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Abstract. Currently, science and technology are changing rapidly, digitalization
and intelligence are developing deeply, profoundly affecting economic develop-
ment trends and social operation laws, and the digital era is coming. Governments
around China are in full swing in the process of digital transformation of govern-
ment. However, few studies have been conducted to evaluate the results of digital
transformation of local governments. In order to solve the above problems and
gain practical insights about the digital transformation of governments, this paper
firstly constructs a government digital transformation evaluation system contain-
ing six evaluation indicators. Second, this paper uses a clustering algorithm called
K-Means++ to evaluate the digital transformation outcomes of 31 provincial local
governments in China. Based on the panel data obtained in 2020, we find that the
optimal number of clusters is 4 (the silhouette coefficient is 0.372). This results in
four levels of government digital transformation evaluation: high, medium-high,
medium-low, and low. The results of this paper provide meaningful theoretical
insights for local governments at all levels to enact digital transformation policies
and develop relevant government strategies.
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1 Introduction

At present, science and technology are changing rapidly, and digitalization and intel-
ligence are developing deeply, profoundly affecting economic development trends and
social operation laws, and the digital era is coming (Agarwal et al. 2010). The 2020
United Nations E-Government Survey Report shows that the pace of digital transforma-
tion of governments is accelerating globally. Countries around the world are competing
to develop digital transformation strategies, and government digital transformation is
gaining widespread attention (Gil-Garcia et al. 2018, Hinings et al. 2018). Government
digital transformation is a systematic, collaborative and leading the reform of ideological
innovation, business process innovation, organisational innovation and information tech-
nology innovation (Janowski et al. 2015). The digital transformation of the government is
to carry out the creative digital transformation of the entire government operation model,
focusing on business synergy, data integration and technology intensification, promoting
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the digitisation of government work processes and work results, and then changing gov-
ernment operation processes, governance methods and even organisational structures
(Klievink et al. 2009, Kretschmer 2020, Majchrzak et al. 2016).

In recent years, the Chinese government has taken the construction of a smart city as
an opportunity to promote innovation in the public service model, break down barriers
between organisations, platforms and data, promote inter-departmental, cross-system
and cross-discipline collaboration in government affairs, and launch the “GOV.MO
Account (unified public services for every household)” to continuously improve admin-
istrative management methods (Matt et al. 2015, Mergel et al. 2019). And make govern-
ment decision-making more scientific, supervision more appropriate and services better.
However, there are still some practical problems such as insufficient collaboration among
government departments, insufficient data interconnection and interoperability, delayed
reengineering of digital processes in government affairs, hidden dangers of digital secu-
rity and cyber security, etc. (Pittaway andMontazemi 2020, Tangi et al. 2021, Vial 2019).
It is crucial to figure out how to further strengthen the construction of digital society
and digital government and enhance the digital intelligence of public services and social
governance?

Therefore, this paper adopts a cluster analysis method to evaluate the digital transfor-
mation achievements of 31 provincial governments in China, which provides instructive
and practical solutions for China’s digital transformation and also provides useful the-
oretical exploration for the top-level design and implementation of digital government
strategies.

The reset of this paper is organized as follows: Sect. 2 provides a detailed discussion
of the methodology of this paper. The obtained results are discussed in Sect. 3. Finally,
Sect. 4 summarizes the full paper and suggests future research directions.

2 Methods and Materials

2.1 Digital Transformation Indicators

In order to better evaluate the digital transformation achievements of the Chinese gov-
ernment, this paper selects the latest relevant data of 31 Chinese provinces in 2020 from
sources such as the Statistical Yearbook, the White Paper on China’s Digital Govern-
ment Development, and the White Paper on China’s Digital Government Construction,
as shown in Table 1.
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Table 1. Indicators of digital transformation

Indicator Symbols

Regional Gross Domestic Product x1

Disposable income per capita x2

Digital Economy Development x3

Digital Government Construction x4

Digital Government Development x5

Administrative Service Capability x6

Table 2. Statistical description of the research data

Mean Std Min Max

x1 32578.63 26657.79 1902.70 11115160

x2 32100.48 12656.40 20335.00 72232.00

x3 29.62 13.34 8.00 65.30

x4 66.36 82.15 22.90 504.00

x5 57.42 10.63 39.60 76.70

x6 85.60 5.86 73.15 95.38

A statistical description of the data used in this paper is presented in Table 2. Obvi-
ously, the data obtained in this paper have a large discrepancy. In order to obtain more
reasonable results, later we will first pre-process the data in order to normalize them to
[0,1], as shown in Eq. (1).

x
′
ij = max{xij, ..., xnj}

max{xij, ..., xnj} − min{xij, ..., xnj} , (1)

where xij represents the value of the j-th indictors of the i-th sample.
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2.2 Clustering

2.2.1 K-Means Algorithm

K-means is an efficient clustering algorithm that is widely used in many research areas
(Rezaee 2021). Its main idea can be expressed as follows:

Step-1: Set the number of clusters (K).
Step-2: K initial clustering centres are randomly generated.
Step-3: Each data object is assigned to the cluster with the highest similarity.
Step-4: Find the reasonable cluster centres by iteration.
Step-5: Form clusters around the clustering centres.
The algorithm has the advantages of easy understanding, simple implementation,

fast convergence, and good adaptability to sparse matrix data. However, a well-known
drawback of this method is the random selection of initial clustering centres. This can
easily lead to multiple initial clustering centres in the same category, especially when
the data is complex. In addition, this initial point selection makes it difficult to find the
globally optimal cluster centres as well. This causes the algorithm to easily converge to
a local optimum, resulting in unsatisfactory clustering results.

2.2.2 K-Means++ Algorithm

To overcome the above-mentioned drawbacks of the K-Means algorithm, the researchers
further proposed an improved method called the K-Means++ algorithm (Wu 2021).

Compared with the traditional K-Means method, the K-Means++ method makes the
distance between the initial clustering centres as large as possible to achieve the globally
optimal clustering result. Its optimization strategy for the initial clustering centres is
simple. In the first step, a data object is randomly selected from the dataset as the first
clustering centre C1. The second step is to select the initial clustering centres according
to the probability formula until the initial clustering centres are obtained. The flow chart
of the K-Means++ algorithm is shown as Algorithm 1.

2.2.3 Optimal K Value

In the K-Means++ algorithm, the number of clusters (i.e., K) is a hyperparameter that
needs to be set in advance, and the size of this parameter greatly affects the clustering
performance. Therefore, before applying the K-Means++ algorithm to the data in this
paper, we need to choose the optimal K value. A common method is the silhouette
coefficient method (Xin 2021). For sample i, its silhouette s(i) is obtained as:

s(i) = b(i) − a(i)

max{a(i), b(i)} , (2)
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where a(i) is the distance between sample i and other samples in the cluster, and b(i)
is the average distance between sample i and the samples in the nearest cluster. By
averaging the silhouette of all samples in the data set, the silhouette coefficient is shown
in Eq. (3):

s =
∑N

i=1s(i)

N
(3)

whereN is the total number of samples in the dataset. The closer the silhouette coefficient
is to 1, the better the clustering effect is; the closer it is to -1, the worse the clustering
effect is.

Further, this paper utilizes the Euclidean distance as a measure of sample similarity,
which is expressed as shown below:

d(x, y) =
√

∑n

i=1
(xi − yi)2 (4)

where d(x, y) is the similarity of sample x and sample y, xi and yi is the vector of sample
x and sample y, respectively.

3 Results and Discussions

3.1 Pre-processing

Since the distance formula used is more sensitive to the order of magnitude between
the sample data. Therefore, in this paper, the samples were normalized by the method
mentioned above before embarking on further research. Table 3 shows the results of the
statistical description of the sample after normalization.

Table 3. Statistical description of the pre-processed data

Mean Std Min Median Max

x1 0.28 0.24 0.00 0.21 1.00

x2 0.23 0.24 0.00 0.15 1.00

x3 0.38 0.23 0.00 0.32 1.00

x4 0.09 0.17 0.00 0.06 1.00

x5 0.48 0.29 0.00 0.51 1.00

x6 0.56 0.26 0.00 0.54 1.00
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Algorithm 1: K-Means++

Input: K, dataset

Output: center, indicator

Function CLUSTERING

  center = null

  indictor = null

  m = the number of data samples in the dataset

  for i=0 → k do

   if i == 0 then

      temp =random(m)

      center[i]=dataset[temp]

   else

   for j=0 → m do

      for h=0 → i do

        distances[j][h]=cosine distance of the dataset[j] 
and center[h]

        end for

      end for

    Min[j]=min(distance[j]) 

    Sum+=Min[j] 

    Random_number=random (Sum)

    for j=0 → m do

      Random_number=Random_number-Min[j] 

      if Random_number<0 then

        cluster[i]=dataset[j]

      end if

    end for

    Proceed as with the standard K-Means algorithm

end if

end for

return center, indictors

end function
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Fig. 1. Clusters.

3.2 Optimal K Value via Silhouette Coefficient

After completing the normalized evaluation of the samples, we further select the optimal
number of clusters (i.e., K) using a method based on the contour coefficients. Specifying
that K belongs to a positive integer between [2,10], we obtain the silhouette coefficient
results as shown in Fig. 1.

From Fig. 1, we can clearly see that the contour coefficient keeps rising when K
is taken between [2,4], indicating that the clustering effect becomes gradually better at
this time. And when the contour coefficient is greater than 4, the silhouette coefficient
gradually decreases, indicating that the clustering effect decreases at this time instead.
When K = 4, the silhouette coefficient reaches the highest value (i.e., 0.372). This
indicates that the 4 clusters are the most compatible in the research scenario of this
paper. Therefore, in the later analysis, we set the number of clusters to 4.

3.3 Clustering Based on K-Means++

Through the above analysis, we know that the optimal clustering effect can be achieved
when the number of clusters is 5. Therefore, in this paper, we set the number of clusters
to 5 for the evaluation of government digital transformation. The clustering results we
obtained are further shown in Table 4.

As can be seen in Table 4, cluster 2 has the highest number of provinces (13) and
cluster 4 has the lowest number of provinces (1). In addition, cluster 1 has the highest
government service capacity (i.e., x6) with a performance of 0.96, which is much higher
than the other clusters. Cluster 2 has a more average performance in all aspects. Cluster
3 has better digital government transformation results, performing better in both x5 and
x6.

Therefore, we can denote them as High, Medium-High, Medium-Low, and Low
government digital transformation, respectively, based on the clustering results. We
further expressed the above results in Table 5.
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Table 4. Clustering results

Cluster 1 Cluster 2 Cluster 3 Cluster 4

x1 0.63 0.13 0.29 0.38

x2 0.68 0.10 0.18 0.15

x3 0.80 0.20 0.39 0.43

x4 0.10 0.04 0.07 1.00

x5 0.86 0.20 0.62 0.61

x6 0.96 0.35 0.61 0.67

Count 5 13 12 1

Table 5. Government digital transformation evaluation result.

Level Province

High Beijing; Shanghai; Jiangsu; Zhejiang; Guangdong

Medium-High Hubei

Medium-Low Tianjin; Anhui; Fujian; Jiangxi; Shandong; Henan; Hunan; Guangxi; Hainan;
Chongqing; Sichuan; Guizhou

Low Hebei; Shanxi; Inner Mongolia; Liaoning; Jilin; Heilongjiang; Yunnan; Tibet;
Shaanxi; Gansu; Qinghai; Ningxia; Xinjiang

From the results in Table 5, it can be found that most of the provinces with better
economic development get better government digital transformation results (e.g., Bei-
jing, Shanghai, Zhejiang, etc.), which may be due to better fiscal revenues and more
government funds to invest in the digital transformation process.

In contrast, some inland, more economically underdeveloped provinces (e.g., Tibet
and Gansu) fall into the lowest government digital transformation ratings. These
provinces inevitably fall behind in supporting the digital transformation of local govern-
ments because of their inland location, harsher economic development conditions, and
lower local fiscal revenues than coastal provinces.

3.4 Policy Suggestions

Based on the results of our research, we further proposed the following policy
suggestions:

(1) In an effort to improve the results of digital transformation of local governments,
cross-level and cross-departmental collaboration should be strengthened to build a
comprehensive, advanced and reliable digital collaboration and governance system.
It is crucial to strengthen top-level design and overall planning, adhere to the prin-
ciples of system governance, interconnection and collaborative governance, break
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down departmental boundaries, and break the management and service approaches
of different functional departments that operate separately and in isolation. The
government should also open channels for the orderly flow, sharing and exchange,
and secure application of data between government departments. It is necessary
to deepen government business applications, incorporate the processes of govern-
ment decision support, economic regulation, statistical analysis, official document
flow, command and dispatch, and information disclosure into the digital track,
and steadily improve the level of online, mobile, visualization and integration of
government operations.

(2) Accelerate the integration of network, data and services, and build a “digital network
cloud” integrated government service platform system is imminent. The govern-
ment should adhere to system integration, coordination and efficiency, accelerate
the migration of various government information systems to the cloud, and achieve
cloud coverage of all application system deployment and data storage. We should
pay attention to the needs of enterprises and residents as the guide, and constantly
upgrade and build the “Government Affairs” APP, which brings together all the
approval matters. Household” APP to centralize all approval services, public ser-
vices and related social services to create a one-stop digital public service “master
portal” for enterprises and residents.

(3) Local governments at all levels should strengthen the application of economic and
social governance system and build a multi-level and systematic digital application
and supervision system. Focusing on the digital economy, social governance and
public services, it will continuously expand the application of business scenarios,
build a basic mainline application system of digital government, and promote the
joint development of digital economy and digital society. It is of inevitable sig-
nificance for the government to improve laws and regulations on data security,
strengthen security checks on data collection and storage, open sharing, circulation
and transaction, and confirmation of use, and ensure data security. It is necessary
to introduce and implement measures to strengthen the supervision and restraint
on the use of citizens’ privacy for commercial activities, and effectively protect the
rights and interests of citizens’ personal information.

4 Conclustions

At present, science and technology are changing rapidly, digitalization and intelligence
are developing deeply, profoundly affecting the economic development trend and social
operation law, and the digital era is coming. Governments across China are in full
swing with the digital transformation of government. However, there is little research
on the evaluation of the results of digital transformation of local governments. In order
to solve the above problems and gain a practical understanding of government dig-
ital transformation, this paper firstly constructs a government digital transformation
evaluation system (Regional Gross Domestic Product, Disposable income per capita,
Digital Economy Development, Digital Government Construction, Digital Government
Development, Administrative Service Capability) containing six evaluation indicators.

Secondly, this paper evaluates the digital transformation outcomes of 31 provincial
local governments in China using K-Means++ clustering algorithm. Based on the panel
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data obtained in 2020, we find that the optimal number of clusters is 4 (with a silhouette
coefficient of 0.372). This leads to four levels of government digital transformation
evaluation: high, medium-high, medium-low, and low. It shows that Beijing; Shanghai;
Jiangsu; Zhejiang and Guangdong are in the highest digital transformation.

The results of this paper provide meaningful theoretical insights for local gov-
ernments at all levels to enact digital transformation policies and develop relevant
government strategies.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.
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