (Casino et al., 2019) such as accounting and finance 
(Brunnermeier, 2018; Schmitz and Leoni, 2019), health (Cerchione 
et al., 2023; Massaro, 2023), logistics and supply chain (Chod et al., 
2020) and government (Walport, 2016). While innovation itself, 
blockchain technology is also regarded as a technological architecture 
(Allen et al., 2020) and foundational technology (Iansiti and Lakhani, 
2017) that can serve as fundamental building blocks for a wide range of 
applications and innovations in diverse settings. Its inherent properties, 
including transparency, auditability, robustness, and security (Christidis 
and Devetsikiotis, 2016), have presented itself as a promising way to 
solve some of the most pressing issues faced by enterprises and the so
ciety (Iansiti and Lakhani, 2017). Prior studies have provided evidence 
of the impact of blockchain on various innovation outputs. For instance, 
through smart contracts, a blockchain-enabled technology that can 
ensure data authenticity at each access point within a distributed in
formation cycle in a transparent manner, enterprises can improve in
formation flow, foster innovation, and ultimately gain a competitive 
edge in the current dynamic market (Gupta et al., 2023). However, 
limited research is observed in exploring the impact of blockchain on 
diverse types of innovation outcomes and the mechanisms through 
which such impact is realised, particularly at large scale.

2.1. A resource-based view on blockchain and innovation

The RBV posits that firm-specific resources and capabilities play a 
pivotal role in shaping competitive advantages (Freeman et al., 2021). 
Strategic resources, characterised by value, rareness, inimitability, and 
non-substitutability (VRIO), can have a profound impact on how well 
businesses perform (Barney, 1991; Freeman et al., 2021). In the context 
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of innovation, blockchain technology, considered as an “intangible 
resource”, can drive businesses innovation through its unique charac
teristics that align with the VRIO framework.

Blockchain’s capacity to create value lies in aspects such as having 
the ability to automate processes, reduce transaction times, and lower 
operational costs through smart contracts, thereby streamlining work
flows and increasing efficiency (Catalini and Gans, 2020; Iansiti and 
Lakhani, 2017). Additionally, blockchain’s immutable and transparent 
ledger boosts trust and reliability, crucial for collaborative innovation 
activities (Zheng et al., 2017). More specifically, blockchain’s value can 
be further evidenced by its impact on supply chain management, where 
it enhances traceability and reduces fraud (Saberi et al., 2019). For 
instance, in the healthcare sector, blockchain secures patient data and 
streamlines consent processes, improving the efficiency and reliability of 
medical records management (Agbo et al., 2019). These applications 
underscore blockchain’s role in creating significant operational value 
across various industries.

The rarity of blockchain technology as a resource stems from its 
relatively recent emergence and the specialized expertise required for its 
implementation. Early adopters who have developed in-house block
chain capabilities hold a competitive advantage due to the technology’s 
limited penetration in many industries (Tapscott and Tapscott, 2017). 
The technical knowledge and skills necessary to deploy and manage 
blockchain solutions are still scarce, making this expertise a rare and 
valuable asset (Yli-Huumo et al., 2016). Proprietary blockchain solu
tions tailored to specific business needs also contribute to the rarity of 
this resource. Custom implementations that address unique operational 
challenges can create distinct competitive advantages, further 
enhancing the rarity attribute of blockchain technology (Nofer et al., 
2017).

Blockchain’s inimitability is largely derived from its technical 
complexity and the depth of organizational integration required for its 
effective use. The cryptographic foundations and consensus mechanisms 
intrinsic to blockchain technology present significant barriers to repli
cation (Underwood, 2016). Furthermore, the successful integration of 
blockchain into existing business processes necessitates a profound un
derstanding of both the technology and the specific operational context, 
making it difficult for competitors to imitate (Beck et al., 2018). Pro
prietary blockchain innovations and patented technologies can further 
protect against imitation, ensuring that competitors cannot easily 
replicate the unique features and advantages that blockchain provides 
(Pilkington, 2016). This inimitability secures blockchain’s role as a 
sustainable competitive resource in fostering innovation.

The non-substitutability of blockchain technology can be evi
denced in its ability to provide decentralized trust and secure, trans
parent transactions. Unlike traditional centralized databases, 
blockchain’s decentralized nature ensures that no single entity controls 
the entire ledger, making it a distinct and irreplaceable resource 
(Tapscott and Tapscott, 2017). The capability of blockchain to facilitate 
trustless transactions without the need for intermediaries is unparalleled 
by other technologies (Catalini and Gans, 2020). Smart contracts, which 
enable automatic and enforceable agreements, further highlight the 
non-substitutable nature of blockchain. The automation and security 
provided by smart contracts are not easily replicated by other digital 
solutions, underscoring blockchain’s unique value proposition (Iansiti 
and Lakhani, 2017).

Applying the VRIO framework to blockchain technology reveals its 
significant potential as an intangible resource that drives innovation. 
Blockchain’s value, rareness, inimitability, and non-substitutability 
collectively enable enterprises to achieve sustainable competitive 
advantages.

2.2. Impact of blockchain technology on innovation

In recognising its potential to significantly transform the operations 
of various industries, enterprises across different countries have actively 

embraced blockchain technology in paving their way for international 
industrial competition with the aim to crown the new wave of industrial 
innovation (Tseng et al., 2023). At the same time, fostering innovation 
has been positioned as the focal point for policymakers and entrepre
neurs in driving economic development and business growth (Baudier 
et al., 2022). In order to effectively integrate innovation and conse
quently enhance competitive edge and sustained growth (Laperche, 
Burger-Helmchen, 2019), enterprises are required to cultivate flexi
bility, agility and a culture of change (Dupont, 2019). Functioning as a 
decentralized and transparent distribution ledger, blockchain can 
address such needs for more and better innovation through ways such as 
recording the provenance of digital assets and facilitating access to 
extensive datasets both within and beyond the traditional organisational 
boundaries (Baudier et al., 2022), enhancing data security and trust. It 
can also foster new business models, facilitate efficient and auditable 
transactions, and promote collaboration through smart contracts, 
thereby transforming industries and streamlining processes. For 
instance, blockchain can complement AI by enhancing insight genera
tion, managing model sharing and data usage and contributing to the 
establishment of a data economy (Casino et al., 2021).

While cryptocurrency might have received the most hype and media 
attention as one form of blockchain application, today we are witnessing 
both blockchain products and services, and blockchain-enabled inno
vation implementation in diverse domains (Morabito, 2019). For 
instance, in the healthcare sector, blockchain enables the creation of 
innovative products such as secure patient data management systems 
and interoperable health information exchanges (Azaria et al., 2016). 
Blockchain also has the potential to revolutionize innovative products, 
services and processes by significantly improving how individuals, 
companies, and governments manage and commercialize intellectual 
property rights (IPRs) (Gürkaynak et al., 2018). It can develop products 
that offer immutable and transparent records of ownership and trans
actions and eliminate barriers to IPR protection and enforcement, 
encompassing trademarks, patents, copyrights, design rights, database 
rights, and trade secrets. Moreover, by addressing complex and outdated 
processes, blockchain has the capacity to elevate the perceived value of 
IPRs and contribute to a society that is fairer and more innovative 
(Gürkaynak et al., 2018). Companies like UJO and various IP Offices 
have already begun work on this area and provided solutions. Digital 
identity is another example where blockchain facilitates the creation of 
secure digital identity products. Platforms like uPort and Civic provide 
individuals with control over their digital identities, ensuring that per
sonal data is securely managed and shared only with authorized parties. 
These products enhance privacy and security in online transactions and 
interactions.

Blockchain has also emerged as an unparalleled catalyst and 
enhancer of innovation in business processes (Aloini et al., 2023) and 
business models (Oh and Shong, 2017; Nowiński and Kozma, 2017). It 
enables innovative approaches in organizing economic activities, 
streamlining processes by minimizing costs and intermediary involve
ment, and enhancing trust among ecosystem actors (Weking et al., 
2020). For instance, there has been a growing body of research looking 
at blockchain in the healthcare sector in recent years (Abu-Elezz et al., 
2020; Tandon et al., 2020) with a particular focus on improving 
healthcare organizational processes (Spanò et al., 2021; Massaro, 2023). 
Blockchain may enable both incremental and radical business process 
innovation (Chang et al., 2019; Secinaro et al., 2021) by tackling some 
critical issues in the sector, including data security and privacy, lack of 
trust in information sharing, supply chain control, drug counterfeiting, 
and cross-institutional data sharing (Aloini et al., 2023). Aloini et al. 
(2023) also stress that tailored configurations of particular business 
process management capabilities are needed to enable innovation. Thus, 
we developed the following hypothesis: 

H1. The application of blockchain positively influences innovation 
outcomes.
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2.3. Blockchain for operational efficiency and scope expansion

The adoption of blockchain-enabled technologies can influence 
businesses in multiple dimensions, encompassing their operational ar
rangements, financing decisions, and organizational structure (Tapscott 
and Tapscott, 2017). In particular, it has demonstrated its potential to 
transform enterprises by enhancing operational efficiency (Rico-Peña 
et al., 2023; Tse et al., 2022). Operational efficiency, often understood as 
managerial proficiency in converting inputs into outputs, can be seen as 
a consistent set of effective practices that contribute to enhancing a 
firm’s value by optimizing the utilization of committed resources during 
the processes of delivering value (Kwon and Lee, 2019). It comprises 
both cost-based efficiency, linked to factors such as quality costs, engi
neering changes, manufacturing costs, and time-based efficiency, con
nected to delivery speed, reliability, manufacturing lead time, and 
inventory turnover rate (Yeung, 2008). Blockchain-enabled technolo
gies have the capacity to address both aspects (Hasan et al., 2020) by 
reducing transaction costs, such as negotiation and search costs, along 
with expenses linked to intermediaries and information technology in
frastructures while minimises manual processes involved in aggre
gating, modifying, and sharing data (Morkunas et al., 2019). For 
instance, Walmart initiated a blockchain pilot project for supply chain 
tracking for contamination detection in spinach and lettuce which is 
anticipated to yield cost savings, thereby enhancing profit potential 
(Hasan et al., 2020). Manufacturing companies can leverage existing 
blockchain services or products in the market, connecting with estab
lished platforms to integrate inventory, capital, and information flows, 
resulting in faster processes, reduced costs, improved operational 
quality and ultimately enhanced efficiency (Pan et al., 2020).

Prior research has highlighted the role information technology and 
digital information capabilities played in contributing to firms’ opera
tional capabilities by fostering interpersonal and inter-firm relationships 
(Vaidyanathan and Devaraj, 2008). Properties inherent in blockchain, 
such as transparency, peer-to-peer networks, low transaction costs, 
speed and distributed consensus (Nakamoto, 2009), could address the 
limitations of current asymmetric information systems and lead to 
effective interpersonal and inter-firm relationships (Hasan et al., 2020) 
and facilitate seamless collaboration and information sharing across 
organizational boundaries. In turn, this can expand the operational 
scope by enabling secure data exchange between stakeholders, including 
partnerships, suppliers, and collaborators (Shiva et al., 2023). Indeed, a 
broader operational scope has been observed in areas such as 
cross-border transactions, supply chain management (Liu and Li, 2020), 
and data sharing in healthcare (Cerchione et al., 2023).

Operational efficiency and operational scope are also key influencers 
of innovation outcomes. Enhanced operational efficiency through 
blockchain technology optimizes resource use and reduces transaction 
times and costs, freeing up resources for innovation and enabling 
quicker market responses (Catalini and Gans, 2020; Iansiti and Lakhani, 
2017). This efficiency allows organizations to focus more on core ac
tivities that drive innovation and enhances organizational agility to 
adapt swiftly to market changes (Tidd and Bessant, 2020). Expanding 
operational scope through blockchain encourages collaboration with 
external partners, leveraging broader resources and fostering a rich 
innovation ecosystem (Zheng et al., 2017). This collaborative approach 
enables the cross-pollination of ideas and technologies across industries, 
further driving innovation (Gomber et al., 2018). Together, operational 
efficiency and scope create a conducive environment for continuous and 
sustainable innovation. Thus, the following hypothesis is developed: 

H2. Blockchain influences innovation through operational efficiency and 
operational scope.

2.4. Contextual influence on blockchain and innovation

According to the RBV, a firm’s fundamental resources include the 

assets and employees (Tseng et al., 2023). Prior research has revealed a 
positive correlation between new technology adoption and organiza
tional size where larger companies tend to utilize internet technology 
more intensively (Del Aguila-Obra and Padilla-Meléndez, 2006) and are 
more inclined to adopt innovations like cloud technology (Alkhater 
et al., 2018). It is suggested that the adoption of technologies like 
blockchain is positively associated with the scale of a company’s total 
assets (Pan et al., 2020). As blockchain technology helps improve en
terprise operational capabilities (Pan et al., 2020) and consequently 
innovation, it is likely that the influence of blockchain on innovation is 
more pronounced in enterprises with larger assets (i.e. higher capital 
accumulation).

However, it should also be noted that the scale of enterprise assets 
may not be the sole driving factor behind blockchain implementation 
(Pan et al., 2020). Factors like organizational innovativeness and tech
nological intensity, measured by the ratio of R&D expenditures to sales, 
also play pivotal roles in technology adoption (Tseng et al., 2023). 
Companies with robust R&D and innovation activities are likely leading 
in technological progress including blockchain adoption (Tseng et al., 
2023). Technological accumulation refers to the process by which a firm 
or organization enhances its stock of technological knowledge, skills, 
capabilities, and assets over time. It can be measured by enterprises’ 
total number of active patents and is another critical factor behind 
blockchain implementation. The relationship between firm size and 
technological intensity is well-established (Munier, 2006), emphasizing 
the importance of R&D investment in a company’s acceptance of inno
vation (Frambach and Schillewaert, 2002). Therefore, firms with sub
stantial technological accumulation are believed to be more inclined to 
adopt new technologies like blockchain, potentially experiencing a more 
significant influence on innovation. We attempt to confirm the role 
technological and capital accumulation played in blockchain adoption 
and innovation outcomes with the following hypothesis: 

H3. Enterprises exhibiting elevated levels of technological and capital 
accumulation have higher positive influence from blockchain applications on 
innovation.

2.5. Unveiling the dynamics on temporality

In recognising the importance of innovation in sustaining organisa
tional performance and growth, it is important to monitor, measure and 
evaluate it (Gault, 2018). However, as a heavily discussed topic, there is 
a general lack of consensus on defining, and consequently measuring 
innovation (Arundel and Huber, 2013; Gault, 2018). The Olso Manual 
since its first edition published in 1992 has been providing guidelines on 
defining and measuring innovation statistically in the private sector 
(OECD/Eurostat, 2018). In general terms, an innovation is defined as “a 
new or improved product or process (or combination thereof) that differs 
significantly from the unit’s previous products or processes and that has been 
made available to potential users (product) or brought into use by the unit 
(process).” (OECD/Eurostat, 2018, p. 20). The last edition of the Olso 
Manual has reduced the previous four types of innovations into two 
main types: product innovations and business process innovations 
(OECD/Eurostat, 2018).

Although perspectives on the measurements of innovation among 
individuals remain inclusive among different people, the importance of 
measuring is acknowledged (Kataria and Nandal, 2020). The Olso 
Manual (OECD/Eurostat, 2018) highlights measurability as a key se
lection criterion for innovation. To date, metrics used to measure 
innovation also vary among different companies and researchers and are 
determined by the purpose and audience (Andrew et al., 2009; Gault, 
2018). In the context of blockchain adoption, we are interested in un
derstanding the temporality aspect of blockchain’s impact on innova
tion. More specifically, we aim to examine the effect of blockchain on 
innovation speed. In measuring the speed of development and pace of 
technological innovation progress, technology cycle time, measured as 
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“the median age of the patents cited on the front page of a patent document”, 
has been proposed and widely adopted (Kayal, 1999; Rosiello and 
Maleki, 2021). With properties such as decentralized collaboration to 
enhance efficiency, utilization of smart contracts for rapid execution, 
and reduction of administrative overheads and time (Casino et al., 
2019), blockchain technology holds the potential to reduce technology 
cycle time. Thus, the following hypotheses are developed: 

H4. The application of blockchain has stronger promoting effects for faster 
innovation.

In summary, Fig. 1 provides a theoretical framework guiding this 
research.

3. Empirical design

3.1. Model

We design a regression model and examine the effect of blockchain 
application on enterprise innovation. Based on enterprise-year panel 
data, the regression model can be described as follows: 

Innovationit = β0 + β1Blockchainit + β2Xit + ηi + θt + εi 

i and t indicate enterprise and year respectively. The dependent 
variable Innovationit is the innovation performance of the enterprise i in 
year t, measured by the number of patents granted, +1 then taken log
arithm. The core independent variable Blockchainit is the blockchain 
application, measured by identifying the contents of enterprises’ annual 
reports. The vector Xit is a series of control variables, including the 
number of employees, loan of asset ratio, return on equity, the age of 
enterprises, type of property right, size of the board, cash flow, the 
growth of sales, and tangible property (Li et al., 2023). The variables ηi 
and θt indicate firm and year fixed effect respectively. The coefficient β1 
represents the effect of blockchain application on enterprise innovation.

3.2. Variables

3.2.1. Dependent variable
In the empirical study of this paper, the dependent variable 

Innovation is the innovation performance of enterprises, which is 
measured by each enterprise’s number of patents granted in each year, 
+1 then taken logarithm. In China, patents include invention patents, 
utility model patents and design patents. Invention patents correspond 
to what is commonly referred to internationally as patents. Therefore, in 
this article, “patent" refers to “invention patent" in China (Zheng and Li, 
2020). Since the values of some samples are zero, we take the values of 
all samples +1 and take logarithm. In addition to this indicator, we also 
use the number of enterprises’ patent applications as a proxy variable for 
innovation, thus improving the robustness of the empirical study.

3.2.2. Core independent variable
The core independent variable in this paper is Blockchain, measuring 

the degree of each enterprise’s blockchain application. Blockchain is 
measured by identifying the contents of enterprises’ annual reports 
about blockchain application, then calculating the degree of blockchain 
application (Li et al., 2022).

First, we construct the information pool of all the enterprise annual 
report content. We use the Python crawler function to organize the en
terprise annual reports, then based on the Jieba Chinese word separation 
function for the enterprise annual reports, we conduct word separation 
and statistics to construct the information pool of all the enterprise 
annual report content. Next, we identify keywords related to blockchain 
application in enterprise annual reports. We identify keywords related 
to blockchain application based on important policies and research re
ports, which contain four aspects: blockchain core technology, block
chain assistive technology, blockchain derivative technology and 
blockchain technology carriers. Finally, we calculate the blockchain 
application index for each annual report. We statistic the occurrences of 
the keywords in the information pool of all the enterprise annual report 
content and aggregate them to get the blockchain application index of 
each annual report.

3.2.3. Control variables
In the empirical study, we include a series of control variables that 

reflect enterprise characteristics, including enterprise fixed effects and 
year fixed effects. The control variables include: Employee, the number of 
employees, measured by the total number of employees, taken loga
rithm; LOAR, loan of asset ratio, measured by the ratio of total liabilities 
to total assets of enterprises; ROE, return on equity, measured by the 
ratio of net profit to net assets of enterprises; SOE, type of property right, 
1 for state-owned enterprises and 0 for private enterprises; Age, the age 
of enterprises, measured by the time from the year of listing, taken 
logarithm; Board, size of the board, measured by the number of board 
members, taken logarithm; CF, cash flow, measured by the ratio of net 
cash flow to total assets; Growth, the growth of sales, measured by the 
ratio of the growth of main business income to the previous year’s main 
business income; Tangible, tangible property, measured by the ratio of 
fixed assets to total assets.

3.3. Data

In the empirical study, we match the data from 3 aspects to obtain 
the enterprise-level panel data from 2007 to 2020. The sample used for 
the empirical analysis of this paper includes all enterprises listed on the 
Chinese A-shares, including both Shanghai and Shenzhen exchanges. We 
organize the data of enterprise annual reports, enterprise financial data 
and patent micro data for the empirical study.

Specifically, the enterprise annual report data is obtained through 
Python crawler; the enterprise financial data are obtained through China 
Stock Market & Accounting Research (CSMAR) and Wind database; the 
patent micro data are compiled by China’s State Intellectual Property 
Office, with data sources from the Institute for Contemporary China 
Studies of Tsinghua University and Shenzhen Tekglory Technology Co. 

Fig. 1. Theoretical framework.
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Ltd. To obtain more accurate results on the basis of referencing existing 
literature (Huang et al., 2023a; Li et al., 2022), we exclude the enter
prises classified as special treatment, which indicates abnormal financial 
or operating conditions; exclude enterprises in the information trans
mission, software and information technology service industry that 
blockchain technology belongs to; and perform a 1% tail shrinkage 
process, to reduce the influence of outliers. The patent micro data are 
patent-level data, in which we match the “applicant" information with 
the annual report data and financial data of enterprises to obtain the 
panel data at the enterprise level from 2007 to 2020. Due to the avail
ability and completeness of the data, we set the sample start period at 
2007. To exclude the outliers influenced by the Covid-19, we set the end 
of the sample at 2020. Also, we use different sample period for robust
ness test and report the results in Appendix 2.

The descriptive statistics of the main variables in the empirical study 
are shown in Table 1. The correlation coefficients are shown in 
Appendix 1.

4. Results

4.1. Basic results

First, we analyse the effect of enterprise’s blockchain application on 
innovation based on the regression model. Table 2 reports the basic 
regression results, showing that blockchain application can promote 
innovation significantly. In column (1), the coefficient of blockchain 
application is 0.106 and significant at the 1% level, without the inclu
sion of control variables and fixed effects. In column (2), the coefficient 
of blockchain application remains significantly positive after adding a 
series of control variables. On this basis, the coefficient of blockchain 
application remains significantly positive at the 1% level in column (3) 
with the inclusion of enterprise and year fixed effects. Thus, the basic 
regression results suggest that enterprise’s blockchain application has a 
positive effect on innovation.

4.2. Robustness tests

Next, to improve the robustness of the empirical analysis, we conduct 
robustness tests in 3 aspects and report the results in Table 3. In column 
(1), we change the measure for enterprises’ blockchain application by 
further expanding the keyword pool to cover a wider range of block
chain application. Column (1) still uses innovation as the dependent 
variable, and the regression results show that blockchain application has 
a positive effect on innovation and is significant at the 1% level. In 

column (2), we identify and exclude the 10% sample that may have an 
abnormal number of disclosures, considering the possibility of exag
gerated disclosures by enterprises. We first estimate the number of 
possible disclosures for each enterprise in each year, and then remove 
the samples above the 90% quantile of the residuals and conduct the 
regression with the remaining samples. Column (2) shows that the 
regression results after excluding outliers are still positively significant, 
so blockchain application can significantly promote innovation. In col
umn (3), we change the core independent variable to the lagged one 
period considering the possible simultaneity and time lag. The coeffi
cient of the core independent variable in column (3) is also positively 
significant. In addition, we test for different sample period as well as 
multicollinearity, and the results are reported in Appendix 2 and Ap
pendix 3. Thus, the results of the robustness tests indicate that the 
findings of the empirical analysis are robust. Therefore, Hypothesis 1 is 
validated.

5. Mechanism

5.1. Internal perspective: operational efficiency

From the internal perspective, we analyse whether operational effi
ciency is the mechanism through which enterprises’ blockchain appli
cation promotes innovation. Operational efficiency is an important 
factor in promoting enterprise innovation (Huang et al., 2023b). Table 4
shows that enterprises’ blockchain application can reduce operational 
cost and improve operational efficiency. In column (1), we use enter
prises’ asset turnover ratio as the dependent variable, measured by the 
ratio of total turnover to total assets (Li et al., 2022). The results in 
column (1) show that enterprises’ blockchain application can improve 
the asset turnover ratio and is significant at the 1% level. In column (2), 
we use enterprises’ cost ratio as the dependent variable, measured by the 
ratio of total cost to total income. The results in column (2) show that 
enterprises’ blockchain application can significantly reduce the cost 
ratio. As robustness tests, we obtained similar results using the Tobit 

Table 1 
Descriptive statistics.

Variables (1) (2) (3) (4) (5)

Obs. Mean Std. Dev. Min Max

Innovation 15716 1.033 1.281 0.000 4.942
Blockchain 15716 1.181 0.975 0.000 3.884
Employee 15716 7.702 1.134 2.944 12.211
LOAR 15716 0.447 0.223 0.046 0.988
ROE 15716 0.071 0.127 − 0.627 0.416
SOE 15716 0.569 0.493 0.000 1.000
Age 15716 1.981 0.931 0.000 3.229
Board 15716 2.155 0.201 1.609 2.709
CF 15716 0.046 0.075 − 0.180 0.257
Growth 15716 0.162 0.331 − 0.562 1.771
Tangible 15716 0.278 0.191 0.003 0.801
Asset turnover ratio 15716 0.696 0.471 0.076 2.705
Cost ratio 15716 0.724 0.172 0.201 1.015
Supplier distribution 15716 0.103 0.053 0.000 0.608
Cooperator distribution 15716 0.128 0.106 0.000 0.715
Technological accumulation 15716 3.874 3.619 0.000 11.156
Capital accumulation 15716 21.751 1.299 19.372 25.893
TCT 15716 1.028 0.654 0.000 3.178

Table 2 
Blockchain’s effect on innovation.

Variables (1) (2) (3)

Patent granted Patent granted Patent granted

Blockchain 0.106*** 0.093*** 0.087***
(0.012) (0.013) (0.015)

Controls ​ Yes Yes
Year dummy ​ ​ Yes
Enterprise dummy ​ ​ Yes
Observations 15716 15716 15716
R-squared 0.086 0.619 0.670

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. 
Robust standard errors in parentheses.

Table 3 
Robustness tests.

Variables (1) (2) (3)

Blockchain 
measure

Eliminating 
exaggeration

Lagged one 
period

Blockchain 0.077*** 0.061*** 0.072***
(0.014) (0.015) (0.012)

Controls Yes Yes Yes
Year dummy Yes Yes Yes
Enterprise 

dummy
Yes Yes Yes

Observations 15716 14228 14589
R-squared 0.632 0.625 0.629

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. 
Robust standard errors in parentheses.

Z. Li and Z. Xu                                                                                                                                                                                                                                  Technovation 139 (2025) 103136 

6 



model (see Appendix 4). Blockchain application facilitates more effi
cient use of resources and optimizes decision making through digital 
technology, thereby reducing operational cost and improving opera
tional efficiency.

5.2. External perspective: operational scope

From the external perspective, we analyse whether operational scope 
is the mechanism through which enterprises’ blockchain application 
promotes innovation. Table 5 shows that enterprises’ blockchain 
application can promote different types of operational scope. In column 
(1), we use enterprises’ supplier distribution as the dependent variable, 
measured by 1 - supplier concentration ratio. Supplier concentration 
means the share of purchases of the 10 suppliers with the largest pur
chases (with enterprise i in year t) out of the total purchases (of enter
prise i in year t). 1 subtracts this value can measure the extent of the 
distribution of suppliers. The results in column (1) show that enter
prises’ blockchain application can increase supplier distribution and is 
significant at the 1% level. In column (2), we use the enterprises’ 
cooperator distribution as the dependent variable, measured by 1 - 
cooperator concentration ratio. Cooperator distribution means the share 
of cooperating patents granted number of the 3 cooperators with the 
most cooperating patents granted number (with enterprise i in year t) 
out of the total cooperating patents granted number (of enterprise i in 
year t). 1 subtracts this value can measure the extent of the distribution 
of cooperators. The results in column (2) show that enterprises’ block
chain application can significantly increase cooperator distribution. As 
robustness tests, we obtained similar results using the Tobit model (see 
Appendix 5). Blockchain application facilitates innovation by improving 
operational scope and matching more suppliers and cooperators. 
Therefore, Hypothesis 2 is validated.

6. Heterogeneity

6.1. Contextuality

Further, we conduct the heterogeneity analysis for the impact 

blockchain application in different contexts and report the results in 
Table 6. We use enterprises’ total number of active patents (taken log
arithm) to measure technological accumulation, and enterprises’ total 
asset (taken logarithm) to measure capital accumulation. In column (1), 
the coefficient of the interaction term between blockchain application 
and technological accumulation is 0.044 and significant at the 1% level, 
showing that enterprises exhibiting elevated levels of technological 
accumulation experience higher positive influence from blockchain 
applications on innovation. In column (2), the coefficient of the inter
action term between blockchain application and capital accumulation is 
0.038 and significant at the 1% level, showing that enterprises exhib
iting elevated levels of capital accumulation experience higher positive 
influence from blockchain applications on innovation. These results 
analyse the contextual influence of blockchain application and their 
effects on innovation. Therefore, Hypothesis 3 is validated.

6.2. Temporality

Then, we conduct the heterogeneity analysis for innovation’s tem
porality and report the results in Table 7. We focus on the patents’ 
Technology Cycle Time (TCT), measured by the average age of patents’ 
cited patents (OECD, 2009) taken logarithm. We calculate the average 
patent Technology Cycle Time of each enterprise in each year, then 
divide them into three groups by quartiles. The group with the largest 
average TCT is Group Slow, and the group with the smallest average TCT 
is Group Fast. Comparing Columns 1 to 3 of Table 7 shows that block
chain application is a facilitator for different speeds of innovation and is 
significant at the 1% level. Relatively, blockchain application has the 
strongest facilitating effect on fast innovation with a coefficient of 0.103, 
and the weakest facilitating effect on slow innovation with a coefficient 
of 0.078. For Group Medium, the coefficient of blockchain application is 
0.085. Therefore, Hypothesis 4 is validated.

Table 4 
Blockchain’s effect on operational efficiency.

Variables (1) (2)

Asset turnover ratio Cost ratio

Blockchain 0.023*** − 0.030***
(0.002) (0.003)

Controls Yes Yes
Year dummy Yes Yes
Enterprise dummy Yes Yes
Observations 15716 15716
R-squared 0.662 0.651

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. 
Robust standard errors in parentheses.

Table 5 
Blockchain’s effect on operational scope.

Variables (1) (2)

Supplier distribution Cooperator distribution

Blockchain 0.018*** 0.012***
(0.002) (0.002)

Controls Yes Yes
Year Dummy Yes Yes
Enterprise Dummy Yes Yes
Observations 15716 15716
R-squared 0.575 0.553

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. 
Robust standard errors in parentheses.

Table 6 
Blockchain application’s contextuality.

Variables (1) (2)

Patent granted Patent granted

Blockchain× Technological accumulation 0.044*** (0.009) ​
Blockchain× Capital accumulation ​ 0.038*** (0.008)
Blockchain 0.053*** 0.059***

(0.010) (0.012)
Technological accumulation 0.719*** ​

(0.018) ​
Capital accumulation ​ 0.635***

​ (0.017)
Controls Yes Yes
Year dummy Yes Yes
Enterprise dummy Yes Yes
Observations 15716 15716
R-squared 0.681 0.677

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. 
Robust standard errors in parentheses.

Table 7 
Innovation’s temporality.

Variables (1) (2) (3)

Slow Medium Fast

Blockchain 0.078*** 0.085*** 0.103***
(0.014) (0.014) (0.016)

Controls Yes Yes Yes
Year dummy Yes Yes Yes
Enterprise dummy Yes Yes Yes
Observations 5239 5239 5238
R-squared 0.666 0.668 0.673

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. 
Robust standard errors in parentheses.
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7. Discussion and conclusion

This paper tackles the still under-researched area of the impact of 
blockchain application on innovation by investigating what impact are 
observed, how is this impact realised, and the contextual influences of 
the results. By drawing large scale empirical evidence from Chinese 
listed companies spanning from 2007 to 2020, the findings revealed 
nuanced insights on the multifaceted relationship between blockchain 
and innovation within the dynamic business landscape. As the analysis 
shows that enterprises’ adoption of blockchain applications has a sig
nificant positive impact on their innovation performances. Looking 
more closely, we revealed that the positive impact was achieved through 
two key mechanisms: the improvement of operational efficiency and the 
broadening of operational scope. Blockchain’s inherent characteristics, 
such as decentralization, transparency, and immutability, contribute to 
streamlined and more efficient business processes (Weking et al., 2020). 
The distributed ledger system can reduce the need for intermediaries, 
minimise errors, and accelerate transaction processing (Casino et al., 
2019). The transparency and traceability offered by blockchain tech
nology enable enterprises to extend their operation reach (Hasan et al., 
2020). Such expansion can go beyond the traditional boundaries, and 
facilitate collaborations, partnerships, and interactions across diverse 
stakeholders (Shiva et al., 2023). Enterprises can access new markets, 
engage in novel chains, and leverage a broader spectrum of resources. 
Consequently, the efficiency gain can allow the enterprise to redirect 
resources towards innovation endeavours and improve productivity; the 
broadened operational scope can foster innovation by exposing the en
terprise to new perspectives, ideas and opportunities that were previ
ously inaccessible.

Our empirical results also evidenced contextual differences where 
enterprises with heightened levels of technological and capital accu
mulation experience a more pronounced positive influence from 
blockchain applications on innovation. As a fast-emerging technology, 
the inherent complexities of blockchain integration often require a so
phisticated technological infrastructure and financial commitment for 
effective adoption (Pan et al., 2020). Thus, enterprises with more re
sources are better positioned to strategically leverage blockchain ap
plications for innovation.

The results also show that the adoption of blockchain applications 
expedites technology development cycles, evidencing its role in accel
erating innovation processes. This can be achieved through the auto
mation of processes and the potential elimination of intermediaries, 
which can, in turn, streamline workflows and reduce delays. For 
instance, smart contracts can automate agreements, ensuring quick and 
accurate transactions without manual intervention (Zou et al., 2019). 
The transparent and immutable nature of blockchain records can 
enhance trust and reducing time spent on verification and reconciliation 
(Gomaa et al., 2023). Consequently, enterprises can bring new products 
and services to market quicker and responding to the market more 
timely, demonstrating how blockchain makes innovation faster.

7.1. Theoretical contributions

In regard to theoretical contributions, this paper proposes a frame
work for understanding dynamic and complex relationships between 
blockchain and innovation. The RBV offers a holistic framework for 
understanding the competitive advantage, emphasizing the role of 
unique and valuable resources in driving sustained enterprise perfor
mance (Freeman et al., 2021). By employing the RBV as a theoretical 
lens, it enriches the understanding of blockchain as an intangible 
resource, highlighting its value, rareness, inimitability, and 
non-substitutability (VRIO) and their influence on innovation outcomes. 
Our study establishes a clear theoretical link between operational effi
ciency, enhanced through blockchain, and its positive impact on inno
vation, underscoring how efficient resource utilization and reduced 
operational costs facilitate greater innovative capabilities.

Additionally, the research extends theoretical knowledge by showing 
how blockchain expands operational scope, enabling new business 
models and market opportunities, fostering a broader innovation 
ecosystem. It differentiates the impact of blockchain on enterprises with 
varying levels of capital and technological accumulation. While firms 
with high accumulation levels benefit more, those with lower levels can 
leverage blockchain for cost reduction, improved data security, and 
market expansion. By providing robust empirical evidence from a large 
dataset of Chinese listed companies, the study validates theoretical 
models linking blockchain adoption to enhanced innovation outcomes, 
thereby strengthening the theoretical arguments and providing a foun
dation for future research.

7.2. Managerial implications

From a practical perspective, this paper encourages enterprises who 
are actively seeking innovation to view blockchain applications as a 
catalyst for innovation, and therefore more proactively explore and 
adopt blockchain technology to its full potential. At the same time, we 
also acknowledge the initial costs of implementing blockchain. How
ever, this study highlights that after establishing the initial imple
mentation structure, the marginal costs of continued use are lowered. 
Moreover, as the enterprises grow, the average costs fall. Therefore, this 
research particularly encourages enterprises with strong technological 
and capital accumulation to leverage blockchain technology effectively. 
Additionally, for enterprises with less capital and technological accu
mulation, blockchain can still offer substantial benefits. Blockchain’s 
ability to reduce operational costs through automation and eliminate 
intermediaries can be particularly advantageous for smaller enterprises 
(Catalini and Gans, 2020). Access to decentralized financial services 
provides easier and more affordable financing options, and secure, 
transparent cross-border transactions enable market expansion without 
significant capital investment (Tapscott and Tapscott, 2017). Blockchain 
also enhances data security, crucial for enterprises lacking extensive IT 
infrastructure, and fosters collaborations by providing secure platforms 
for partnerships (Zheng et al., 2017). Lastly, blockchain simplifies reg
ulatory compliance, reducing the burden on smaller firms (Pilkington, 
2016).

Lastly, this research also revealed that the adoption of blockchain 
applications can effectively enhance enterprises’ operational efficiency 
and scope levels. This finding encourages enterprises that are aspiring to 
improve these aspects to proactively harness the potential of blockchain 
applications. Queiroz and Wamba (2019) point out that one of the sig
nificant barriers hindering enterprises from adopting blockchain tech
nology lies in their insufficient comprehension of its value. Thus, we 
believe our results can contribute to addressing this barrier.

From a policy perspective, our findings can also contribute to policy 
makers’ decision-making in regard to blockchain development. For 
governments, the economic and social impact of blockchain technology 
requires greater attention. The paper suggests exploring policies that can 
lead to better utilization of blockchain technology and leverage its 
positive effects.

7.3. Limitations and future research

While we acknowledge the substantial contributions this paper has 
made to the existing literature, we do also recognize the presence of 
limitations that require further attention and refinement in future 
research endeavours. When measuring enterprises’ blockchain applica
tions, our methodology relies on collecting the annual reports of each 
enterprise and measuring the degree through analysing the textual 
content within the annual reports. While this methodology has been 
adopted in recent years for its relevance, there may be some concerns 
about its accuracy and reliability, which need to be further validated. 
There are potential risks for companies to exaggerate their achievements 
in blockchain adoption in these reports. Some similar concepts - such as 
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blockchain consideration, blockchain investment, blockchain imple
mentation - are not easily distinguished by this approach.

Future research in this domain could explore alternative pathways 
for measuring blockchain applications and their impact on innovation. 
As an emerging technology, blockchain is still rapidly evolving and 
continued attention on its impact is required in the future. A more 
qualitative approach can complement this by highlighting specific 
challenges in linking blockchain applications with innovation from an 
organizational behaviour perspective. Enterprises may encounter 
various hurdles in navigating this transformative landscape. Concerns 
such as investment scope, security, interoperability, standardization, 
cultural and management shift all present obstacles that demand further 
attention. Thus, a more thorough exploration of the limitations and 
challenges associated with the adoption of blockchain applications, 
coupled with an in-depth investigation into the identification of best 
practices that facilitate the effective utilization of blockchain for en
terprises, would provide practical value.
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Appendix 1. Correlation Coefficients

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9)

Innovation 1.000 ​ ​ ​ ​ ​ ​ ​ ​
Blockchain 0.121 1.000 ​ ​ ​ ​ ​ ​ ​
Employee 0.302 0.182 1.000 ​ ​ ​ ​ ​ ​
LOAR − 0.101 − 0.117 − 1.921 1.000 ​ ​ ​ ​ ​
ROE 0.207 0.164 0.051 0.041 1.000 ​ ​ ​ ​
SOE − 0.091 − 0.110 0.090 0.169 0.059 1.000 ​ ​ ​
Age 0.176 0.090 − 0.117 − 0.088 − 0.130 − 0.428 1.000 ​ ​
Board 0.078 0.047 0.007 − 0.095 0.023 − 0.283 0.109 1.000 ​
CF 0.094 0.078 0.040 − 0.006 0.256 − 0.030 − 0.014 0.060 1.000
Growth 0.217 0.104 0.028 0.064 0.230 0.106 − 0.101 − 0.026 0.016
Tangible − 0.091 − 0.081 − 0.047 − 0.264 − 0.118 − 0.227 0.123 0.175 0.230
Asset turnover ratio 0.109 0.042 0.043 0.018 0.178 − 0.058 − 0.028 0.041 0.126
Cost ratio 0.098 0.103 − 0.037 − 0.155 − 0.290 − 0.215 0.208 0.059 − 0.214
Supplier distribution 0.041 0.053 0.011 0.019 0.102 − 0.201 0.102 0.101 0.102
Cooperator distribution 0.030 0.051 0.010 0.103 0.122 − 0.192 0.117 0.099 0.098
Technological accumulation 0.074 0.061 0.205 0.112 0.139 0.187 0.124 0.105 0.161
Capital accumulation 0.067 0.066 0.229 0.102 0.131 0.160 0.090 0.069 − 0.333
TCT − 0.043 − 0.102 0.017 0.038 0.192 0.165 0.024 0.089 − 0.102

Variables (10) (11) (12) (13) (14) (15) (16) (17) (18)

Innovation ​ ​ ​ ​ ​ ​ ​ ​ ​
Blockchain ​ ​ ​ ​ ​ ​ ​ ​ ​
Employee ​ ​ ​ ​ ​ ​ ​ ​ ​
LOAR ​ ​ ​ ​ ​ ​ ​ ​ ​
ROE ​ ​ ​ ​ ​ ​ ​ ​ ​
SOE ​ ​ ​ ​ ​ ​ ​ ​ ​
Age ​ ​ ​ ​ ​ ​ ​ ​ ​
Board ​ ​ ​ ​ ​ ​ ​ ​ ​
CF ​ ​ ​ ​ ​ ​ ​ ​ ​
Growth 1.000 ​ ​ ​ ​ ​ ​ ​ ​
Tangible − 0.108 1.000 ​ ​ ​ ​ ​ ​ ​
Asset turnover ratio 0.123 − 0.056 1.000 ​ ​ ​ ​ ​ ​
Cost ratio − 0.100 0.175 0.374 1.000 ​ ​ ​ ​ ​
Supplier distribution 0.088 0.115 0.102 0.119 1.000 ​ ​ ​ ​
Cooperator distribution 0.-79 0.131 0.102 0.110 0.161 1.000 ​ ​ ​
Technological accumulation 0.041 − 0.131 0.263 0.012 0.101 0.073 1.000 ​ ​
Capital accumulation 0.366 0.245 0.042 0.031 0.124 0.038 0.141 1.000 ​
TCT − 0.093 0.066 0.037 − 0.029 0.067 0.051 − 0.047 0.033 1.000

Appendix 2. Robustness test for different sample period (2012–2020)

Variables (1) (2) (3)

Patent granted Patent granted Patent granted

Blockchain 0.097*** 0.085*** 0.078***
(0.014) (0.015) (0.017)

Controls ​ Yes Yes
Year dummy ​ ​ Yes

(continued on next page)
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(continued )

Variables (1) (2) (3)

Patent granted Patent granted Patent granted

Enterprise dummy ​ ​ Yes
Observations 10102 10102 10102
R-squared 0.525 0.603 0.656

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. Robust standard errors in parentheses.

Appendix 3. Robustness test for multicollinearity

Variables (1) VIF (2) 
1/VIF

SOE 1.30 0.77
Age 1.26 0.79
Blockchain 1.25 0.80
Tangible 1.22 0.82
LOAR 1.20 0.83
Employee 1.19 0.84
ROE 1.17 0.85
CF 1.15 0.87
Board 1.13 0.88
Growth 1.08 0.93

Appendix 4. Robustness tests using Tobit model: blockchain’s effect on operational efficiency

Variables (1) (2)

Asset turnover ratio Cost ratio

Blockchain 0.020*** − 0.026***
(0.002) (0.003)

Controls Yes Yes
Year dummy Yes Yes
Enterprise dummy Yes Yes
Observations 15716 15716
R-squared 0.831 0.816

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. Robust 
standard errors in parentheses.

Appendix 5. Robustness tests using Tobit model: blockchain’s effect on operational scope

Variables (1) (2)

Supplier distribution Cooperator distribution

Blockchain 0.015*** 0.009***
(0.002) (0.002)

Controls Yes Yes
Year Dummy Yes Yes
Enterprise Dummy Yes Yes
Observations 15716 15716
R-squared 0.752 0.738

Note: *, ** and *** indicate significant at 10%, 5% and 1% level respectively. Robust standard 
errors in parentheses.

Data availability

Data will be made available on request. 
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