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Abstract

Environmental transparency issue has drawn increasing concern, and the related research has 
shown explosive growth. A comprehensive knowledge pedigree of environmental transparency can help 
understand the spatial and temporal distribution of themes, research categories, cutting-edge research 
topics and development trends of environmental transparency research, providing research opportunities 
for the future. Based on the: Social Science Citation Index database in the Web of Science, this article 
retrieves 930 papers with the theme of “environment transparency” in all years, and analyzes the its 
knowledge system via the software of CiteSpace. Keywords co-occurrence analysis function is applied 
to identify keywords and their occurrence frequency in environmental transparency literature, and  
a keyword co-occurrence network was generated on the basis of high-frequency keywords to explore 
the knowledge base in the field of environmental transparency research. Then, through co-citation 
analysis and cluster analysis, the high-frequency co-citation literature and four hot research paradigms 
of environmental transparency are identified to present the knowledge domain of its research. Next, the 
paper uses the time zone and strong citation burst analysis to detect the situation where the reference 
volume changed significantly during a certain period of time, in order to discover the decline or rise of 
a key keyword in the beginning, development, and cutting-edge period in environmental transparency 
research field, which contributes to unearth the knowledge evolution path of environmental transparency 
and reveal how researches related to environmental transparency have evolved over time. Finally, 
according to the knowledge base, knowledge domain, and knowledge evolution, a visual knowledge 
graph is constructed to provide a comprehensive review of existing research in the field of environmental 
transparency.
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Introduction

With the increasingly prominent problems of 
resource consumption and serious environmental 
pollution, local governments increase environmental 
transparency (ET) through environmental information 
disclosure to strengthen the supervision and improve 
environmental policies for reducing pollution [1]. 
Accordingly, ET has gradually become one of the 
important indicators for measuring environmental 
responsibility of governments and corporations [2]. In 
order to systematically evaluate the implementation 
of relevant regulations by local governments, Institute 
of Public and Environmental Affairs and The Natural 
Resources Defense Council jointly developed the 
Pollutant Information Transparency Index (PITI) in 
2009, and have evaluated the transparency of pollution 
source regulatory information in 113 cities across 
the country for 9 consecutive years, it is considered a 
good measurement tool to reflect the transparency of 
local governments [3]. Peng et al. [4] found that the 
ET of local governments can mitigate the relationship 
between local governments and local citizens when 
local air quality deteriorates. The requirement of ET 
can also promote corporations to re-understand their 
environmental responsibilities, create a competitive 
atmosphere, strengthen public supervision, and improve 
the efficiency of government law enforcement, which 
will effectively promote energy conservation and even 
economic transformation [5]. Additionally, Simões 
& Marques [6] believed that the sunshine regulation 
required from ET can obviously improve the quality of 
service regulation in the performance of urban waste 
services and enable to encourage the enhancement 
of efficiency and innovation among waste utilities. 
Given the profound roles of ET in both academics 
and practices, it is of great significance to explore the 
knowledge pedigree of ET to better find the internal 
connection between existing research topics and 
contribute to advancing the current knowledge of ET.

While, with increasing attention to ET, more and 
more scholars in different fields have introduced 
various research methods and research tools into the 
research field of ET, making the study of ET have 
interdisciplinary characteristics (e.g. [7, 8]). As a 
result, the research topics related with ET are very 
rich, and research hotspots emerge frequently [9]. As 
the knowledge development is a dynamic process [10], 
it may difficult for readers to grasp the research focus 
and track its developing trends from a large number 
of sources by only depending on non-visualization 
technology [11]. It is necessary to use scientific and 
visual metrology software [12] to provide a knowledge 
pedigree to sketch the research field to help people 
meet the challenges [13]. Hence, the paper tries to 
systematically review the existing research with 
visualization techniques to clarify the current research 
status and the development trend in this field, thus to 
provide directions for future research and practices. 

In traditional systematic reviews, scholars often 
used NoteExpress, Bibexcel and Ucinet as the main 
mining and visualization technologies to construct 
a keyword knowledge map to explore the current 
research status of a certain field, by analyzing the co-
occurrence relationship between keywords. After 
decades of development, this type of research has rich 
theoretical and practical experience (e.g. [12]). With the 
continuous development of scientific metrology tools, 
much new software such as VOSviewer, CoPalRed, and 
CiteSpace have outperformed traditional bibliometric 
tools and gradually become better choices for literature 
review. CiteSpace is a great visualization software 
for existing research literature metrology research. 
It is an exceedingly useful analysis tool, as it has 
more comprehensive functions and is convenient to 
use, compared with other software [10]. Firstly, it is 
diverse, time-sharing as well as dynamic for visualizing 
citations with the development of scientometrics, data 
and information visualization techniques. It is designed 
to analyze the basics contained in scientific literature 
[14]. Moreover, it supports literature co-citation analysis 
and keywords co-occurrence analysis, which can help 
researchers perform quantitative and objective analysis 
of related fields and reveal the quantitative relationship 
between various different studies [15]. Then, through 
the combination of quantification and visualization, 
scholars can find hidden connections and trends in 
related literature. Specifically, it can help people 
understand the spatial and temporal distribution of 
research, current research status, cutting-edge research 
and development trends of research [10] Additionally, it 
should also be emphasized that it cannot only show the 
overall situation of a research field, but also highlight 
some important literature in the development of this 
field [16]. In view of its comprehensive bibliometric 
capabilities and high reliability, it has been widely used 
in recent two years [17]. In the view of the strong and 
comprehensive functions of CiteSpace software, the 
study thus applies it as a bibliometric tool to facilitate a 
comprehensive review of related research in the field of 
ET, to more systematically build a knowledge pedigree 
of ET.

By referring to the work of Shi et al. [10], this paper 
constructs an ET knowledge graph from three aspects: 
ET knowledge base, ET knowledge domain, and ET 
knowledge evolution, in order to find the hot issues in 
the current research, and to guide the research in the 
field of ET in the future. Specifically, this article used the 
keyword co-occurrence analysis to find high-frequency 
keywords in the ET field to build an ET knowledge 
base. High-frequency keywords are the basis for a series 
of research issues such as the spatial and temporal 
distribution of research, current research status, cutting-
edge research, and future development directions (e.g. 
[18]). Then, this article employed literature co-citation 
analysis and cluster analysis of CiteSpace to find out the 
specific distribution of the current research and research 
paradigms of ET to build an ET knowledge domain.  
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It is a visual description of the current research status, 
and elaborates the key research categories that have 
been paid attention to. Exploring the ET knowledge 
domain can help to understand the research experience 
and results of ET, and thus provide reliable support 
for ET knowledge evolution. Finally, according to 
the results of ET knowledge base and ET knowledge 
domain, this article used the time zone map and the 
strong citation burst functions of CiteSpace software to 
construct ET knowledge evolution. The key to this step 
is to identify emerging research terms at each stage. 
Because the visual ET knowledge evolution can enable 
researchers to clearly understand the evolution process 
of ET research hotspots, helping to grasp context and 
provide support for understanding the research frontier. 
Accordingly, the ET knowledge graph designed by 
combining ET knowledge base, ET knowledge domain, 
and ET knowledge evolution is the ET knowledge 
system. It is a summary of the findings in this review. 
The combination of modeling with visualization can not 
only help readers to understand the research results but 
also enable to understand systematical knowledge and 
enrich the knowledge system in the ET field, providing 
theoretical support and practical guidance for future 
research. 

To realize the set targets, the paper is organized as 
follows. It first conducts a conceptual and theoretical 
review, covering the frequently mentioned concepts 
and theories of ET, to lay the groundwork for the 
comprehensive review. Then, the materials and 
main methods in the work is introduced in detail. 
Furthermore, bibliometrics analysis is provided. 
Discussion covers elaboration on ET knowledge base, 
ET knowledge domain, and ET knowledge evolution. 
A visual knowledge graph on ET is constructed as 
a summary of the paper’s findings, which enables 
to present the major concerns and future research 
directions of ET in a holistic manner. Finally, the paper 
draws conclusions and provides some implications for 
future study. 

Conceptual and Theoretical Review 

The following summarizes the relevant ET concepts 
in the existing literature. Transparency of information 
is defined as the sharing of useful information, which 
is operated by relevant institutions, encourage citizen 
participation, and open to public supervision [19]. 
In the 1990s, RIO Declaration on Environment and 
Development and Aarhus Convention of the 1990s 
have emphasized the importance of public access to 
environmental information [20, 21]. Nowadays, more 
and more countries are institutionalizing ET into 
environmental standards or business regulations [22], 
enabling stakeholders to intentionally or unintentionally 
access environmental information through different 
channels in daily lives [4], so as to potentially develop 
their good environmental protection habits and 

establish environmental awareness. In the long run, 
ET will penetrate into different market sectors and 
institutions, such as corporations, news media and 
non-governmental organizations [22]. This will not 
only help to strengthen the environmental awareness 
of corporations and make them consciously reduce 
environmental pollution, but also make the news media 
and non-governmental organizations more effective in 
strengthening supervision. In addition, Tian et al. [3] 
believed that ET is a mechanism that can promote social 
awareness of perceiving pollution. ET can also create 
opportunities for stakeholders to enable them to better 
obtain objective information related to environmental 
policies, budgets, environmental quality conditions and 
corporate environmental performance, thereby helping 
to increase their environmental awareness [4]. It has 
been applied as a policy tool that breaks the impasse in 
environmental governance caused by top-down political 
system [19].  

However, some scholars have pointed out that ET 
requires extensive data collection and monitoring for 
environmental governance, which is often impossible for 
less developed countries, thus exacerbating the power 
gap [23]. Moreover, the requirements for ET usually 
require more national surveillance and regulation. 
Simões & Marques [6] stated that the sunshine 
regulation can positively influence the quality of service 
improvement and contribute to the decreasing of 
overinvestment in utilities. Based on legitimacy theory, 
corporations with poor environmental performance are 
facing more political pressure [24]. In order to enhance 
their impression management, they will voluntarily 
disclose more environmental information to make their 
behavior “legal” [25]. According to political economy 
theory, those corporations with poor environmental 
performance use environmental information disclosure 
as a way to protect their own interests and maintain and 
legalize their social relationships [26, 27]. Corporations 
use the requirements of ET as a “masking tool” 
rather than a “communication tool” [28]. In view of 
such evidence and requirements for environmental 
disclosure, ET will cause information overload, and 
the accuracy of all disclosed information is difficult 
to verify, and may even lead to paralysis of decision-
making. Thereby, ET works only if the quality of the 
information is guaranteed [23].

Through the above analysis, it can be found that most 
of ET research is related to environmental knowledge 
such as environmental information disclosure system. 
At present, the research on ET has involved many 
disciplines such as politics, environmental studies, 
economics, marketing, organization management, etc. 
(e.g. [29, 30]). As mentioned above, legitimacy theory 
and political economy theory are often used in the 
study of ET. In addition, theories such as the triple 
bottom line principle, organization theory, and signal 
transmission theory are also widely used in the study of 
ET (e.g. [31, 32]). In recent years, more and more studies 
on ET have shown that ET is of great significance to the 
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development of the society today [33]. Thereby, both the 
academic and the practice should better understand the 
changes and issues in the implementation of ET.

Materials and Methods

It is notable that this work uses the PRISMA method 
[34] to select articles on the topic of ET in the Web of 
Science (WoS) core database. The method is divided 
into four steps: identification, screening, eligibility, 
and included, which can ensure the quality of the 
comprehensive study. This process will be discussed in 
detail below.

Material Sources and Processing

Systematic reviews should be on the basis of 
describing the principles, assumptions and planning 
methods of the evaluation. As a result, identifying 
research questions is the first step in selecting articles 
[34]. The main purpose of this work is to build a 
complete ET knowledge system. Namely, it is to present 
the efforts and results of scholars in the ET field, and 
to provide the latest progress in the research literature 
of this field, and to discover opportunities to promote 
the development in future. To achieve these targets, this 
paper will discuss the process of selecting publications 
in the following.

Firstly, this article selected the Social Science 
Citation Index (SSCI) database in the WoS as the 
data resource. First, WoS covers broadly research 
areas, which contains three major database materials, 
which are respectively Scientific Citation Index (SCI), 
SSCI, Art and Humanities Index and Emerging 
Sources Citation Index (A&HCI). Accordingly, it has 
two characteristics: authoritative and fruitful [35]. 
Archambault et al. [36] considered the core database 
of WoS to be a suitable source of data for scientific 
measurement. Hou et al. [37] further elaborated that 

based on the core database, knowledge maps and 
knowledge domains in a specific domain can be 
identified, and knowledge evolution analysis can be 
performed. The selection of WoS database as data 
resource to conduct comprehensive study has been 
widely recognized by previous studies [38, 39]. It is also 
necessary to explain that the SSCI database was selected 
for its inclusion in the social science literature, which is 
commensurate with the field of study. The SCI database 
contains a large amount of sewage treatment technology 
literature in the field of environmental science and 
technology, which is inconsistent with this research 
field. The A&HCI database includes humanities and 
art literature, which is also different from this field of 
study. In fact, some papers in SCI and A&HCI source 
journals that are related to the social sciences will also 
be included in SSCI. Thus, this article used the SSCI 
database in WoS as the basis for retrieval. Accordingly, 
the paper set the search time as “all years”, and typed 
“environmental transparency” in the subject line, then 
got 1024 results. In order to make the analysis results 
accurate, some irrelevant materials were excluded in 
this article, such as publication advertisements, letters, 
submission guidelines and so on. At the same time, 
as a paper may cover different topics, some articles 
are possible to include topics other than ET, which 
may diverge our findings. As a result, this article also 
adopted a dual expert discussion method to individually 
review selected articles. That is, two researchers with 
professional experience in the ET field independently 
read and checked the references according to the 
standards, and discussed any differences until a 
consensus have been reached. Finally, the author saved 
a total of 930 screened papers with the theme of ET 
and standardized them. Namely, the full record of each 
paper in WoS contains the following basic information: 
author, title, abstract, keywords, publication year and 
references. Similarly, each retrieved reference includes 
the name of the first author, year of publication, type 
of source, journal number, volume number, and DOI. 

Fig. 1. Yearly number of published papers on ET.
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Thereby, the similar basic information can be used 
as the basis for finding the inner connection of the 
literature. Descriptive statistics of the number of papers 
published each year is shown as Fig. 1. The literature on 
ET started in 1992, and the number of publications each 
year has increased almost year after year. Specifically, 
the number of publications has maintained a steady 
increase since 2000, and the number of publications 
after 2014 has begun to rise sharply. It can be seen that 
the research on ET has been concerned by more and 
more scholars, especially in recent years, due to the 
increasing importance of ET, the scope of its research 
have also been continuously expanded (e.g. [40]).

Methods

The bibliographic map of ET can be explained 
through various networks established by CiteSpace, 
such as co-occurring keywords and co-cited literatures. 
This article mainly analyzes from the following aspects: 
keyword co-occurrence network based on high-
frequency keywords, literature co-citation network, 
clustering network, and ET knowledge evolution model.

First, Small & Griffith [41] proposed that co-word 
analysis has certain similarity with co-occurrence 
analysis. It is a method of content analysis, which can 
show the relationship of research structure and relations 
among topics through the analysis of the terms appear 
in the same literature [42, 43]. Bibliometrics is based on 
the following two assumptions: if two keywords appear 
at the same period, they have relation [12], and the 
keywords of the paper are considered to be adequately 
described and best summarized the main components 
[44]. The keyword co-occurrence network is based on 
the above assumptions and is used to detect keywords 
that appear in at least two different papers within a 
period of time [45]. Today, many scholars have used co-
word analysis to analyze research advances in different 
disciplines (e.g. [46]). As the basis of the ET literature, 
these high-frequency keywords and the keyword co-
occurrence network can be considered as part of the ET 
knowledge base.

Secondly, exploring the knowledge domain of 
ET based on the knowledge base of ET is of great 
significance to understand the research hotspots and 
evolution trends in this field. As early as the last 
century, Small [47] and McCain [48] have proposed 
co-citation analysis methods. If scholars repeatedly 
cited certain literature in a research field, these 
relatively frequently cited literature can be considered 
as important references for research in this field [10]. 
These papers with high citation rates can be obtained 
by co-citation analysis. In addition, cluster analysis is 
based on the idea of “similar things are categorized 
together”. According to the attributes of the indicators, 
group the indicators with high similarity into one 
category. The basic requirement is to minimize the 
internal differences between similar indicators and 
maximize the difference between categories [49]. 

Specifically, it is an analysis method that classifies 
research objects based on their characteristics according 
to certain criteria [30]. The basic idea is that there 
are different degrees of similarity (intimacy) between 
individuals, that is, individuals within a group have 
a high degree of similarity, and there are differences 
between groups. Cluster analysis is to aggregate the 
variables with similarity into one category, and other 
variables with high similarity into another category. 
Consequently, this article aggregated all variables to 
form a small-to-large classification system, and uses 
pedigree maps, network views, or density views to 
indicate the affinity between all variables [50]. It can 
be understood that two papers are often cited at the 
same time, then they may be related to similar concepts 
and have a close relationship. Through cluster analysis, 
papers with internal connections can be identified. By 
using CiteSpace, they can be aggregated into clusters 
based on their interconnectivity. Different clusters 
represent a different knowledge domain and vice versa 
[51]. The connection between different clusters reflects 
their correlation in this study [14, 44].

Thirdly, in order to examine the trend of literature 
research topics, this article also draws time zone map. 
The map used the year in which the keywords appear 
as marked points and the frequency of occurrence as a 
cumulative amount, which can better reflect the theme 
change and evolution of China’s ET. On the basis of 
this, the keywords burst knowledge map is drawn, and 
the internal research hotspots of each evolution stage 
are analyzed.

Finally, on the basis of keyword network analysis, 
this research uses CiteSpace to identify references with 
strong citation bursts to discover changes in research 
hotspots in ET and analyze current research frontiers. 
Strong citation bursts analysis is based on the following 
assumptions: if a paper is frequently cited within a 
certain period of time, the paper will be considered 
as a reference paper with strong citation bursts, and 
it can also be understood as a landmark paper in the 
development of ET [10]. The nodes of strong bursts 
indicate that these papers have received special attention 
during the corresponding time period, and can reflect 
the evolutionary trend of the frontier and hot spots of 
the discipline to some extent [45]. 

Results and Discussion

This paper mainly elaborates the research results 
from three aspects: knowledge domain, knowledge base, 
and knowledge evolution. It aims to build a knowledge 
graph of ET based on the three aspects.

Knowledge Base

Knowledge base is based on high-frequency 
keywords that appear in the literature. This section 
will first introduce high-frequency keywords in the 
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field of ET. Then, based on high-frequency keywords, 
a keyword co-occurrence network is generated, that 
is, a knowledge map of ET to discover the knowledge 
structure in the field.

High Frequency Keywords

As the keywords of a paper can well summarize the 
main content [44], and the analysis of the frequency of 
keywords can help capture the core and hotspots of ET 
research. The statistical function of keyword frequency 
in CiteSpace is applied to analyze the frequency of 
keywords in the selected 930 sources of reference. 
After repeated calculations of the threshold through 
CiteSpace, the following table shows 45 high frequency 
keywords (see Table 1) that occur more than 15 times. 
If the threshold is set higher than 15, it will miss many 
critical sources. If the frequency of keywords is set 
lower than 15, the number of literature and keywords 
included will be too large to perform a concise and 
effective co-word analysis. These keywords can be 
considered as an important basis for ET knowledge 

formation, as the higher frequency of a keyword 
means it has attached more importance in the existing 
research [44]. As can be seen from the Table 1, the most 
commonly used keywords (frequency greater than 100) 
are as follows: transparency (157 times), governance 
(108 times), management (108 times); sustainability 
(103 times). It is understandable that these most used 
keywords play important roles in the research of ET. 
These data showed a certain extent that ET is closely 
related to the topics of environmental management and 
environmental governance and sustainability. These 
keywords will be used as knowledge base, which will 
lay the foundation for further analysis of keyword co-
occurrence networks analysis.

 
Keyword Co-Occurrence Network

The above reflects the knowledge base of ET 
to some extent. However, the frequency analysis of 
keywords appearing in the literature cannot reveal the 
relationship between the keywords, nor can they explore 
the inherent structure of the current literature on ET 

Table 1. High frequency and high mediating keywords in the field of ET (Frequency>15).

Keyword Freq. Rank Keyword Freq.

1 Transparency 157 24 Sustainable development 31

2 Governance 108 25 Quality 29

3 Management 108 26 Decision making 27

4 Sustainability 103 27 Environmental disclosure 24

5 Corporate social responsibility 99 28 Perspective 24

6 Performance 78 29 Public participation 23

7 Policy 75 30 Uncertainty 23

8 Impact 67 31 Indicator 23

9 Disclosure 63 32 Organization 22

10 Accountability 62 33 Knowledge 22

11 Legitimacy 58 34 Social responsibility 21

12 Framework 58 35 Biodiversity 21

13 Information 56 36 Firm 20

14 Participation 51 37 Stakeholder 20

15 Climate change 47 38 Lesson 19

16 Science 44 39 Responsibility 18

17 Model 43 40 Information disclosure 18

18 China 41 41 Strategy 18

19 Conservation 38 42 Power 17

20 Environmental governance 36 43 Environmental management 16

21 System 34 44 Standard 16

22 Politics 33 45 Environmental performance 16

23 Determinant 33
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topics. Therefore, it is necessary to conduct further 
co-occurrence analysis on keywords appearing in the 
literature, and to produce a co-occurrence network of 
keywords to show the knowledge map in the field of 
ET research. The keyword co-occurrence network is on  
the basis of high frequency keywords, which can 
show the inherent relation between these keywords 
[12, 43]. Fig. 2 presents the keywords co-occurrence 
network with 190 nodes and 1110 links based on the 
high-frequency keywords with frequency greater than  
15 shown in Table 1, by using the function of keywords 
co-occurrence of CiteSpace software. In the map, 
the nodes represent keywords and the lines represent 
the internal connections of keywords [18]. Also, the 
font size of the keywords in the figure is directly 
proportional to the co-occurrence frequency of the 
keywords [52], which helps to understand the current 
focus of ET research.

In the analysis of keyword co-occurrence network, 
centrality is one of the main indicators for measuring the 
power, influence, or individual properties of a keyword 
[18]. In particular, the degree of centrality indicates the 
degree to which a given keyword is directly related to 
other keywords. If a keyword (node) has more links to 
other keywords, then that keyword is likely to be the 
core of a popular topic [44]. Closely related keywords are 
at the center, while loose keywords are at the periphery, 
suggesting the hierarchical nature of ET research [14]. 
It means that the keywords, like transparency, impact, 
environmental disclosure and stakeholder, received 
widespread attention in the existing research of ET. 
Note that these nodes at the periphery are not the 
current focus, however, they may become potential 
hot themes in the future. During the analysis process 
of CiteSpace, the density is used as an indicator to 
measure the strength of interactions between those high 
frequency keywords [51]. The network density of Fig. 2 
is 0.018 (>0.01), which indicates that it is strong for the 

connections among the above high frequency keywords 
[10], meaning that these high frequency keywords are 
often discussed with each other in existing researches. 

Knowledge Domain

The Knowledge Domain is composed of two 
parts: Literature Co-Citation Analysis and Cluster 
Identification and Analysis. It is a further summary 
based on the knowledge base to analyze the research 
paradigm and category of the current ET, so as to 
clearly understand the knowledge domain.

Literature Co-Citation Analysis

If two (or more) papers are cited by one or more 
later papers at the same time, they are considered to 
constitute a co-citation relationship [53]. Using the 
function of literature co-citation analysis in CiteSpace 
to visually analyze the co-citation status of the selected 
930 articles, a common citation network containing  
784 nodes and 2796 connections can be obtained (see 
Fig. 3). In the network, nodes represent citations to 
papers in the SSCI database, and links represent co-
citation relationships between one node and another 
[54]. The larger the node, the higher the frequency of 
citing the literature, indicating that the literature is more 
important in the study of ET [54]. CiteSpace can divide 
the timeline of papers published so far into a series 
of time periods. This work selects each time period 
as a year, to find out the most influential literature in 
each year, which can make the results of literature co-
citation analysis more accuracy and comprehensive. 
By referring to the previous experience [10], the top 
50 literature cited most frequently in each time period 
were selected for co-citation analysis, and then a co-
citation network was generated. This article selects the 
first 8 frequently cited papers (frequency greater than 

Fig. 2. Keywords co-occurrence network (knowledge map) of ET.
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Fig. 3. Literature co-citation network of ET.

Table 2. Top 8 frequent co-cited articles in the ET field.

Author Title Year Frequency Source

Gupta, A. Transparency Under Scrutiny: Information 
Disclosure in Global Environmental Governance 2008 18 Global Environmen-

tal Politics

Clarkson P.M., Li Y., 
Richardson G.D., Vasvari P.

Revisiting the relation between environmental 
performance and environmental disclosure: 

An empirical analysis
2008 18

Accounting, 
Organizations and 

Society

Gupta A. Transparencyin global environmental governance: 
a coming of age? 2010 14

Global 
Environmental 

Politics

Dahliwal D.S., Li O.Z., 
Tsang A., Yang Y.G.

Voluntary Nonfinancial Disclosure and the Cost of 
Equity Capital: The Initiation of Corporate Social 

Responsibility Reporting
2011 14 The Accounting 

Review

Biermann F., Gupta A. Accountability and legitimacy in earth system gov-
ernance: A research framework 2011 13 Ecological Econom-

ics

Hahn R., Kuhnen M.
Determinants of sustainability reporting: a review 
of results, trends, theory, and opportunities in an 

expanding field of research
2013 13 Journal of Cleaner 

Production

Navarro A., Alcaraz F.J., 
Ortiz D.

The Disclosure of Corporate Social Responsibility 
Information in Public Administrations: An Empirical 

Study in Local Governments
2010 13 Revista de Contabi-

lidad

Garcia-Sanchez I.M., 
Frias-Aceituno J.V., 

Rodriguez-Dominguez L.

Determinants of corporate social disclosure 
in Spanish local governments 2013 13 Journal of Cleaner 

Production
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12) from the network for detailed analysis (see Table 2), 
because more cited papers means more representation 
and influence [18]. These literature can reflect the 
research focus of ET to some extent.

Gupta [55] identified the linkage among ET, 
accountable, legal and effective governance, 
believing that ET is increasingly at the core of global 
environmental governance programs. Clarkson [56] 
developed a content analysis index based on the 
Global Reporting Initiative’s Sustainability Reporting 
Guidelines to assess the extent of discretionary 
disclosure in environmental and social responsibility 
reports to improve existing literature. Compared to 
the index used in previous studies, the index better 
reflects corporate information related to protecting 
the environment. Using a sample of 191 corporations 
from five of the most polluting industries in the 
United States, it found a positive correlation between 
environmental performance and the environment as 
appropriate for disclosure. The results are consistent 
with the predictions of the economic disclosure theory, 
but contradict the negative associations predicted by 
the sociopolitical theory. Gupta [57] answered three 
questions when considering the impact of the shift 
towards transparency on global environment and 
sustainable governance: Why is transparency now? 
How is transparency institutionalized? What does it 
do? He believes that the impact of ET (whether it is 
informing, empowering, or improving environmental 
performance) is still uneven, and transparency has 
failed to achieve what many people expect. However, 
ET has indeed become a defining feature of our current 
and future politics. Dahliwal et al. [58] examined the 
potential benefits associated with voluntary disclosure 
of corporate social responsibility (CSR) activities: 
reducing the corporation’s equity cost. It found that 
corporations with a higher cost of equity capital in 
the previous year tended to initiate disclosure of 
corporate social responsibility activities in that year, 
while a sponsoring corporation with a higher social 
responsibility performance would subsequently 
reduce the cost of equity capital. In addition, startups 
with outstanding social responsibility performance 
attract specialized institutional investors and analysts. 
Moreover, these analysts have lower absolute forecast 
errors and dispersion. Finally, they also found that 
corporations took advantage of the lower cost of equity 
associated with initiating corporate social responsibility 
disclosure. After the launch, the sponsoring corporation 
is more likely to raise equity capital than the non-
sponsoring corporation. Among the corporations that 
raise equity capital, the sponsoring corporation raises 
much more capital than the non-sponsoring corporation 
Biermann & Gupta [59] elaborated on sources, 
mechanisms and reforms related to more accountable, 
legal and democratic ecosystem governance. Their 
research found that ecosystem transformation poses 
daunting accountability and legitimacy challenges. 
Defining stakeholders in ecosystem governance is a key 

responsibility challenge. The relationship between the 
legality of inputs and outputs varies from environment 
to environment. Reform of decision-making procedures 
must be undertaken to increase accountability and 
legitimacy. In particular, the influence of civil society 
actors in the intergovernmental system should be 
strengthened. Hahn & Kuhnen [60] provided a 
systematic review of 178 sustainability topics in the 
business, management, and accounting fields from 1999 
to 2011. Studies have found that there is usually no 
existing relationship between legitimacy, stakeholders, 
signals, and institutional theory. Moreover, the 
current research on sustainable development should 
strengthen considerations including supervision, 
governance, quality of information disclosure and 
stakeholder participation. Navarro et al. [61] analyzed 
the websites of 55 large local governments and came 
to conclusions about the disclosure of general CSR 
information and the release of economic, social and 
environmental information. The results show that the 
main shortcomings of corporate social responsibility 
disclosure are related to environmental information, and 
social information is the most public. Similarly, the size 
of the entity, political competition, and political signs 
of the government cannot explain the development of 
CSR information disclosure. Garcia-Sanchez et al. [62] 
analyzed the content of the websites of 102 Spanish 
local governments. Different statistical techniques 
(double-line diagrams and dependency models) were 
used to analyze the extent of disclosure and determine 
the impact of certain contextual and political factors 
on ET. Compared with the amount of information 
disclosed on financial issues, the disclosure of social 
and environmental information is scarce. It also 
observed that the existence of conservative governments 
and political competition could be a real obstacle to 
municipal transparency. Based on these findings, they 
made two policy recommendations. First, it is necessary 
to formulate national policies, laws or recommendations 
to generate a similar degree of transparency among 
local governments to avoid social dilemmas. In 
this sense, similar accountability processes limit 
unsustainable behavior and play a similar role to private 
sector markets. Second, the accountability process 
should focus on increasing information about social 
and environmental actions and informing municipalities 
about their impact, not just the strict economic scope.

By elaborating the above 8 frequently cited articles in 
the field of ET, it can find that ET is closely related with 
the fields of politics, business, marketing, organizational 
behavior, and accounting, and is a subject with a 
multidisciplinary nature. Scholars mostly focused on ET 
from government environmental regulation, corporate 
social responsibility, sustainable development and other 
aspects. This result also confirmed the results of the 
keyword network analysis in the previous section to 
some extent. In order to further confirm our conjecture, 
this article will perform cluster analysis on the selected 
930 literature.
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Cluster Identification and Analysis

Identifying highly cited literature through literature 
co-citation analysis is the first step in identifying a 
knowledge domain, and the second step is analyzing 
the literature to identify key research areas. Select a 
cluster label from the noun phrase for each cluster. 
Noun phrases are extracted from the keywords of the 
selected 930 articles by employing the CiteSpace. The 
highest ranked phrases may be selected as clustering 
tags [14]. Keywords reflect the core content of the 
thesis [12]. By analyzing the clustering of keywords, the 
content and direction of ET research can be grasped, 
and the research frontier can then be explored [44]. 
CiteSpace provides three different types of cluster tag 
extraction algorithms, including log-likelihood ratio 
(LLR) testing, Term Frequency-Inverse Document 
Frequency (TF-IDF), and Mutual Information (MI) 
testing. According to the previous experience [10], this 
article uses CiteSpace’s default algorithm LLR test to 
extract cluster labels. In statistics, a likelihood ratio 
test is a statistical test used for comparing the goodness 
of fit of two statistical models, namely, a null model 
and an alternative model. The test is on the basis of 
likelihood ratio, which denotes how many times more 
likely the data are fitting one model than the other. This 
likelihood ratio, or its equivalent logarithm, can then 
be used to compute a p-value, to decide whether or not 
to reject the null model [63]. The p-value stands for the 
probability of the difference between samples caused 
by sampling error. When the p-value is less than 0.01, 
it means that the cluster of the selected papers is very 
significant and appropriate [10]. Specifically, the paper 
uses Citespace keyword path calculation method, sets 
Node Types to “Keyword”, time-slicing the sample 

data with a time slice of 2, and extract the top 50 
keywords that appear in each time slice, select Cosine 
to calculate correlation strength. In order to ensure the 
integrity of the knowledge graph, no network pruning 
algorithm is used to generate a keyword co-occurrence 
knowledge graph (see Fig. 2). In the map, the keywords 
of high activity reflect research hotspots, and the degree 
of centrality indicates its dominance in the network. 
After network clustering, the LLR is used to name 
the clusters. There are 253 nodes in the graph, 11,778 
connections, the network density is 0.00618, the module 
value is Q = 0.3749 (>0.3), and the average contour value  
S = 0.7566 (>0.65), these show that the clustering 
structure is significant and the clustering is reasonable 
[10]. It should be noted that the network density 
values, module values and average contour values in 
the cluster analysis network are consistent with the 
keyword network analysis, which further illustrates the 
effectiveness of the cluster analysis. Fig. 4 illustrates 
the four cluster names obtained by CiteSpace in order 
of size: cluster 0 # risk assessment, cluster 1 # China, 
cluster 2 # local government, cluster 3 # institutional 
theory, these are the main research areas of ET at 
present.

This article further summarizes the number of 
articles, contour values, citation years, and LLR 
likelihood values included in each cluster, as shown in 
Table 3.

Table 3. Top-ranked clusters and the terms within 
the clusters. LLR-log-likAt present, the largest cluster 
in ET research is risk assessment, which contains 38 
literature. Agathokleous et al. [64] believed that there 
are still unresolved issues in improving the quality of 
ecological risk assessment, such as consideration of 
adaptability, dynamics and interactions. Lueg et al. 

Fig. 4. Clusters of knowledge domain within ET.
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[65] found that sustainable disclosure, especially on 
social sustainability issues, can reduce systemic risk 
in subsequent periods. In addition, other one-way and 
two-way effects have been identified, which indicate 
higher total risk, systemic risk, and idiosyncratic 
risk that have prompted corporations to report more 
social issues in subsequent periods. At the same time, 
preliminary evidence suggests that higher systemic 
risks result in less disclosure of governance issues. In 
general, breaking down sustainable disclosure into 
environmental, social, and governance issues helps to 
gain a deeper understanding of its two-way relationship 
with total, systemic, and idiosyncratic risks. The 
second is to study the issue of ET in China. This 
cluster contains 37 articles. For example, Kostka et 
al. [66] found that under the background that the role 
of information has evolved over time as the dominant 
environmental regulatory approach has changed, the 
performance of new information technologies in China 
has so far been simple. Although some similarities 
can be drawn between advanced democracies and 
China, many predictions about the impact of data and 
information technology have not yet been confirmed 
in China. The third cluster is a research topic on local 
government, which contains 33 literature that clarify 
the relationship between local government and ET. For 
example, Pache-Duran & Nevado-Gil [67] analyzed 
the similarities and differences that may exist between 
local governments at these levels of disclosure based on 
social responsibility information provided by Spain’s 50 
provincial capitals through their websites. The fourth 
cluster is about the application of institutional theory to 
ET. This cluster contains 28 literature. For example, Van 
et al. [68] explored the increasing number of Vietnamese 
corporations that are beginning to incorporate 
environmental management systems into their business 
strategies and develop green product diversification 
strategies. It discusses the important role played by 
foreign customers in promoting the corporation to adopt 
a green product diversification strategy. For foreign-
invested corporations, the effect is limited to the use of 
horizontal green product diversification.

According to the results of cluster analysis and the 
analysis of the above representative literature, there are 
several findings. First, because ET is multidisciplinary, 
the interpretation of risk assessment is multi-angled. 
For example, Agathokleous et al. [64] combined with 
ET by the perspective of ecological risk assessment, 

believing that improved risk assessments include 
adaptive and dynamic nonlinear models (beyond 
classical threshold models) can improve the quality 
of regulatory decisions and protect ecological health. 
Lueg et al. [65] studied ET from the aspects of total 
corporate social responsibility disclosure, systemic risk, 
and idiosyncratic risk, suggesting that managers would 
benefit from these insights by better understanding 
how sustainable practices and disclosing relevant 
information improve market assessments of corporate 
system risks. Investors and regulators can learn from 
this research that managers generally choose which 
reporting strategy to respond to changes in market risk 
perceptions. In addition, issues related to Chinese ET 
are also the focus of scholars’ research in the field of 
ET. The key issue lies in the special political system of 
China. It is understandable that in recent years, with 
the enhancement of national environmental awareness, 
many related environmental protection policies have 
been introduced. the number of corporate social 
responsibility reports issued has increased dramatically 
under the compulsory requirements of national policies, 
and the degree of ET has also increased. However, the 
“authenticity” of the published information remains 
to be confirmed. As discussed above, ET works only 
if the quality of the information is guaranteed [23, 
69] demonstrated that political linkages can increase 
the amount of corporate environmental information 
disclosure, while the quality of environmental disclosure 
is still low. In China’s top-down political system, 
many Chinese corporations assume environmental 
responsibility passively [70]. Undoubtedly, in a well-
established economy, the government’s main influence 
on corporate environmental information disclosure 
comes from formal mechanisms such as laws, 
regulations and regulatory regulations. However, China 
is currently an economy in transition. The market 
environment for the positive signals of environmental 
performance has not yet formed, and corporations with 
good environmental information may not be able to 
form corresponding response mechanisms. At present, 
the quality of environmental disclosure in China is still 
far from that of developed countries, and there is no 
unified evaluation standard for environmental disclosure 
[71], which has led to low quality of environmental 
information disclosure. At the same time, accountability 
is difficult due to inconsistent assessment standards 
[72]. Therefore, scholars consider the deep causes of 

Table 3. Top-ranked clusters and the terms within the clusters. LLR-log-likelihood ratio.

Cluster ID Size Silhouette Mean (Cited Year) Labe (LLR)(p-value)

0 38 0.742 2009 6.86, 0.001

1 37 0.633 2009 14.32, 0.001

2 33 0.798 2011 8.16, 0.005

3 28 0.715 2009 8.51, 0.005
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this problem from multiple perspectives and provide 
corresponding countermeasures to improve the quality 
of China’s environmental information disclosure and 
strengthen the credibility of ET. Although this problem 
has been increasingly valued by scholars and practical 
organizations, it is still to be resolved, which may 
continue to be the focus of future ET research [69]. 
Furthermore, the authors found that Cluster #2 “local 
government” and Cluster #3 “institutional theory” are 
often combined to explore issues about ET in China’s 
situation. According to institutional theory, China’s 
institutional system is relatively complicated, and 
different administrative levels have different policies in 
their implementation, and the action basis of the central 
and local government departments are different [73]. As 
a result, the effective implementation of legal regulations 
is restricted. Wong et al. [1] supported the idea based 
on institutional theory that, if a region has a relatively 
large number of poor people, the region is more 
likely to sacrifice resources and the environment for 
economic development. Then the region’s enforcement 
of environmental regulations (including ET) formulated 
by the central government is usually superficial 
and ineffective [74]. Also, China’s environmental 
governance is mainly implemented locally by local 
environmental protection bureaus, and staffing and 
funding are determined by local governments. Local 
environmental protection bureaus have weak rights and 
limited resources, so environmental protection is only a 
matter of words [1]. Not only China, many developing 
countries have similar difficulties. How to make up for 
organizational loopholes, improve policy formulation 
systems and standards, reduce regional differences, 
and mobilize the environmental protection enthusiasm 
of local governments have attracted the attention of a 
large number of scholars [1, 72]. A number of feasible 
countermeasures for decision makers to address the 
above difficulties have been put forward in the existing 
literature. Firstly, the level of ET is proposed as one 

of the criteria for evaluating the performance of local 
officials [3]. This method can foster the incentives for 
local officials to actively implement related strategies 
to ET, and force local officials to attach importance to 
the roles of ET and strengthen the supervision on ET 
in a compulsory way [75]. Secondly, it is necessary to 
support various stakeholders, such as social groups and 
media, to extensively collect pollution evidence and 
disclose them in officially recognized websites, to form 
pressures on the governments, thus to inspire ethics 
and responsibility [76]. Thirdly, establishing a vertical 
management agency among environmental protection 
agencies below the provincial level is a way to promote 
supervision of ET law enforcement and strengthen local 
governments’ environmental responsibility [77].

Knowledge Evolution 

Studying the evolution of knowledge in ET can 
clearly explain the value of co-citation and clustering 
[14]. Visualizing the evolution of knowledge of ET 
through CiteSpace can make researchers aware of 
the changes in research hotspots, identify the current 
research frontiers, discover the shortcomings of the 
current research, and help provide directions for future 
research on ET.

Research Hotspot Evolution

In a relatively short period of time, the literature 
with strong internal connections are clustered together 
to form a research focus [78]. Keywords are the 
concentration and generalization of the core content of 
literature. A time zone map that reflects the evolution 
of research hotspots based on the time dimension is 
selected [79]. Hence, the keywords from the selected  
930 articles are used to track research hotspots at 
different stages via the time zone map function of 
CiteSpace. In order to ensure the integrity of the graph, 

Fig. 5. The keywords co-occurrence time zone map in relation to the ET research field.
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no network trimming algorithm is used, and other 
settings remain unchanged. Select “Time Zone” in the 
visual interface. To effectively display the key nodes, 
only the nodes with frequency≥6 are displayed. The 
graph is obtained as shown in Fig. 5.

As time progresses, the pattern of keywords 
continues to alternate. Based on the keyword co-
occurrence time zone map, this paper finds that 
ET research has gone through three stages. First, 
in the nascent stage, countries began to realize the 
need for ET and tried to apply it to government-
led environmental governance, environmental law, 
and environmental accountability. However, Gupta 
[55] points out that although ET is a key concept in 
our times, it is still a relatively under-appreciated 
phenomenon in global environmental politics. With the 
continuous deepening of the awareness of sustainable 
development, the research on ET has begun to enter the 
development period, and its research theme has been 
further extended. Research topics around corporations, 
such as corporate social responsibility, have become 
new research trends. Because corporations are the 
main sources of pollution, they often need to assume 
major responsibilities in environmental issues [80]; 
With the widespread application of environmental 
information disclosure systems in various fields in 
different countries, especially the positive impact of 
environmental transparent information disclosure on 
environmental policies, environmental governance, 
corporate environmental responsibility, and regulating 
corporate environmental behavior is widely recognized 
[81]. The topics related to ET information disclosure 
have gradually become an emerging hotspot and 
cutting edge point in ET research. The paper found 
that this frontier is closely related to the effect of ET 
policy implementation. By collating the relevant related 
literature in recent years, it is found that most scholars 
explain the policy impact of corporate environmental 
information disclosure based on agency theory, 
legitimacy theory, and resource dependence theory 
[82]. At present, developed countries have reached a 
consensus on environmental information disclosure 
research. Scholars believe that external regulatory 
pressures can strengthen corporate environmental 
behavior and increase ET [24, 81, 83]. The external 
regulatory pressures include the regulations and laws 
from governments and the environmental demands 
from other stakeholders (like the public, investors and 
so on) [84 , 85]. As a result, the improvement of ET 
related laws and the construction of active supervisions 
channels for other stakeholders should be attached 
great importance in the future [86, 87]. Firstly, setting 
the level of environmental information disclosure 
as a standard for policy rewards and penalties of an 
organization can be considered. The previous studies 
have pointed out that the number of environmental 
responsibility reports of organizations has increased 
sharply with the introduction of ET requirements 
[69]. Secondly, in multimedia era, ensuring the 

effectiveness of ET particularly needs the participation 
and supervision of multimedia, as it provides more 
regulatory channels, and the ET problems exposed by 
the media can often cause great concern of the whole 
society [88]. 

Research Frontier Analysis

Scientific development can be extracted from the 
keywords of published articles through its footprint, 
and keywords with transition phenomena have both the 
forward-looking and exploratory nature of this stage of 
research. Strong citation burst indicates that the scientific 
community has paid special attention to these articles 
during a certain period [89]. The study and analysis of 
strong citation burst literature can further understand 
the status and hotspots of related research. Thus, this 
article uses CiteSpace to visually analyze the frequency 
of keywords of the selected 930 articles, to identify 
the keywords with strong citation bursts. According to 
CiteSpace’s existing capabilities, there are two ways 
to sort citations with citation bursts: by the start time 
of the outbreak and the intensity of the outbreak. This 
article chose to sort by the start time. Figure 6 shows 
the beginning and end time of the emergence and the 
first 22 emergent keywords of the emergence intensity. 
These emergences started in 2001 and reached their 
peak in the past 5 years. Environmental performance; 
Environment; Biodiversity etc. have become high-
profile popular word frequencies in recent years. 
Through further induction and summary, it is found 
that the following latest developments and development 
trends exist in the study of ET.
 – Governance of environmental and ecological 

issues is the subject of constant research on ET. 
With the increasing demands for green products, 
green services and sustainable development, the 
green development models have been emphasized 
in many countries (e.g. [90]). Coupled with the 
government’s efforts to encourage corporations to 
improve their environmental assessment systems 
and require disclosure of environmental information, 
stakeholders’ research on ET has become more 
and more concerned [3]. For example: Li & Li 
[22] research believes that in the long run, the 
transparency of environmental information must 
conform to both the green growth framework 
and the long-term development goal of building 
green energy. Peng et al. [4] empirically tested 
the relationship between actual and perceived air 
pollution and the moderating effect of ET on this 
relationship. 

 – Accountability and environmental information 
disclosure are the foundation for achieving ET. 
Transparency through information disclosure 
is increasingly at the core of many global 
environmental governance programs [55]. An 
empirical assessment of preliminary data indicates 
that Black and Smelly Waters is a means to increase 
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transparency and accountability. They believe that 
information and communication technology (ICT) 
provides a new avenue for transparency through an 
itemized disclosure plan aimed at improving citizens’ 
participation in China’s environmental management 
and policies. Tan [91] studied the impact of ET 
regulations in the context of China’s fragmented 
environmental management system by studying ET 
measures in China. He found that given China’s 
authoritarian structure, improved governance 
does not translate into stronger accountability, 
which challenges common assumptions about 
the relationship between transparency and 
accountability.

 – An ET system led by the government and involving 
stakeholders. Peng et al. [4] found that the ET of 
local governments can mitigate the relationship 
between actual air pollution and perceived air 
pollution by eliminating halo effects and establishing 
a more sensitive perception when local air quality 
deteriorates. Jacoby et al. [92] used a sample of 
4,195 observations from 19 emerging markets to 

investigate how internal corporate governance, 
external monitoring, and the legal and business 
environment collectively affect the effectiveness 
of corporations’ management of environmental 
information transparency in an international 
environment. The study found that internal corporate 
governance mechanisms can directly improve a 
corporate’s transparency on environmental damage 
and can indirectly increase transparency through 
external control measures.
According to the above analysis, it is necessary to 

strengthen the ET governance system in the future. 
Firstly, improving the related laws and regulations of 
ET and strengthening the roles of accountability and 
environmental information disclosure are necessary. 
Only by filling the loopholes in law and implementing 
the laws related to ET more efficiently in practice can 
we better ensure the effective of ET. Secondly, the 
governance system cannot only rely on the laws and 
regulations from the governments, the participation 
of multiple stakeholders als plays an important role 
for the ET improvement [93]. It should be considered 

Fig. 6. Top 22 Burst terms in the study of ET.
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to establish a collaboration governance network 
involving in multiple stakeholders on the basis of 
the advancement of communication technology [88]. 
Thirdly, most stakeholders as the front-line perceivers 
are likely to more quickly sense the defects of ET, but 
few of them are willing to report to the governments 
as their awareness of ET is generally weak [94]. Thus 
it is necessary to enhance the awareness of ET of the 
public and encourage them to actively participate in the 
supervision of ET. In the case, the government should 
increase the publicity of the importance of ET and form 
a better atmosphere for everyone to participate in ET. 

Constructing Knowledge Graph for ET

The bibliometric method can be used to clearly 
visualize and analyze the knowledge base, knowledge 
domain, and knowledge evolution of ET. This paper 

integrates it to build a knowledge map for ET, as is 
shown in Fig. 7, which is composed of knowledge 
base, knowledge domain and knowledge evolution. By 
analyzing the knowledge base, knowledge domain, and 
knowledge evolution of ET, researchers can understand 
the knowledge framework and development process of 
the discipline.

The knowledge base of ET includes the high-
frequency keywords identified by co-occurrence 
networks, clustering analysis on keywords in the 
knowledge base to determine the field of ET knowledge, 
which helps better understand the main research 
areas of ET, including risk assessment, China, local 
government, institutional theory, British Columbia and 
impact. The evolution of knowledge of ET is briefly 
described below. In the early days of ET, most scholars 
focused on environmental protection and environmental 
management (2001-2007); With the deepening of ET 

Fig. 7. A Knowledge graph of ET.
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as a tool for government environmental management 
and the formation of an environmental governance 
system with the participation of stakeholders, local 
government (2013-2017), accountability (2013-2016), 
participation (2014-2016), democracy (2013-2015), 
decision making (2015-2017) and environmental 
disclosure (2015-2016) have gradually become 
research focuses. Then, as countries attach more and 
more importance to the environment, environmental 
performance (environmental performance: 2017-2019) 
such as the protection of biodiversity (2017-2019) has 
become an issue of increasing concern. Further analysis 
of the evolution of ET reveals that research in this field 
has always been centered on three topics, that is, (1) 
governance of environmental and ecological issues; 
(2) accountability and environmental information 
disclosure are means to achieve ET; (3) the government 
is an environmental governance system in which ET 
leaders and stakeholders participate together. 

Based on the above analysis combining with the 
knowledge storage, this paper point out the research 
gaps in the current research, which may be the focus of 
future studies in the ET field. First, as mentioned in the 
cluster analysis above, scholars have considered from 
many perspectives and conclude that China’s special 
political system is a deep-rooted cause for blocking 
ET, and provide corresponding countermeasures. 
However, this issue remains to be resolved. Therefore, 
it is necessary to summarize the important factors 
that how to the human factors lead to ET become a 
superficial behavior. The mind mapping, social network 
analysis tools, coupling and embedding theories can 
be employed to build stakeholder system models 
to depict the conceptualized participant interaction 
system formed around the human-induced processes 
that block the performance of ET, revealing the 
institutional relationship, organizational relationship 
and interest relationship formed by each subject around 
the induction process of ET implementation obstacles. 
Second, this paper found that the current research on 
ET is mostly quantitative research methods (e.g. [67]). 
However, in-depth analysis of a problem requires the 
integration of multiple perspectives and methods, such 
as macro and micro, qualitative and quantitative. As a 
result, it is necessary to integrate the research methods 
of microstructure and qualitative analysis into the 
research of ET. To be more specific, the case study 
might be a feasible qualitative approaches for future 
studies. Many studies have employed case study to find 
out human factors for environmental pollution or other 
environmental problems (e.g. [87, 95]). The method is 
ideal when researchers hope to conduct a comprehensive 
and in-depth study of context-related social phenomena 
[96] and explore various hidden problems [97]. Third, 
China has a big gap with developed countries in 
terms of environmental disclosure quality and ET 
implementation effect. As Kostka et al. [66] put forward 
when discussing the impact of information technology 
on environmental regulation, although some similarities 

can be drawn between advanced democracies and 
China, many predictions about the impact have not been 
seen in China. Although one may actively learn from 
the ET experience of developed countries, it should 
compare the specific differences between developing 
countries and developed countries and ponder the 
reasons for the differences, so that it is possible to find 
the most suitable path based on the real situation of  
a developing country. The grounded theory can be  
paid more attention to address the issue. It is a set of 
rigorous research procedures leading to conceptual 
categories. These concepts or categories are related to 
each other as a theoretical explanation of the actions  
that continually resolves the main concern of the 
participants in a substantive area [98]. These three 
noteworthy issues will also be directions for future 
studies. It should be noted that this knowledge graph 
is rapidly developing and frequently expanding new 
research fields. Thereby, the knowledge base, knowledge 
domain, and knowledge evolution model may change in 
the future. Bibliometrics on ET should be constantly 
updated to explore research topics that fit the forefront 
of the times.

Conclusions

Based on the screening of 930 papers on ET in the 
SSCI database in WoS, this article applies CiteSpace to 
analyze the existing knowledge system of ET and draws 
the following conclusions. 

Firstly, this article uses the function of keyword 
co-occurrence analysis to determine the keywords of 
the ET knowledge base, including 45 high-frequency 
keywords with a frequency greater than 15 such as 
transparency, governance, management, corporate 
social responsibility, and sustainability. A high-
frequency keyword co-occurrence network was further 
generated based on the high-frequency keywords. 
It plays an important role in building a knowledge 
base of ET and helps scholars in this field to quickly 
understand the knowledge structure in the field of 
ET research. Secondly, four major research clusters 
in ET field is classified, that is, (1) risk assessment, 
(2) China, (3) local government, and (4) institutional 
theory. Through further analysis, this paper finds that: 
first, ET is multidisciplinary, and the interpretation 
of risk assessment in the existing literature is multi-
dimensional, including ecological environment risk 
assessment, corporate CSR risk assessment, and so 
on. Second, many studies have focused on China’s ET 
issues. These issues are often discussed in conjunction 
with local government and institutional theory. Since 
China is the second largest economy in the world but 
facing serious environmental issues, the research results 
related to its ET can generally provide references for 
other emerging economies to promote ET practices 
in future development. The value of co-citation 
clusters is explained for capture research frontier.  
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A time zone map that reflects the evolution of research 
hotspots based on the time dimension is provided, 
and the knowledge evolution of ET is analyzed by 
citing citations, revealing how research related to ET 
has evolved over time. Research hotspots of ET are 
constantly changing. The three ways to achieve ET are 
(1) Governance of environmental and ecological issues; 
(2) Accountability and responsible environmental 
information disclosure; (3) An ET system led by the 
government with all stakeholders involved together 
is a focus of ET research. Accordingly, the paper 
proposed three recommendations for decision makers 
to ensure the feasibility of the above mentioned three 
ways, which are respectively improving the related 
laws and regulations of ET and strengthening the 
roles of accountability and environmental information 
disclosure, establishing a collaboration governance 
network involving in multiple stakeholders on the basis 
of the advancement of communication technology, and 
enhancing the awareness and participation willingness 
of the public. In addition, by constructing an ET 
knowledge graph, this paper pointed out three main 
gaps in current research. The first is investigating 
the mechanism of human factor that blocks the 
effectiveness of ET. The paper provided some methods, 
such as mind mapping, social network analysis tools, 
coupling and embedding theories, to fill in the gaps. 
The second is to study ET through the integration of 
multiple perspectives and methods, such as macro and 
micro, qualitative and quantitative, etc. The case study 
is especially suggested for future qualitative study as it 
has advantages in exploring various hidden problems 
of social phenomena. The third is to consider specific 
conditions of a developing country to design a peculiar 
pattern for its ET development. The grounded theory is 
suggested to achieve the goal.  

CiteSpace’s quantitative analysis function facilitate 
building a knowledge graph for the study of ET based 
on keywords, clustering, temporal dimensions, and 
citation bursts. Specifically, this article (a) identifies 
knowledge base and knowledge domain through 
emerging research frontier terms, (b) explains the 
value of co-citation clusters based on research frontier 
concepts, (c) greatly reduces the complicacy of the 
visualization network via CiteSpace. The combination 
of knowledge graph modeling and visualization enables 
this article to build a comprehensive knowledge 
pedigree. Even though CiteSpace has multiple functions 
of bibliometrics, it has major limitations for database 
selection. CiteSpace can perform a comprehensive 
bibliometric analysis of selected literature from the WoS 
database; but for other databases, some of its functions 
cannot be effectively implemented. For example, 
CiteSpace cannot realize the analysis of co-occurrence 
networks in countries or regions and the co-citation 
analysis of authors and literature when literature data is 
extracted from Derwent database and CNKI database. 
Therefore, in the future, if researchers want to perform 
bibliometric analysis on databases other than WoS, 

other visual bibliometric software, such as VOSviewer 
and social network analysis softwares are attemptable 
(e.g. [38, 53]. In addition, combining the merits of 
different bibliometrics tools together to perform the 
comprehensive research should be another concerned 
way for future comprehensive studies.

This article is an exploratory study and only 
chooses the key and classical functions of CiteSpace, 
so a comprehensive review could be enriched by more 
functions of CiteSpace in the future. For example, the 
time-line mapping can be used to verify the results 
of time zone map. Besides, the data can be updated 
regularly so as to further update the ET knowledge map 
provided by this study.
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