Journal of Southeast University ( English Edition)

Vol. 40, No. 3, pp. 319 —326

Sept. 2024  ISSN 1003—7985

Dynamic evaluation of digital and green development policies
based on text mining of the PMC framework

Ye Chunmei

Wu Lihua

(School of Economics and Management, Southeast University, Nanjing 211189, China)

Abstract: Aiming to identify policy topics and their
evolutionary logic that enhance the digital and green
development (dual development) of traditional manufacturing
enterprises, address weaknesses in current policies, and
provide resources for refining dual development policies, a
total of 15 954 dual development-related policies issued by
national and various departmental authorities in China from
January 2000 to August 2023 were analyzed. Based on topic
modeling techniques and the policy modeling consistency
(PMC) framework, the evolution of policy topics was
visualized, and a dynamic assessment of the policies was
conducted. The results show that the digital and green
development policy framework is progressively refined, and
the governance philosophy shifts from a “ regulatory
government” paradigm to a ‘“service-oriented government”.
The support pattern evolves from “dispersed matching” to
“integrated symbiosis”. However, there are still significant
deficiencies in departmental cooperation, balanced measures,
coordinated links, and multi-stakeholder participation. Future
policy improvements should, therefore,
multi-stakeholder participation, enhancing public demand
orientation, and addressing the entire value chain. These steps
aim to create an open and shared digital industry ecosystem to
promote the coordinated dual development of traditional
manufacturing enterprises.
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focus on guiding

igital and green development have emerged as the
tho prominent trends as part of the contemporary
global economic landscape'"
as fundamental avenues for upgrading and transforming
China’s manufacturing industries. The application of
open, shared, and inclusive digital technology can pro-
vide invaluable assistance to traditional manufacturing en-

. These elements also serve

Received 2023-12-12, Revised 2024-05-14.

Biographies: Ye Chunmei (1996—), female, Ph. D. candidate; Wu
Lihua (corresponding author), female, doctor, professor, wulihual46
@ 126. com.

Foundation items: The National Natural Science Foundation of China
(No. 71973023, 42277493).

Citation: Ye Chunmei, Wu Lihua. Dynamic evaluation of digital and
green development policies based on text mining of the PMC framework
[J]. Journal of Southeast University ( English Edition), 2024, 40(3):319
—326. DOL: 10. 3969/j. issn. 1003 —-7985.2024.03.012.

terprises, enabling them to overcome the financial and
technological obstacles they encounter on their path to-

1 The concept of digital and

ward green development
green synergistic development (i.e., dual development)
has emerged as an indispensable pathway for manufactur-
ing enterprises to address their developmental bottlenecks
and cultivate sustainable competitive advantage” ™. De-
veloped countries have implemented a range of policies
aimed at expediting the process of both digital and green
development. For instance, the EU has issued the Euro-
pean Industrial Strategy, the UK has implemented the
Digital Development Strategy and the Industrial Decar-
bonisation Strategy, and the United States has unveiled
the National Smart Manufacturing Strategic Plan, acceler-
ating dual development by promoting the open sharing of
data, the integration of digital and green technology, and
increasing investment in innovation.

Existing policy evaluations tend to discuss the content
or structure of policies from a macro perspective” ™,
thereby overlooking the changing characteristics of the ac-
tual targets of these policies. The effectiveness of policies
in promoting the dual development of enterprises is then
reflected in different links of the value chain. The value
chain of manufacturing enterprises involves product devel-
opment, material input, production processes, supply
chain management and marketing management'”’. There-
fore, in light of the characteristics of the dual develop-
ment of manufacturing enterprises, this paper constructs a
policy analysis framework: policy support—external stim-
ulation—value chain links—enterprise capability—inter-
nal selection, which addresses the external and internal
factors of enterprises to clarify the logic behind policy de-
sign and identify weaknesses in current policies.

1 Research Design

The policies that facilitate the dual development of tra-
ditional manufacturing enterprises make up a complex,
multi-faceted, multi-layered,
Drawing on the relevant literature and current develop-
ments, the study constructs an enhanced policy modeling
consistency (PMC) multidimensional analysis framework,
which has been augmented by the integration of the
Top2Vec topic modeling method™ .
facilitated a dynamic evaluation of 15 954 dual develop-
ment-related policy texts produced at the central level in

and multi-level system.

This integration has
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China. The overall research approach is illustrated in Fig. 1.
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Fig.1 Research approach

The PMC index model formulates multiple indicators to
measure consistency in the policy-making process'’.
Typically, it is made up of 9-12 primary variables and
numerous sub-variables''”’. This study identifies 9 main
dimensional variables and 47 sub-dimensional variables.
The external attributes of the policy include the issuing

subjects ( X1), policy nature ( X2), effectiveness level
(X3), policy fields (X4), policy instruments ( X5), pol-
icy measures ( X6), policy timeliness ( X8), and policy
participants ( X9). Of these, policy nature describes
whether the policy contains prediction,
back, guidance, supervision, and suggestions

support, feed-
U721 The
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secondary variables of the effectiveness level include
laws, administrative regulations, departmental regula-
tions, normative documents, and planning documents.
Policy fields reflect whether the policy pertains to eco-
nomic, social, or environmental aspects'”’. Policy in-
struments are then categorized as supply-side, demand-
side, and environmental'"'. Policy measures are specific
policy measures, involving science and technology inno-
vation, talent policy, financial policy, infrastructure, in-
formation support, consumer subsidies, product stand-
ards, government procurement, trade control and indus-
trial ecology'”'. Policy participants include the govern-
ment, the enterprises, the public and the research institu-

. 16
tions'"®

The internal attributes of the policy include
function links ( X7), and the secondary variables of this

dimension include five value chain links.
2 Policy Sample Determination

1) Data collection. We used a Python web crawler
code to obtain policy texts. This collection excluded those
local policies issued by provincial and municipal govern-
ments and ranged from January 1, 2000, to August 1,
2023.

2) Data processing. This involved three steps: i) text
segmentation, ii) data cleaning, and iii) normalization.
Following an extensive processing period, a total of 580
policy topics were extracted, each accompanied by 50
keywords.

3) Topic modeling. Through the process of summari-
zing topic keywords, abstracting topics, and eliminating
irrelevant topics, 273 topics in total about the dual devel-
opment of traditional manufacturing enterprises were fi-
nally chosen.

4) Reverse traceability. The search_document_by_top-
ic function of Top2Vec was employed to trace pertinent
policy documents following the 273 selected topics. An
extensive database including 15 954 dual development-re-
lated policy texts was established. This paper conducts
secondary, detailed topic modeling on the selected policy
text data to identify the primary characteristics and evolu-
tionary patterns of policies across the various dimensions
in each stage.

3 Dynamic Evaluation of Policies Based on the
Topic Mining

3.1 Policy-mining dictionary based on the PMC

framework

Before the analysis of policy evolution, a policy-min-
ing dictionary based on the PMC framework was estab-
lished in this study following a series of steps.

1) Preprocessing. Policy texts (totaling 15 954) were
subject to word segmentation, data cleaning,
structuring procedures.

2) Top2Vec topic mining. The Top2Vec topic model-

and text

ing technique was employed to generate salient document-
topic-keyword distribution matrices for each phase.

3) Human interpretation. The phase of human interpre-
tation involved understanding and analyzing keywords
based on specialized knowledge. The specific process en-
tailed identifying keyword sets associated with each topic
and subsequently summarizing the policy topic descriptor
words corresponding to these sets. Finally, the topic de-
scriptor words were categorized into the different dimen-
sions of the PMC framework.

4) A policy topic dictionary was established following
the consolidation of keywords for consistently classified
topics. All topics and keywords corresponding to dimen-
sions in the PMC framework were obtained to form a
“PMC framework-dimension-topic-keywords” dictionary,
specifically in the field of the dual development of tradi-
tional manufacturing enterprises.

3.2 Cooperation of issuing subjects

To analyze the collaborative dynamics between policy-
issuing entities,
proach. We constructed a co-word matrix and imported it
into Gephi, which facilitated the creation of a network
graph. Fig. 2 provides a graphical representation of col-
laborative policy issuance among the 70 entities, exclu-
ding the National People’s Congress and the State Coun-
cil. The links in the figure indicate the number of policies
jointly issued between connected departments. Notably,

we employed a network analysis ap-

larger nodes in the graph signify greater centrality in a de-
partment and a closer collaborative relationship with other
departments. The network graph reveals a strong connec-
tion between entities such as the National Development and
Reform Commission, the Ministry of Industry and Infor-
mation Technology, the Ministry of Science and Technolo-
gy, and the Ministry of Finance. This interconnectedness
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Fig.2 Policy intergovernmental network diagram
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reflects the government’s concerted efforts to leverage the
unique strengths of different departments and sectors to
promote the dual development of traditional manufactur-
ing enterprises.

3.3 Policy topics evolution process

This study employs a Sankey plot to demonstrate visu-
ally the dynamic evolution of policies that facilitate the
dual development of traditional manufacturing enterprises
(see Fig. 3). This plot allows for an integrated analysis of
the policy content issued in each phase to explore the log-
ical progression of topics in these policies. The character-
istics of the initial stage (2000—2005) are total pollution
control and information construction, with supervision,
supply-side policies, infrastructure and trade control iden-
tified in the Sankey plot. In the secondary stage (2006—

2010), China promoted a circular economy, and the in-
frastructure and production technology dimensions in the
Sankey plot gradually garnered increased attention. The
dimensions of support, supply-side policies, and environ-
mental-side policies experienced a significant increment
during the exploration stage (2011—2015), signifying
China’s comprehensive use of policy instruments to sup-
port the dual development of enterprises. The proportion
of the ecological aspect, the industrial ecology, and the
public dimension was gradually enhanced during the rapid
development stage (2016—2020), which indicated that
the attention from the public on the ecological environ-
ment may play a vital role in this process, and the scope
of these policies gradually expanded, accompanied by a
more diverse array of measures and modes of governance.
At the deepening stage (2021—2023), emphasis was placed
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on pilot initiatives and industrial ecosystems.
4 PMC Visualization Analysis

To explicate the specific types of policy support for the
dual development of traditional manufacturing enterprises
in China and identify potential shortcomings in existing
policies, this paper employs the PMC policy evaluation
model proposed by Estrada'”. In addition, the paper in-
corporates the topic of the previous mining-based PMC
framework dictionary to calculate the PMC index for dif-
ferent stages. This quantitative evaluation approach there-
by enables a comprehensive assessment of policy texts.

4.1 PMC index analysis

In this paper, values are assigned to all sub-dimension-
al variables based on the results of the topic modeling
process. After analyzing the evolving patterns of PMC in-
dices across the various stages (see Fig.4), it is obvious
that the policy framework supporting the concurrent
growth of traditional manufacturing enterprises is under-
going a process of deepening and enhancement. The in-
creasing scores in dimensions X2, X6, and X7 in the
PMC framework indicate that the policy formulation
process has progressed in terms of its underlying princi-

(e)
0 0-0.10; ©0.10-0.20; © 0.20-0.30; = 0.30-0.40; = 0.40-0.50; = 0.50-0.60;

ples, has become more complex in its measures, and has
grown more focused in its implementation. The fluctua-
tions in scores for X1 and X9 shown in the figure suggest
a tendency toward collaborative governance in policies
that promote the dual development of traditional manufac-
turing enterprises.
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Fig.4 Bubble chart of the PMC index

The PMC surface plot offers a visualization of the in-
ternal equilibrium of the policy at each phase, and the
overall and phases PMC surface plots are shown in Fig. 5.
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Fig.5 Overall and phases PMC surface plots. (a) Overall average PMC index surface plot; (b) 2000—2005 PMC index surface plot; (c) 2006—
2010 PMC index surface plot; (d) 2011—2015 PMC index surface plot; (e) 2016—2020 PMC index surface plot; (f) 2021—2023 PMC index surface plot
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At the initial stage, the scores of all PMC main dimen-
sions were under 0. 33, indicating that China’s dual de-
velopment policies were not mature in this stage ( see
Fig.5(b)). At the secondary stage, the degree of con-
vexity of the PMC surface is the most obvious ( see Fig.
5(c)), and the highest point is the policy instruments
dimension with a PMC score of 0. 96, which indicates
that the Chinese government had realized the importance
of employing different types of policy instruments to
solve various problems of the manufacturing enterprises.
At the exploration stage ( see Fig. 5(d)), the PMC score
of the policy nature dimension has increased, suggesting
that China has used policy types to enhance the dual de-
velopment of enterprises. In the later stages ( see Figs. 5
(e), (f)), the PMC surface tends to smooth out, and
other dimensions have gradually developed and improved
in terms of policy measures, policy fields, policy partic-
ipants, etc.

4.2 PMC index radar graph
The PMC index analysis quantifies the dimensions of

@B 2000—2005; 2006—2010;

2011—2015; @@ 2016—2020;

X6 and X7 and produces a radar graph illustrating the
PMC index of policy measures ( X6) and function links
(X7).
4.2.1

As illustrated in the radar graph representing the poli-
cy measures dimension ( see Fig. 6), as the dual devel-
opment phase progresses, new paradigms of policy
support begin to emerge, namely, information support

Policy measures dimension

and industrial ecology. Green data centers and industry
development platforms, harnessing technologies such
as the Internet of Things and big data, in addition to
information service platforms, are established to pro-
vide businesses with essential information support.
These initiatives cultivate an industrial ecosystem where
participants pool resources,
create value collaboratively. The relatively modest in-
dices for consumer subsidies and government procure-
ment indicate that the demand-side efforts were not
enough.

exchange services, and

2021—2023

X6.1 Science and technology innovation

X6.2 Talent policy

X6.3 Financial policy

X6.4 Infrastructure policy o

X6.5 Information support

X6.10 Industrial ecology

X6.9 Trade control

X6.8 Government procurement

X6.7 Product standard
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Fig.6 Radar graph of the PMC index of policy measures (X6) dimension

4.2.2 Policy function dimension

The digital and green development of traditional manu-
facturing enterprises involves strategic changes and ad-
vancements along the entire value chain. It transcends
isolated stage enhancements or individual processes, in-
stead entailing a comprehensive transformation that covers
the entire lifespan of the enterprise. Fig. 7 is a radar
graph representing the policy function dimension, where
material inputs and production processes stand out as cru-
cial focal points supported by policy measures. The de-

velopment of greener material input relies primarily on the
advancement of efficient electric heating technologies, the
promotion of renewable energy sources, and the recycling
of waste materials. To promote a clean and digital evolu-
tion of the production process, measures such as the es-
tablishment of intelligent green factories, research institu-
tions, and digital infrastructure are employed. However,
the PMC indices for links such as product development,
supply chain, and marketing management show somewhat
unfavorable performance.
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2021—2023

X7.1 Product development
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X7.3 Production process

X7.5 Marketing management
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Fig.7 Radar graph of the PMC index of function links (X7) dimension

5 Results Analysis

The policy governance philosophy has transitioned from
a “regulatory government” paradigm to one of a “service-
oriented government”. Frequent environmental incidents
in the early stages compelled the government to imple-
ment command-type policies to regulate corporate con-
duct, and policy formulation followed a top-down ap-
proach. The response of enterprises to these policies in-
fluenced the evolution of the policy philosophy. With the
emergence of digital technology, offering new opportuni-
ties for green development, enterprises shifted from being
passive recipients of administrative directives to active
agents in policy implementation.

The evolution of the policy support pattern has shifted
from “dispersed matching” to “integrated symbiosis”.
Under the traditional support pattern, enterprises encoun-
tered limitations in their dual development efforts due to
their dependence on existing resources. With the advent
of digital technology, the transition from physical to vir-
tual resource aggregation became possible. The govern-
ment responded by introducing measures to promote the
integration of resources from diverse sources, levels, and
content.

6 Conclusions

1) Concerning the issuing subjects of policies, there re-
mains room for improvement in coordination between
them. The government can enhance cooperation between
departments, overseeing both enterprise development and
those responsible for key administrative and economic re-
sources. In addition, comprehensive coordination should
be established between departments involved in digital de-

velopment and those involved in green development, in-
volving direction, scope, and focus to enhance the inte-
gration of dual development.

2) Concerning policy measures, the predominant focus
is on the supply and environmental aspects, with limited
attention being given to demand-side measures. As for
the green development of enterprises, the government
could stimulate market demand through green product
standards and green purchasing policies to enhance the
market returns and strengthen the motivation for the green
development of enterprises. As for digital development,
the government could establish an ever-connected digi-
tized network to better address the needs of enterprises.

3) Concerning policy participants, the government can
direct its attention toward the practical requirements of
manufacturing enterprises. For digital development, the
government can foster digital service providers to increase
the probability of successful digital transformation. For
green development, efforts should be undertaken to prop-
agate the principle of green consumption throughout soci-
ety.

4) Concerning policy function links, current policies
are inadequate in supporting product development, supply
chain management, and marketing management. The
government could establish a comprehensive cloud plat-
form that spans the entire value chain, integrating demand
signals from various enterprise stages and aligning exter-
nal resource support with enterprise needs more effective-

ly.
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