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Abstract: Since its reform and opening up in 1978, China has maintained strong economic growth
for more than four decades. For a long time, China’s economic growth has been characterized by
a crude growth mode, which is mainly manifested in growth driven by large amounts of capital,
energy and raw materials, and labor inputs, with little contribution from innovation and technology,
which will make it difficult to promote sustainable development in the era of the knowledge economy.
On the other hand, improving administrative efficiency is one of the key paths to realizing China’s
sustainable development strategy. The Chinese government emphasizes high-quality development,
and long-term development and stable management can be achieved only if administrative efficiency
is improved on the basis of achieving sustainable development. For the purpose of transforming
and developing the Chinese government to a higher standard, this study examined how blockchain
affects administrative effectiveness across different provinces. The three-stage Data Envelopment
Analysis (DEA) model was chosen to evaluate China’s regional administrative efficiency. It used
the typical markers found in both the international and domestic literature. The input-output
indicators were determined using the Delphi method, and the findings showed that while most
provinces had reasonably high administrative efficiency, there were notable regional variations. This
article empirically employed the Tobit model to examine the effect of blockchain on administrative
efficiency based on administrative efficiency calculations. The findings showed that administrative
efficiency was significantly impacted by blockchain research investment, blockchain research output,
the number of blockchain policies, and the size of the population. In contrast, there was not a
significant impact on administrative efficiency due to the quantity of procurements for blockchain
government initiatives.

Keywords: sustainable development; blockchain; administrative efficiency; the DEA-Tobit method

1. Introduction

In today’s fast-changing social environment, sustainable development and innova-
tion in administration have become crucial. With the rapid development of science and
technology and people’s higher demands for the government, inefficient administration
brought about by traditional means of governance has directly affected people’s satisfaction
with the government, and in turn, this has affected the foundation of the government’s
governance. In 2020, the Fifth Plenum of the 19th CPC Central Committee pointed out
that it was necessary to ‘improve the state administrative system, to better play the role of
the government, and significantly improve administrative efficiency and credibility” and
‘further improve the effectiveness of national governance’. Therefore, administration must
continue to innovate in order to adapt to sustainable development.
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In China, the current management style overemphasizes aspects such as forms, pro-
cedures, and regulations, which can easily lead to administrative inefficiency. On the
other hand, blockchain construction is being implemented in an orderly manner in various
countries around the world and is being applied in many scenarios, such as identity au-
thentication, financial allocation, land registration, healthcare services, and public sector
reform. Based on this, the authors propose that the introduction of blockchain technol-
ogy in government work can help the government to better collect, manage, and utilize
data, improve work efficiency and decision-making ability, and thus achieve sustainable
development of administration.

Generally speaking, blockchain is a form of distributed ledger technology in which
blocks of data are assembled chronologically into a chained data structure that is sequen-
tially linked and cryptographically guaranteed to be tamper-proof and unforgeable.

It is important to note that Distributed Ledger Technology (DLT) is a decentralized
system that contains a series of transactions (ledger). The ledger is maintained by a peer-
to-peer network of nodes, which use consistency algorithms to synchronize data between
nodes in a reliable and attack-resistant manner. The underlying structure of a DLT can be
a blockchain, a DAG (Directed Acyclic Graph), a hashmap, or another structure, and the
consistency algorithms can be proof-of-work, proof-of-stake, pragmatic Byzantine fault-
tolerance, asynchronous Byzantine protocol, and so on. As you can see, DLT technology
includes a large class of distributed systems of which blockchain is only a part.

Blockchain was initially designed as the underlying technology for the cryptocurrency
Bitcoin. Still, in recent years, blockchain technology and industry have been developing
rapidly around the world, and applications have been extended to a variety of fields [1].
Industries such as finance, supply chain, healthcare, and more are exploring its potential
to improve efficiency, reduce fraud, and enhance transparency in various processes. The
processing of blockchain is shown in Figure 1 [2].
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Figure 1. The processing of blockchain. In the figure, both A and B are nodes representing different
users, only displayed on their mobile phones and computers respectively.

There is no central administrator or central authority to control all the data-related
aspects of blockchain technology [3].

On the one hand, scholars have analyzed the value of blockchain technology, and most
scholars believe that blockchain technology has an important value, which is conducive to
facilitating information exchange, increasing information transparency, enhancing trace-
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ability, and guaranteeing the authenticity of the information. Su proposes that blockchain
technology is the fifth most disruptive computing paradigm, following mainframe comput-
ers, personal computers, the Internet, and mobile social networking, and that, in the era of
Industry 4.0, blockchain technology can be transformed into a sustainable manufacturing
paradigm [4].

On the other hand, scholars and enterprises have launched in-depth research on the
specific applications of blockchain technology, especially in governmental applications that
have spawned many scenarios, which are conducive to the government’s efforts to break
down the barriers of ‘data silos” and realize the sustainable development of administration.

Firstly, China’s push for blockchain may also be related to personal information protec-
tion. When governments coped with a large amount of data through large-scale computers,
it was hard for traditional legislation such as PIPL (Personal Information Protection Law)
to handle issues pertaining to the illegal collection and use of personal data. Peng et al.
overcame the data-sharing, server-centric approach by suggesting BlockShare as a privacy-
preserving, verifiable data-sharing system based on blockchain [5]. Blockchain technology
uses encryption algorithms and distributed storage to ensure that data are not easily stolen
or tampered with during transmission and storage. In addition, blockchain technology
enables decentralized authentication, thus providing a more secure and trusted digital
identity authentication mechanism. For example, in 2020, Shaw Hospital, affiliated with
Zhejiang University School of Medicine, went live with a blockchain medical applica-
tion that employed blockchain technology to protect electronic medical records, scientific
research, and other data.

Secondly, in supply chain management, governments will want to borrow blockchain
technology to guarantee a more adequate and optimal allocation of resources in order to
reach the goal of sustainable development. Magnus et al. argued that globalized supply
chains cross multiple regulatory boundaries and that the governance of global supply
chains faces sustainability requirements for both production and consumption, which
can be helped by blockchain [6]. Nir explored the impact of blockchain technology on
cost, quality, speed, reliability, risk reduction, sustainability, and flexibility as key supply
chain management objectives and provided evidence that the use of blockchain in supply
chain activities can improve transparency and accountability and facilitate government
regulation [7].

Thirdly, blockchain can help governments improve efficiency for sustainability. For
example, Tianjin Port uses blockchain to cross-validate the core fields of multiple trade
documents and realize a one-click declaration of enterprise trade information. At the
same time, multi-level risk tips are provided for regulators and trading enterprises to help
participants accurately control risks in a timely manner and enhance trade efficiency [8].
We can see that the traditional centralized system has never been able to achieve mutual
trust and the mutual recognition of data among multiple participants in cross-border trade
scenarios, and the credit value of core enterprises cannot be transferred and shared. On the
contrary, blockchain can effectively solve the above problems. The land tax department
of Jiangsu Province cooperates with the land department to transform the cadastral and
property information of enterprises into the land tax information required by the land tax
department through blockchain technology, so as to realize the timely monitoring of the
land tax information. In addition, the risk model in the system will compare the successfully
matched land information and tax source information and push the suspected risk points
to the relevant departments for risk management [9]. Wu et al. proposed a government
system analysis framework based on a blockchain innovation supply chain, which utilizes
blockchain technology to aggregate data dispersed in various nodes into a public ledger to
form a public ledger, realizing the real-time sharing and tracing of data [10].

Finally, efficiency improvement itself is also an important manifestation of sustain-
able development. Li et al. pointed out that the question of the sustainability of OER
can be answered from the perspective of cost efficiency in the development of OER by
higher education institutions [11]. Yan et al. demonstrated that the implementation of the
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Shanghai-Shenzhen-Hong Kong Stock Connect trading system enhanced the total factor
productivity of firms, which in turn facilitated the sustainability of firms [12].

As we can see, various countries are promoting the integration of blockchain with
government governance. The following are some relevant examples:

The UK government has published ‘Distributed Ledger Technology: Beyond Blockchain’,
which assesses the vast development potential of blockchain technology to transform public
and private financial services [13].

In terms of integrating blockchain with government governance, the Estonian govern-
ment has adopted a decentralized management project for blockchain—Bitnation, which
builds blockchain identities for residents through the e-Residents project and provides
services such as birth certificates, marriage certificates, business contracts, notarization,
and more [14].

The above examples well illustrate the application of blockchain in administration.
In order to promote the sustainable development of administration, scholars in various
countries have begun to turn their attention to blockchain technology in order to realize
the improvement of administrative efficiency.

Lemieux conducted a study on how government relief funds are used, suggesting
that the use of blockchain technology can help the government to track where the funds
are going and whether they are distributed appropriately, ensuring that government re-
relief and welfare funds are secured and thus ensuring the effectiveness of social service
programs [15].

Nordrum et al. compared and analyzed two blockchain government application
models in Illinois, the USA, and Dubai. They concluded that blockchain government
applications are suitable for public sector reforms with their tamper-proofing, traceability,
and high-speed data collection and processing, which can help improve government
institutions’ efficiency and fairness [16].

Melanie also suggested a number of possible scenarios for applying blockchain tech-
nology, arguing that the use of blockchain technology for permanent public records can
be more efficient and decentralized, which can help governments offer more personalized
government services [17].

The book Government Applications and Standards to Use Blockchain mentions that blockchain
technology has been applied in fields such as real estate, digital identity, infrastructure man-
agement, security and emergency management, and smart contracts, and through examples,
blockchain technology can improve the efficiency of providing public services [18].

Another book, Blockchain in the Global South, discussed that blockchain could allow
government agencies to fulfill their mission and responsibility effectively by managing
scarce resources responsibly. What is more, it evaluated various mechanisms and features
of blockchain that can help prevent fraudulent and corrupt practices by using specific
cases [19].

While scholars in all countries have largely maintained a consensus that blockchain
can contribute to administrative efficiency, this consensus unfortunately lacks sufficient
data to prove it. Therefore, the authors have continued to look for relevant research and
have attempted to use measures of efficiency to evaluate the role of blockchain.

For example, Anne Fleur van Veenstra and Tjerk Timan listed a Public Value Impact As-
sessment Framework for Digital Governance, which included three layers—policy, organi-
zation, and technology—and six categories related to the value of effectiveness—efficiency,
social outcomes, openness, ethical behavior, professionalism, and trust. They demonstrated
its use by examining three exemplary case studies of public services (OOP for Cross-Border
Business, Impact of Disruptive Technology, and Impact of Artificial Intelligence) and drew
up the conclusion that in the field of digital government, public value is difficult to reflect
in easily measurable indicators, and the effectiveness of technology promotion needs to be
seen in the long run [20].

Bitcoin and Ethereum based on Distributed Ledger Technologies such as blockchain
as well as applications of machine learning, data science, the Internet of Things, artificial
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intelligence, and decision and data visualization became beacons and facilitators for shaping
blockchain’s next phase. Blockchain improved efficiency and became a routine way for the
private sector, non-governmental organizations, governments, and individuals to execute
their daily operations [21].

Zhang et al. selected the Productivity Promotion Center as the research sample. They
used Stochastic Frontier Analysis to evaluate the improvement of service efficiency of
productivity promotion centers with different orientations and the changes in service
efficiency of productivity promotion centers affected by the environment [22].

Huang et al. used DEA to analyze the efficiency and influencing factors of rural
primary medical and health services in Western China from 2017 to 2019. Their study
found that the efficiency of rural direct medical and health services in Western China had
improved to a certain extent. Still, the regional and provincial development was unbalanced,
and the low pure technical efficiency was the main reason for the low comprehensive
efficiency [23].

In addition to studies that focus on blockchain technology-enabled administration,
many studies focus on the factors influencing the adoption of district chain technology. For
example, Queiroz et al. specifically explored the role of indicators such as performance
expectations, social influence, facilitation, blockchain transparency, trust between supply
chain stakeholders, behavioral willingness, and behavioral expectations, thus analyzing
the adoption behavior of supply chain firms towards blockchain in the context of Indian
and US organizations [24].

Wong et al., by collecting and analyzing empirical data from Malaysian SMEs, con-
cluded that competitive pressure, complexity, cost, and related factors have a significant
impact on SMEs’ adoption of blockchain in operations and supply chain management [25].

Furthermore, Saberi et al. classified the barriers to blockchain technology adoption
into four categories: inter-organizational, intra-organizational, technological, and external,
and suggested directions to overcome these barriers [26].

Based on the above literature, it is reasonable to believe that a quantitative approach
can be utilized to explore the important role of blockchain in the sustainable aspects of
administration, especially in the improvement of administrative efficiency.

2. Materials and Methods
2.1. Data Envelopment Analysis (DEA)

The intersection of operations research, management science, and quantitative eco-
nomics yields Data Envelopment Analysis (DEA). It is typically applied to assess the
comparative effectiveness of several homogenous input-output decision-making units
(DMUs). Homogeneous DMU s are similar in three ways: first, they have similar activities
and objectives; second, they have similar external environments; and third, they have
similar input and output indicators. Every DMU has its own economic relevance and
fulfills its objectives by transforming inputs into outputs [27].

The DEA approach was introduced by the renowned American operations research
scientists Charnes et al. and has undergone continual improvement over the last four
decades [28].

The BCC model, which is based on variable returns to scale, and the CCR model, which
is based on constant returns to scale, are the two most representative models among them.
The CCR model makes the following assumptions: there are n provinces and municipalities,
m input and q output indicators, and consistent returns to scale. The best answer to the
following linear programming issue is the technical efficiency (TE) of the joth area and city
as determined by the model:
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The weight vector is represented by A = (Aj,A;, - - -, )\j)T and is in Formula (1). The
m-dimensional input column vector of the jth province and municipality is represented by
Xj, and the g-dimensional output vector of the jth area and city is represented by Y;. The
joth input and output slack variables for province and municipality are represented by S+
and S, respectively [29].

Variable returns to scale have been a growing challenge to government organizational
efficiency as the modern administrative system has evolved. To tackle the problem of
continuous returns to scale [30], the BBC model adds a convexity assumption based on the
CCR model. This leads to the results of pure technical efficiency (PTE) and scale efficiency
(SE), and in the end, SE = TE/PTE.

The CCR and BBC models have the following discrimination rules: if ° = 1, then the
joth province and municipality are considered weak DEA valid; if 8° # 1, then the jyth area
and city are considered strong DEA good, and all other situations are deemed invalid.

2.2. Stochastic Frontier Analysis (SFA)

The Stochastic Frontier Analysis (SFA) approach is a relatively well-established and
frequently utilized parameter for efficiency measurement in efficiency measurement re-
search. This technique builds a specific production function and ascertains the relationships
between input, output, and environmental variables to produce a random boundary model
with unanticipated errors. The following is the model:

Yi = f(x,B) +7i+ pi (2)

As indicated by Formula (2), where Y; stands for output, ffor the productivity fron-
tier of the x input factor estimation,  for the parameter model, and v; for the random
disturbance term, y; is assumed to follow either an exponential distribution or a censored
distribution, in accordance with the normal distribution [31]. This model’s error can be
separated into two categories: random error y;, which is an unpredictable component that
can either boost or decrease operational efficiency, and technological inefficiency, meaning
that efficiency is only reduced, not increased, by the non-negative error factor denoted
by pi.

The administrative efficiency values of provincial governments are obtained for the
article as a dependent variable using SFA and DEA.

2.3. Tobit Model

There are situations when the dependent variable’s value range may be constrained,
leading to truncation or deletion. We refer to this type of dependent variable as a confined
dependent variable. The organizational efficiency of each provincial and municipal govern-
ment is the dependent variable in this paper due to the study of the impact of blockchain
on administrative efficiency. The dependent variable has a value range of 0-1, consistent
with the value characteristics of the restricted dependent variable model. The ensuing bias
brought on by conventional regression models can be avoided by using the Tobit model.
As a dependent variable-constrained model, the Tobit regression model is more suited for
the regression analysis of factors impacting administrative efficacy.
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As Formula (3) demonstrates, the Tobit model is a regression model with limited
dependent variable values.

Y= Pxitpi
Y =VYi, y*>0 (3)
y =0, y =<0

where " is the prospective dependent variable, x; is the vector of the independent variable,
B is the vector of the coefficient, and y; is the independent error term that follows a
normal distribution.

The prospective dependent variable y* and the observed data y have the following
relationship: When the likely dependent variable has a value of y; and is more significant
than zero, it can be observed. When the value is zero or less, stop at zero.

More generally, Formula (4) illustrates how it can be intercepted on either side of any
finite point, as follows:

yi=c , ¥y <c
vi=y , ¢ <y, <c’ (4)
yi=ct, ct <y
3. Empirical Analysis and Results
3.1. Dependent Variable: Administrative Efficiency
3.1.1. Indicator Selection

The foundational task of the complete efficiency evaluation in administrative efficiency
evaluation research is the objective and accurate construction of a multi-indicator system,
which also establishes the validity and scientific character of subsequent evaluation outcomes.

For instance, He et al. conducted a thorough evaluation of government efficiency
using the international mainstream research system and methodologies. ‘Government
public service’, ‘government public provision’, ‘government scale’, ‘social security’, and
‘residents’ welfare’ are the five first-level metrics they established. In terms of government
public services, they defined three second-level indicators: ‘science, education, culture and
health’, “‘public security service’, and ‘meteorological service’ [32]. Forty-six fundamental
indicators were chosen.

Two secondary hands are included in the system of government performance evalua-
tion indicators in the first-level indicators of ‘learning and growth’ by Wu et al.: “degree of
network informatization” and “degree of soundness of grassroots organizational structure.’
Two second-level indicators are involved in the first-level indicator of ‘internal processes’:
‘efficiency of handling affairs and services” and ‘communication and coordination between
departments’. Similarly, the second-level indicator of “administrative operating cost’ is
involved in the first-level indicator of ‘finance’ [33].

The principles of operability, sustainable development, emphasizing key points, and
combining qualitative and quantitative indicators are among the four considerations that
the authors of Natural Resource Regulation in China observed to be important when choosing
indicators while searching and organizing the literature [34].

Because the public sector’s operation and efficiency are closely linked, this article
assesses the public sector’s efficiency in light of the government’s primary functions.
Lastly, the secondary indicators have been expanded based on the six significant indicators
chosen in this article, which are ‘transportation’, ‘medical and health’, ‘social security and
employment’, ‘scientific education’, and ‘general public services’. As a result, there should
not be an excessive number of indicators used; otherwise, determining administrative
efficiency would be difficult.

To further enhance the indicators, this research employs the Delphi method. Based on
an expert’s assessment of the scenario or their knowledge of the topic, it is evident that the
expert questionnaire can assist the author in narrowing down the topic. As can be seen,
both Cr values are more significant than 0.7. Table 1 presents the specific findings.
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Table 1. Result table of expert authority level.

Number of Times Ca Cs Cr
1 0.92 0.78 0.85
2 0.88 0.8 0.84

The results of this study’s input-output indicators are displayed in Table 2, along with
professional judgments and previously conducted literature reviews.

Table 2. Three-stage DEA model indicators.

Primary
Indicators

Secondary Indicators

Unit Data Sources

Input indicators

The number of administrative practitioners

ten thousand people

General public budgeting expenditures billion

Total annual power supply TWh

Three types of patent authorizations piece

Pension insurance coverage rate Y% China National Bureau
Output indicators The number of beds per thousand people in . of Statistics

hospitals and health institutions plece

Total afforestation area hectares

Actual road length at the end of the year

ten thousand kilometers

Environment variable

The year-end resident population of each region

ten thousand people

The Gross Regional Product

billion

For the sample period of 2012-2021, this article uses 31 provinces and municipalities

nationwide as its research subject.

Two input variables that reflect the sorts of human and capital resources available
to the government are the number of administrative practitioners and general public

budgeting expenditures.

To represent the core functional divisions of government, we chose the following
output indicators: total annual power supply; three types of patent authorizations; pension
insurance coverage rate; the number of beds per thousand people in hospitals and health
institutions; total afforestation area; and actual road length at the end of the year.

The SFA model’s environmental variables are chosen based on the year-end resident
population of each region and the Gross Regional Product.

3.1.2. The First Stage Measurement

An input-oriented BCC-DEA model that treated every province and municipality as a
decision-making unit was chosen for the first stage. The DEAP-2.1 program was utilized to
determine each DMU’s administrative efficiency. Owing to space constraints, only adminis-
trative efficiency for 2021 is listed in this section; Table 3 displays the precise statistics.

As per the preceding data, Jilin Province has the lowest administrative efficiency of
0.694 and the maximum efficiency of 1. Nine provinces and municipalities make up the
efficient portion of the country, which is roughly 29.03%.
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Table 3. Results of the administrative efficiency calculations performed in 2021 by different Chinese
provinces and municipalities, before the correction.

Province/

Municipality TE PTE SE RTS
Beijing 0.821 1 0.821 DRS
Tianjin 1 1 1 -
Hebei 0.739 0.753 0.982 DRS
Shanxi 0.875 1 0.875 DRS

Inner Mongolia 1 1 1 -
Liaoning 0.72 0.996 0.723 DRS
Jilin 0.694 1 0.694 DRS
Heilongjiang 0.721 1 0.721 DRS
Shanghai 1 1 1 -
Jiangsu 1 1 1 -
Zhejiang 0.998 0.998 1 -
Anhui 0.929 1 0.929 DRS
Fujian 0.964 0.968 0.995 DRS
Jiangxi 0.813 0.977 0.832 DRS
Shandong 1 1 1 -
Henan 0.803 0.939 0.856 DRS
Hubei 0.986 1 0.986 DRS
Hunan 0.728 1 0.728 DRS
Guangdong 1 1 1 -
Guangxi 0.704 0.734 0.958 DRS
Hainan 0.842 0.853 0.988 DRS
Chonggqing 0.947 1 0.947 DRS
Sichuan 0.86 1 0.86 DRS
Guizhou 0.812 0.962 0.844 DRS
Yunnan 0.941 1 0.941 DRS
Tibet 1 1 1 -
Shanxi 0.842 1 0.842 DRS
Gansu 0.862 1 0.862 DRS
Qinghai 1 1 1 -
Ningxia 1 1 1 -
Xinjiang 0.948 1 0.948 DRS
Mean 0.889 0.974 0.914

3.1.3. The Second Stage Measurement

In the second stage, the author used Frontier-4.1 to establish an SFA regression analysis
model for input relaxation variables and environmental variables, considering that the
administrative efficiency of decision-making units is influenced by three factors (random
interference term, management inefficiency, and environmental variables). This was to
highlight the administrative inefficiency caused by management inefficiency [35]. These
include the year-end resident population of each region and the Gross Regional Product, as
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well as the slack of general public budgeting expenditure and the slack of the number of
administrative practitioners.

Owing to space constraints, this section only includes the analysis for 2021. The
results of the generalized unilateral likelihood ratio test (LR test) show that, when assessing
administrative efficiency, it is appropriate and required to remove the external environment
and random confounding factors. All of the test results are greater than the critical value of
8.273, which is significant at 1%.

In addition, the relaxation of the year-end resident population on the number of admin-
istrative practitioners and the degree of freedom of general public budgeting expenditure
are both significantly positive, indicating that the larger the year-end resident population of
each province and municipality, the less favorable it is to reduce the redundancy of inputs
of administrative practitioners and general public budgeting expenditure. The reason may
be that provinces and municipalities with larger populations require more administrative
practitioners for management, which tends to cause the duplication of inputs and a waste
of administrative practitioners.

The relationship between the Gross Regional Product of each region and the freedom
of general public budgeting expenditure and the number of administrative practitioners is
significantly negative, meaning that the higher the Gross Regional Product of each region,
the more favorable it is to lower the input redundancy of administrative practitioners
and general public budgeting expenditure. This could be the case because it is easier to
use creative and intelligent service facilities to reduce the contribution of administrative
practitioners and because it is more conducive to lowering general public budgeting
expenditures at greater levels of regional economic growth.

The authors removed random interference items, inefficient management, and envi-
ronmental variables based on the SFA model’s regression results. Table 4 illustrates the
changes made to the number of administrative staff and the input value of general public
budgeting expenditure in 2021. For other years, this also holds true.

Table 4. Table of comparisons between input variables for different provinces and municipalities in
2021 before and after the corrections.

The Number of General Public The Number of General Public
Province/ Administrative Budgeting Administrative Budgeting
Municipality Practitioners l:.tefore Expenditure b.efore the Practitioners .after the Expenditure .after the
the Correction Correction Correction Correction
(Ten Thousand People) (Billion) (Ten Thousand People) (Billion)
Beijing 43.6 7205.12 49.44 7248.98
Tianjin 20 3152.55 25.24 3196.47
Hebei 97.4 8848.21 98.61 8862.53
Shanxi 63.3 5046.62 67.07 5080.03
Inner Mongolia 56.5 5239.57 61.13 5278.72
Liaoning 64.1 5879.21 67.46 5909.26
Jilin 39.5 3696.84 43.74 3734.71
Heilongjiang 49.6 5104.81 53.27 5138.78
Shanghai 19.3 8430.86 25.01 8473.51
Jiangsu 93.2 14,585.26 97.47 14,607.34
Zhejiang 80.9 11,014.59 84.64 11,039.97
Anhui 60.2 7591.05 62.69 7613.22
Fujian 51.8 5204.72 56.33 523891
Jiangxi 63.1 6778.87 66.33 6807.71
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Table 4. Cont.

The Number of General Public The Number of General Public
Province/ Administrative Budgeting Administrative Budgeting
Municipality Practitioners ]?efore Expenditure b'efore the Practitioners .after the Expenditure .after the
the Correction Correction Correction Correction

(Ten Thousand People) (Billion) (Ten Thousand People) (Billion)

Shandong 134.9 11,713.16 135.93 11,719.79
Henan 123.1 9784.29 123.10 9788.12
Hubei 76.4 7933.67 79.53 7958.76
Hunan 89 8325.5 91.21 8345.39
Guangdong 154.2 18,247.01 155.20 18,247.01
Guangxi 59.3 5806.54 61.83 5831.65
Hainan 15 1971.37 20.08 2015.64
Chonggqing 38 4835.06 42.28 4870.89

Sichuan 110.4 11,215.69 111.51 11,227.27
Guizhou 72.4 5590.01 75.67 5620.73
Yunnan 70.7 6634.36 73.64 6661.76
Tibet 15.4 2027.01 20.82 2074.15
Shanxi 60.7 6069.22 64.43 6101.26
Gansu 50.5 4032.56 54.48 4069.26
Qinghai 15.3 1854.52 20.59 1900.62
Ningxia 11.9 1427.89 17.14 1473.47
Xinjiang 86.1 5376.91 90.31 5414.14

3.1.4. The Third Stage Measurement

In the third stage, the corrected input indicators in the second stage were replaced
by the original input indicator data in the first stage, and DEAP-2.1 was used again to
analyze the administrative efficiency of China’s 31 provinces and municipalities in 2021.
The BCC model in the traditional DEA model was still used. Table 5 shows the corrected
statistical data.

The number of provinces and municipalities with administrative efficiency changed
from 9 to 11, with the two additions being Shandong and Chonggqing. Following the modifi-
cation, 20 provinces and municipalities improved their efficiency values. Pure technological
efficiency resulted in higher efficiency values for seven provinces and municipalities. By
contrast, the increase in scale efficiency led to higher efficiency values in 19 provinces
and municipalities. It is noteworthy that the only province with lower-scale efficiency
was Hebei.

Overall, administrative efficiency is relatively good in the 31 provinces and cities.
However, there are also noticeable geographical differences in administrative efficiency
between different provinces and municipalities. For example, administrative efficiency is
very low in the three northeastern provinces. In contrast, the administrative efficiency of
coastal provinces such as Guangdong, Shanghai, Jiangsu, Zhejiang, Anhui, and Fujian is
very high.
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Table 5. Results of the administrative efficiency calculations performed in 2021 by different Chinese
provinces and municipalities, after the correction.

Province/

Municipality TE PTE SE RTS
Beijing 0.852 1 0.852 DRS
Tianjin 1 1 1 -
Hebei 0.743 0.768 0.968 DRS
Shanxi 0.892 1 0.892 DRS

Inner Mongolia 1 1 1 -
Liaoning 0.724 0.996 0.727 DRS
Jilin 0.7 1 0.7 DRS
Heilongjiang 0.729 1 0.729 DRS
Shanghai 1 1 1 -
Jiangsu 1 1 1 -
Zhejiang 0.998 0.998 1 -
Anhui 1 1 1 -
Fujian 0.964 0.969 0.995 DRS
Jiangxi 0.827 0.985 0.84 DRS
Shandong 1 1 1 -
Henan 0.809 0.941 0.86 DRS
Hubei 0.995 1 0.995 DRS
Hunan 0.735 1 0.735 DRS
Guangdong 1 1 1 -
Guangxi 0.71 0.74 0.96 DRS
Hainan 0.891 0.899 0.992 IRS
Chonggqing 1 1 1 -
Sichuan 0.876 1 0.876 DRS
Guizhou 0.818 0.963 0.85 DRS
Yunnan 0.951 1 0.951 DRS
Tibet 1 1 1 -
Shanxi 0.852 1 0.852 DRS
Gansu 0.868 1 0.868 DRS
Qinghai 1 1 1 -
Ningxia 1 1 1 -
Xinjiang 0.951 1 0.951 DRS
Mean 0.9 0.976 0.922

3.2. Independent Variable: Blockchain-Related Variables
3.2.1. Variable Selection

As the current literature has rarely combined blockchain and administrative efficiency,
to expand the sample, the authors introduced the concept of ‘administration” and an-
alyzed the variables by searching for the subject strings (‘factors’), (‘blockchain’), and
(‘administration’) in the Core Collection of Web of Science.

The authors searched the content of the 104 papers obtained by the factor statistics,
eliminating the invalid literature, and then carefully studied each piece of literature, seeking
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all the relevant factors mentioned in the literature affecting the relationship between the
blockchain and the administration, as shown in Table 6.

Table 6. Frequency statistics of influencing factors.

Factor Frequency Percent
Technology and technology adoption 29 31.52%
Blockchain technology structure, models, etc. 19 20.65%
Government management and policy 18 19.57%
User acceptance 11 11.96%
Information transparency 8 8.70%
Government innovation 7 7.61%

Among them, based on the TOE theory, ‘technology and technology adoption” and
‘blockchain technology structure, model, etc.” belong to the technology dimension; ‘gov-
ernment management and policy” can be categorized as policy support, which belongs
to the environment dimension; “user acceptance’ and ‘information transparency’ can be
categorized as the relative advantage of the technology, which belongs to the technology
dimension; and ‘government innovation’ can be categorized as the internal innovation
capacity of the organization, which belongs to the organizational dimension.

The above influences may affect whether or not the government adopts blockchain
technology. From these factors, the authors tried to extract scientifically available data
and ultimately decided to use blockchain research investment, blockchain research output,
the number of blockchain policies, the number of procurements for blockchain govern-
ment projects, and the population size of China’s 31 provinces and municipalities as the
independent variables. Table 7 describes the specific variables and data sources.

Table 7. Summary of Tobit Model Variables.

Variable Type Variable Variable Code Concrete Content Data Sources
. Administrative Comprehensive efficiency Baseq on the results
Dependent variable officienc y value obtained from the
y three-stage DEA
Blockchain research Ln (R&D investment in the Sta.tlstlcal bgreaus of
. X1 . o various provinces and
investment province and municipality) .
municipalities
. Patent Search and Analysis
Blockchain research The number O.f blpckcham System of China National
X2 patent applications in
output . Intellectual Property
urban areas of the province .. .
Administration
The number of
Independent variable The nu@ber .of s bllockchain—rglated policies  Peking University Magic
blockchain policies in the province’s urban Treasure Database
areas
The number of The number of
procurements for .
procurements for . China Government
. X4 blockchain government
blockchain government . - Procurement Network
rorects projects by province and
pPro) municipality
. . Ln (The year-end resident ~ China National Bureau of
Population size X5

population)

Statistics
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3.2.2. Hypothesis and Model Construction

Several assumptions need to be set before the model is analyzed:

H1: There is a positive correlation between blockchain research investment and administrative
efficiency.

Generally speaking, provinces and municipalities with more investment in scientific
research also have higher investments in blockchain research and a higher level of appli-
cation of blockchain technology. As an emerging technology, blockchain is decentralized,
tamper-proof, trustworthy, and traceable, which is conducive to the government’s abil-
ity to make good use of big data, break the ‘data silo,” and improve the government’s
administrative efficiency [36].

H2: There is a positive correlation between blockchain research output and administrative efficiency.

A high level of blockchain utilization, even if it mainly serves enterprises, will in-
evitably flow into the government application field, and it is more likely to enhance the
possibility of local government data disclosure. For example, based on blockchain technol-
ogy, the government can achieve the maximum degree of transparency of public welfare
charity to improve the credibility of public welfare charity organizations [37]. Therefore,
blockchain research output is an essential factor affecting administrative efficiency.

H3: There is a positive correlation between the number of blockchain policies and administrative
efficiency.

The more blockchain policies there are, the more attention and importance the govern-
ment pays to and attaches to blockchain development, hoping to achieve regional economic
growth through blockchain technology. The more economically developed the region, the
higher the demand for government service levels. In general, the more blockchain policies
there are, the higher the administrative efficiency of the government.

H4: There is a positive correlation between the number of procurements for blockchain government
projects and administrative efficiency.

The more procurements for blockchain government projects, the higher the level of the
government’s application of blockchain in the field of government affairs. For example, in
2020, Hainan completed the full-process application of blockchain financial bureau e-bills
and issued more than 2.3 million e-statements in the first quarter, involving assets of RMB
3.2 billion, which significantly improved the efficiency of government invoicing [38].

H5: There is a positive correlation between population size and administrative efficiency.

Generally speaking, areas with a larger resident population have a greater demand
for public services provided by the government and are more conducive to administrative
efficiency.

According to Table 6 and the five hypotheses, the Tobit regression equation is
as follows:

Vit = Bo + B1x1,ir + BaXo,it + B3xsit + BaXa i + P5Xs it + Mit (5)

Among them, By is a constant term, 81, B2, B3, B4, and Bs are the coefficients of each
explanatory variable, with subscripts i and  representing region and year, respectively, and
Uit is a random error term.

By analyzing the data for ten years, the authors obtained the maximum and minimum
values of administrative efficiency: 1 and 0.2, respectively. The specific data of other
variables are detailed in Table 8. Meanwhile, the data of each province and city in terms
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of blockchain are also relatively different, so it is necessary to specifically analyze the
degree of influence and the effect of each province and municipality’s own situation on
administrative efficiency.

Table 8. Descriptive statistics of Tobit model variables.

Nar.ne of Sample Size Mean Stal?da.rd Minimum Maximum
Variable Deviation Value Value
Yy 310 0.85 0.17 0.20 1.00
X1 310 5.53 1.53 0.59 8.29
X2 310 41.94 138.33 0.00 1097.00
X3 310 0.20 0.66 0.00 6.00
Xy 310 10.07 56.39 0.00 641.00
X5 310 8.13 0.84 5.75 9.45

3.3. Multicollinearity Test

The research period of this paper is ten years, and the data are panel data, so no
linearity test is needed. However, to ensure the reliability of the results, a multicollinearity
test is required. We know that the covariance of independent variables can be tested by the
variance inflation factor (VIF). When VIF < 10, the covariance problem can be ignored. To
ensure the stability and accuracy of the Tobit regression model, the variance inflation factor
(VIF) method will be used in this section to detect the covariance between the independent
variables (Table 9).

Table 9. VIF test.

Variable VIF ONE/VIF
X1 3.82 0.261834
X 3.13 0.319205
X3 1.99 0.501756
X4 1.42 0.705103
X5 1.41 0.709365
Mean VIF 2.35

The results show that the maximum value of the VIF for the independent variables
is 3.82, and the minimum value is 1.41, which is much less than 10, so it can be con-
cluded that there is no multicollinearity between the independent variables in the Tobit
regression model.

3.4. Empirical Results and Analysis

When counting the statistics, the authors found that the data on blockchain in China
from 2012 to 2016 are missing; in fact, it was only in October 2016 that China’s Ministry
of Industry and Information Technology released the first official document about the
development of blockchain technology: ‘“White Paper on the Development of China’s
Blockchain Technology and Applications (2016)’. Therefore, we only took the data from
2017 to 2021 for the random-effects Tobit regression analysis. The results are shown in
Table 10.
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Table 10. Regression results of the Tobit model.

Variable Value
. 0.0577398 ***
1 (2.69)
. 0.0003761 ***
2 (2.63)
. 0.0104702 **
E (2.55)
N 0.0002871
4 (0.08)
. 0.3145285 **
5 (2.35)
cons 1.830676 ***
- (4.99)

N 155
Waldchi2(5) 23.85
Prob > chi? 0.0001

Log-likelihood 111.54339

Note: Values in brackets in the table are standard errors. *, **, and *** are significant at 10%, 5%, and 1%,
respectively.

3.5. Robustness Test

To test the robustness of the Tobit regression model created, this test used the scale
efficiency value (SE) instead of administrative efficiency (y) as a new dependent variable
and established the following Tobit model for regression analysis:

SEj; = Bo + B1x1,it + Paxoir + B3X3it + PaXai + P5Xs it + Hir (6)

SE is the scale efficiency of DEA in the third stage, and other variables remain un-
changed. The results are shown in Table 11.

Table 11. Robustness test regression results.

Variable Value
. 0.0190841 ***
1 (2.84)
. 0.000353 ***
2 (2.67)
. 0.0149654 **
E (2.53)
. 0.0009253
4 (0.17)
. 0.0882341 **
5 (2.09)
cons 1.56373 ***
- (5.82)

N 155
Waldchi2(5) 14.16
Prob > chi? 0.0146

Log-likelihood 78.371058

Note: Values in brackets in the table are standard errors. *, **, and *** are significant at 10%, 5%, and 1%,
respectively.
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It can be seen that the regression results of the respective variables are in the same
direction as the coefficients of the original model. Although the significance levels of some
of the variables have decreased, the results show that the significance levels of most of
the variables are still around 1% or 5%. This indicates that the test results are stable, and
the constructed Tobit model is relatively robust and can explain the natural government
administration phenomenon to a certain extent.

4. Conclusions

In fact, the government, in the process of governing each subject and its external
environment and specific operational processes, constitutes a large and complex adaptive
system (CAS). It is inevitable that the government will pay attention to the frequent changes
and development of the external environment, such as the economy and technology, in
promoting the improvement of administrative efficiency. Therefore, we believe that the
evaluation of administrative efficiency cannot be limited to separate blockchain factors;
economic, demographic, and other factors closely related to the evaluation of the sustainable
development of administrative science and management should also be taken into account.

In this process, the authors centered on the fundamental goal of sustainable develop-
ment, based on the MWS system; constructed an effective evaluation model of adminis-
trative efficiency through the Delphi method and the DEA method; and concluded that
the administrative efficiency of the local government is significantly affected by external
environmental factors such as the population size and the economic level, and there is still
a lot of room for improvement.

In addition, in the process of targeted system analysis, the authors refined the common
factors found in the literature, and the study concluded that:

Firstly, most independent variables are significant results in the time range of 2017-2021.
Among them, blockchain research investment and blockchain research output are positively
correlated with administrative efficiency at the significance level of 1%, which indicates
that research on blockchain technology can encourage the government to improve its
administrative efficiency continuously. Therefore, null hypothesis H1 and null hypothesis
H2 are valid.

Secondly, the number of blockchain policies positively correlates with administrative
efficiency at the significance level of 5%. It can be seen that the number of blockchains
represents the government’s attachment of importance to blockchain and also promotes
the application of blockchain in government affairs, thereby improving the government’s
administrative efficiency from top to bottom. Therefore, the original hypothesis H3 is valid.

Thirdly, the number of procurements for blockchain government projects cannot
pass the significance test, which proves that when there are more procurements there
are for blockchain government projects, there will be a corresponding improvement in
administrative efficiency. This shows that the variable has a certain degree of persuasion,
but the influence is not apparent enough, and the effect is not comprehensive. Perhaps
the reasons are as follows: Most of the procurement projects on the Chinese government
procurement website concerning the application of blockchain are from scientific research
institutes and universities and are not directly applied to government affairs, and less data
may affect the construction of the model. In addition, implementing a project often takes
several years, and the results presented by the data have a lag.

Lastly, population size is positively correlated with administrative efficiency at the
1% significance level, which shows that an increase in population size can somewhat
enhance administrative efficiency. It is assumed that this is because places with large pop-
ulations have higher requirements for government administrative efficiency. In addition,
with the deepening of urbanization, human capital, education, science and technology,
public services, and other resource elements being concentrated in cities, this generates
a spatial aggregation effect, thus promoting local economic development and affecting
administrative efficiency.
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To verify the reliability of the results, we employed a robustness test, which demon-
strated that the results were reliable.

Based on the above conclusions, the Chinese government needs to accelerate special
investment in blockchain, promote the transformation of the results, and finalize the laws
and regulations in order to advance the application of blockchain in government affairs
and promote sustainable development.

5. Discussion
5.1. Academic Implications

This paper improves existing research from an innovation perspective and expands
and enriches the existing theoretical framework.

Firstly, it improves the relevant research on government administrative efficiency. As
of 1 April 2023, a search through the topic of ‘blockchain and administrative efficiency’
in China showed only a few pieces of research, indicating that there is still a great lack
of research on this issue in Chinese academia. The exploration of administration based
on the application of blockchain technology is conducive to breaking the unidirectional
and one-dimensional thinking framework of traditional administration. It provides a new
direction for the government to improve administrative efficiency.

Secondly, it expands the scope of research on the application of blockchain technology.
While enjoying the tangible economic benefits brought about by blockchain technology, we
should learn to accept the exploration and attempts of blockchain technology in different
application scenarios with an open attitude and introduce blockchain as an essential tech-
nological means into the scope of government governance. This is a breakthrough direction
for the transformation and optimization of government governance in the future, which
will enhance the strong vitality of ‘blockchain+” and is conducive to further elucidating
and expanding the scope of application research on blockchain technology.

Thirdly, it promotes the integration of disciplines. This paper adopts qualitative and
quantitative analyses to cross-fertilize the disciplines of economics, management, statistics,
and computer science, providing a new reference for research in this field.

5.2. Managerial Implications

From the empirical results and analyses, China’s current provincial administration
may have the following problems:

Firstly, special measures are taken to improve administrative efficiency. Blockchain
technology, as a new star in the field of information technology, has been gradually recog-
nized and valued by the government, Internet giants, international financial institutions,
and other people from all walks of life. In recent years, the Chinese government has vigor-
ously promoted the integration and sharing of government information systems and has
endeavored to define and clarify the responsibilities, rights, and benefits of data sharing.

According to reports, the governmental blockchain that has already landed or is in
the process of landing covers a wide range of fields such as digital identity, electronic
depository, electronic bills, property rights registration, business registration, data sharing,
public supervision, administrative approval, and so on. Thus, it seems that blockchain
further promotes the in-depth integration of the Internet and government affairs and offers
a new solution to improve administrative efficiency further.

Secondly, blockchain, as a practical technology in the information age, has ‘great
potential” in government governance. Studying the advantages and disadvantages of the
‘blockchain and government’ service model is conducive to providing practical insights for
other provinces and cities that have not yet used blockchain technology. The quantitative
research in this paper clarifies the role of blockchain, which can help promote government
administrative efficiency and thus enhance government governance.

5.3. Limitations

The limitations of this study are as follows:
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Firstly, the research in this paper is overly reliant on quantitative data.

For example, the design and selection of the administrative efficiency evaluation indi-
cators relied on expert opinion, which may be subject to error. In addition, administrative
efficiency is a restricted variable with a value range of 0-1, and it might have been better
for the significance test if it could have been further measured using the super-efficiency
model. Last but not least, much of the data about blockchain is missing until 2017 due to
constraints in research capacity and many influencing factors. At the time of the statistics,
the data for 2022 were not yet available, meaning that the data used are not very current.

Secondly, there are various shortcomings in the blockchain itself, causing the government
not to be able to apply it well, which in turn affects the accuracy of the empirical evidence.

For example, blockchain technology can be complex and challenging for some dias-
poric citizens who may not have a technical background [39]. In addition, Internet access
may be unreliable or limited in certain parts of the world. This could impede the adoption
of blockchain [40]. Moreover, blockchain technology’s legal and regulatory framework
varies widely across different countries and regions. This variability could create adoption
barriers for diasporic citizens dispersed across multiple jurisdictions, particularly con-
cerning GDPR compliance [41]. Finally, blockchain technology also has problems such as
difficulty deleting data and traceability. These problems may cause governments to be
more cautious in handling data and even affect efficiency. Protecting privacy under these
problems has become a problematic issue in the development of blockchain technology. It
is not a panacea for all privacy [42].

5.4. Opportunities for Further Research

Therefore, the direction of future research can be considered from the following aspects:

Firstly, when selecting administrative efficiency evaluation indexes, we should con-
sider multidimensional data as much as possible and include 2022 data to ensure the
reliability and completeness of the data. In addition, for provinces and municipalities with
efficiency values of 1, we can use the super-efficiency model for further calculations to
improve the significance of the results.

Secondly, the three-stage DEA model with SFA regression can effectively eliminate
the bias caused by environmental variables compared with the traditional DEA model.
However, the average efficiency of the third-stage DEA in this paper is not much higher
than that of the first-stage DEA. We will try to change the environmental variables to test
the effect in the future.

Finally, more accurately locating the different stages of government blockchain de-
velopment and determining the quantitative indicators of blockchain application based
on the characteristics of varying development stages will become the focus of research.
Currently, there is a lack of unified quantitative indicators for blockchain application in
academia, which will significantly impact the research conclusions. Therefore, accurately
quantifying blockchain application indicators will be of great significance to blockchain
research. In the future, we will try to replace different blockchain variables to test their
impact on administrative efficiency.
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