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Abstract

Pro-environmental behavior (PEB) has always been a hot topic in academic and practical, and it is highly necessary to explore the
research progress and development trend of PEB. Based on 1038 relevant literatures published and the Web of Science core
database, this paper used citation analysis, co-word analysis and cluster analysis methods to systematically analyze the dynamic
evolution process of PEB’s research topics, knowledge base and subject areas. The results show that PEB research is currently in
a period of rapid growth. And PEB research presents typical multidisciplinary characteristics, mainly focuses on Psychology-
Education-Social, Economics-Economic-Political, Environmental-Toxicology-Nutrition and other disciplines. Then, this study
also finds that the PEB research hotspots mainly concentrated in seven directions such as “Environmental cognition, emotion and
motivation process”, etc., which can be further classified into three horizontal levels and three vertical levels. This study will
provide valuable theoretical and practical reference for the future research of PEB.

Keywords Pro-environmental behavior - Bibliometric methods - Co-occurrence analysis - Cluster analysis - Basic knowledge

Introduction

As a critical force that could reduce the negative human im-
pact on the ecological environment, pro-environmental behav-
ior (PEB) has been a hot topic in the academic circles for the
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past 10 years (Stern, 2011; Van der Werftf et al., 2013;
Hornsey & Fielding, 2020; Lu et al., 2020). In particular, the
current COVID-19 epidemic has severely harmed mental
health, as well as global economic development. This forces
people to rethink the relationship between humans and the
ecological environment, and judge the impact of their own
activities on the ecological environment (Kapecki, 2020). As
such, one may expect PEB is not only a research hotspot in the
past decade, but will also become an eternal topic in future.
The concept of PEB originated from the reflection by
scholars on ecological problems in the 1960s (Ellen et al.,
1991). For instance, Maloney and Ward (1973) maintain that
‘the ecological crisis is a crisis of maladaptive behavior’ (P.
583). They emphasized that human behaviors play an impor-
tant role in the ecosystem and called on researchers to pay
attention to human environmental behavior and changes of
such behaviors. To date, scholars have labeled PEB by using
different terms, such as Environmentally responsible behavior
(Lee et al., 2013; Su & Swanson, 2017; Cheung et al., 2019),
Environmentally sustainable behavior (Kurz et al., 2007,
Juvan & Dolnicar, 2014; Geiger et al., 2019), Environmental
significant behavior (Stern, 2011; Bratt et al., 2015; Moon
et al., 2017), Green behavior (Gordon-Wilson & Modi,
2015; Li et al., 2018; Kim et al., 2019), Ecological behavior
(Testa et al., 2015; Otto & Pensini, 2017; Liu et al., 2019b).
Environmentally friendly behavior (Alp et al., 2008,;
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Liobikiene et al., 2017; McCoy et al., 2018), etc. Despite the
different labels, these terms commonly refer to the meanings
expressed by these terms are rough similar, that is, human
behaviors that are conducive to the healthy development of
the ecological environment.

In recent years, many scholars have explored various issues
related to PEB. First, researchers have identified various ante-
cedents of PEB, including exogenous variables, such as insti-
tutional factors, economic factors, and social norms (Kerr
et al., 2017; Otto et al., 2018), as well as endogenous vari-
ables, such as motivation, environmental knowledge, con-
sciousness, values, attitudes, emotions, and responsibilities
(Oskamp & Schultz, 2005; Casalo et al., 2019). Second, re-
searchers have examined PEB demonstrated by different
parties, such as enterprises, residents, employees, consumers,
tourists, farmers and others (Lu et al., 2019; Rezvani et al.,
2018; Zhang et al., 2019; Wang et al., 2018). Third, re-
searchers also explore the reasons for the differences of em-
pirical research results between the same constructs from the
perspective of the specific PEB field (Pickett et al., 1993;
Kaiser, 1998; Tiefenbeck et al., 2013). Finally, researchers
have examined PEB aiming to protect various resources, such
as marine resources, energy, water, climate resources, land,
and other resource types. While studying the aforementioned
topics, researchers have adopted multidisciplinary research
methods and theoretical models from fields such as Social
psychology, Economics, and Education. For example, the
Rasch model of psychology has been adopted to optimize
the scales of general PEB attitudes or other subjective values.
Bibliometrics method from Information Science & Library
Science has been utilized to provides the possibility for deter-
mining the external characteristics and inherent discipline of
PEB; the research on psychedelic drugs in medicine also pro-
vided valuable findings related to PEB.

In summary, literature on PEB are multi-perspective and
multi-orientation in nature. It is widely recognized that inter-
disciplinary research can provide multiple methods and tech-
nology for the solution of complex and comprehensive prob-
lems as well as the construction of related disciplines
(Hennessey & Amabile, 2010). Interdisciplinary research
can also expand the application of theoretical knowledge in
practice (Aboelela et al., 2007; Spano et al., 2020a). At the
same time, interdisciplinary research is able to discover and
create new research paradigms (Spano et al., 2020b). In par-
ticular, the characteristics of PEB literature publication, the
emergence and evolution of PEB research fields and knowl-
edge base, research hotspots and discipline characteristics of
PEB research in recent years can dynamically present the past
and present of PEB related research, and can even predict the
future trend of PEB research. However, to the best of our
knowledge, there is a lack of literature review that systemati-
cally describes the research themes, knowledge base, and dy-
namic evolution of PEB studies. Therefore, our research aims
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to explore the evolutionary law of PEB research from the
aspects of subject characteristics and topic characteristics on
the basis of combing the existing PEB literature, and further to
support new research fields and research topics that may arise
in the future. To achieve this goal, we first obtained relevant
articles from the web of science (SCI and SSCI) database is
used as a data pool in our study. We then utilized Citespace,
Bibexcel and Pajek software packages to present the dynamic
evolution process and law of PEB research in detail.
Specifically, in order to systematically present the subject
characteristics and topic characteristics of PEB, our research
is intended to explore the six important research issues, name-
ly, Publication status of PEB literature, Research fields and
knowledge base of PEB research at different time phases,
Research hotspots of PEB research, Mainly research direc-
tions of PEB, Cross-disciplinary of PEB research topics at
different time phases, and multidisciplinary composition. For
answering the above questions, our research tried to explore it
from the following four research blocks namely Status of
Literature Publication, Evolution of Research Fields, Co-
occurrence Analysis of Keywords, and Cluster analysis of
high-frequency keywords.

Research Method and Data
Research Method

We first used the two functions of Citespace software, such as
time zone map of the subject field and the Dual-Map Overlay
of'the journal, to explore the subject field, knowledge base and
evolution law related to the studies of PEB. This software
package, however, also come with several weakness. It is
difficult for the software to analyze the relationship among
literatures (Chen et al., 2019). Moreover, the clustering labels
generated by Citespace software are not representative, so that
co-word clustering is not suitable for locating research
hotspots (Xie et al., 2020). Therefore, we additionally utilized
software packages such as Excel, Bibexcel and Pajek to con-
struct a co-occurrence network of high-frequency keywords,
and further explored hot topics at different periods. Finally, we
used Pajek software to perform a cluster analysis on high-
frequency keywords, and explored the research topics covered
by PEB literature and the potential future trend of PEB
research.

Citation analysis is a bibliometric research method that
presents the citation phenomena of journals, papers, authors
and other analysis subjects, and reveals the inherent laws
contained therein (De Bellis, 2009). Researchers often regard
the frequently cited articles as more important than others
(Garfield, 1979). The frequently cited articles also reflects
the mainstream of the research field and constitute the knowl-
edge base or knowledge structure for future research (Hou
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et al., 2018). One of the most widely used citation analysis
software is the Citespace bibliometric visualization package
developed by Dr. Chen (Chen, 2004; Chen, 2006; Chen &
Leydesdorff, 2014). Particularly, the package enables re-
searchers to conduct, Dual-map overlay analysis, which is a
new way to determine the subject area, knowledge base or
knowledge structure related to a specific research topic
(Chen & Leydesdorff, 2014; Hou et al., 2018). This analysis
has the potential to reveal changes in citation knowledge pat-
terns at the subject level (Chen & Leydesdorff, 2014).
Therefore, for the current study, we first utilized Citespace
software to automatically extract the “SC” field from data text
after data cleaning, and drew a time zone map of the subject
area. Next, we drew the dual-map overlay of the journals to
explore the subject knowledge base and evolution process of
PEB literature.

Co-Word analysis is a content analysis method for co-
occurrence analysis of representative phrases which is devel-
oped by Callon in 1983 (Callon et al., 1983). The method
allows researchers to find the relationship among complex
events (Callon et al., 1983). In practices, Co-Word Analysis
is often used to count the frequency of a pair of phrases (terms,
keywords, etc.) appearing in the same subject, and constructs
their co-occurrence matrix to reflect the relationships among
these phrases (Ronda-Pupo & Guerras-Martin, 2012). For the
current study, we conducted Co-Word Analysis by using
Bibexcel software, which can extract and count the frequency
of phrase occurrences, and generate co-occurrence matrix
(Ronda-Pupo & Guerras-Martin, 2012; Hou et al., 2015;
Zhang et al., 2017b). Specifically, in the current study, we
focus on analysis of keywords of relevant articles. Keywords
are refined vocabulary selected by the author that can repre-
sent the content or theme of the article. We maintain that the
keywords are appropriate frequency phrases for co-occurrence
analysis, which can show the core of the related researches
(Ding et al., 2001). Therefore, we processed keywords of rel-
evant articles and used them as representative phrases (The
processing of keywords will be explained in section 2.2). Co-
occurrence analysis of these keywords enables us to obtain the
overall picture of a research field including the research
theme, the internal structure of the research theme, and the
theme evolution process. In this study, high-frequency key-
words were first extraced by using Bibexcel software. Next, a
high-frequency keyword co-occurrence matrix was built.
Then we used a large-scale network visualization tool, Pajek
software, to draw a high-frequency keyword co-occurrence
network map to further explore the structure and evolution
of the research topic.

Cluster analysis is essentially based on specific algorithms to
classify the similarity of multiple indicators of data. The method
is widely used in natural and social science studies for the pur-
pose such as confirming the bio-ecological characteristics (e.g.,
Jiang et al., 2004), the attributes of the disease (e.g., Moore et al.,

2010), and research topics in a certain field (e.g., Li et al., 2015).
The keyword co-occurrence matrix shows the co-occurrence fre-
quency between keywords, and the higher co-occurrence fre-
quency suggests that the research topics are closely related to
each other (Zong et al., 2013). Therefore, the major groups of
the research topics can be identified based on the cluster analysis
of the high-frequency keyword co-occurrence matrix (Chen
et al., 2016; Liu et al., 2018; Chen et al., 2019). In recent years,
the more commonly used cluster analysis visualization software
includes Citespace, Pajek, Gephi, Ucinet, Netdraw, etc. (Zhao &
Chen, 2014). Recall that in the first stage of our research, we
utilized Citespace software package. However, due to lack of
representative clustering tags, co-word clustering method avail-
able in this package is not suitable for finding research hotspots
(Xie et al., 2020). Furthermore, it is difficult to utilize Citespace
to analyze the relationship between various documents (Chen
et al., 2019). To resolve this problem, we utilize best way is to
use a combination of Excel, Bibexcel and Pajek software togeth-
er to perform high-frequency keyword co-occurrence analysis
and high-frequency keywords Cluster analysis. In addition, we
also use Pajek to extract and display a single clustering network
function (Batagelj & Mrvar, 1998), which allows us to identify
the internal laws of each cluster.

Data Collection and Processing

For the current research, we search for studies on PEBs in the
Web of Science core data system. The retrieval process is as
follows: First, we identify one set of keywords for PEBs by
reviewing relevant literatures. Next, we include synonymous
phrases to the keywords, in order to expand the search scope
and obtain comprehensive document data. The literature search
formula was set as, TS =("pro*environment*
behavio*"OR"environment* friendly behavio*"OR"green
behavio*"OR"ecological behavio*"OR "environment* responsi-
ble behavio*"OR"environment* significant
behavio*"OR"environment* sustainable
behavio*"OR"volunteer environment®*
behavio*"OR"organi*ational environmental citizenship
behavio*"OR"organi*ational citizenship behavior for
environment"OR"OCBE"). The search document type was set
to “Article”, the document language was set to English, the
search scope was set to “SCI” and “SSCI”, and the search time
range was from 1900 to 2020 (the date ends on June 30, 2020).
The search yielded a total of 1361 relevant papers. However,
some of these articles are irrelevant to PEB but related to topics
such as Online Consumer Brand Engagement, Organic Carbon
Burial Efficiency, Non-human Ecological Behavior, etc. After
deleting those in relevant articles, we obtained 1038 papers were
obtained for this research.

We preprocessed the original keywords of 1038 documents
before conducting the keyword co-occurrence analysis.
Specifically, we first entered the keywords of each paper into
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Excel line by line. During the process, we found that key-
words are missing for several papers. After discussing with
three experts on co-occurrence analysis, we decided to identi-
fy keywords for these papers based on their content. Next, we
processed the keywords by using the following procedures:
first, we screened the keywords to combine those differ only
in terms of capitalization, full name and abbreviation, and
singular and plural, as well as those are synonyms. For exam-
ple, “Emotion” was combined with “Emotions”. “theory of
planned behaviour”, “planned behavior”, “TPB” and
“Ajzen’s theory of planned behaviour” were all labeled as
“Theory of planned behavior”. “motivation”, “Intrinsic moti-
vation”, “Environmental motivation” and “Autonomous mo-
tivation” were all labeled as “Motivation”. Next, keywords
that are irrelevant to the purpose of the current research, for
example, specific country names, specific research methods,
were all deleted. Finally, we kept one of the repeated key-
words in the same paper. Overall, this process resulted in

1666 keywords for further analysis.

Analysis and Results
Status of Literature Publication

In order to predict the trend of the number of future publica-
tion in this field, we first conducted a descriptive analysis of
the amounts of articles published in international journals re-
lated to PEB. The curve depicting the number of papers pub-
lished on PEB is shown in Fig. 1. (As of June 30, 2020). It was
in 1979 that the first paper on PEB was published. Between
1979 and 2020, the annual and cumulative number of pub-
lished papers on PEB had been generally rising. In order to
further analyze the emotionally pattern of PEB research, we
divided the period into three phases based on the annual quan-
tity index (1) the budding phase (1979-1990), when the pub-
lication on this topic is rare, (2) the exploratory phase (1991—
2013), publication on the topic is between 2 and 50, and (3)
the rapid-growth phase (2014-2020), when annual publica-
tion is more than 50. Specifically, the budding phase lasted

160 - —e— Numbers of literature each year —&— Numbers of accumulated literature year

12 years; In the 23 years of the exploratory phase, the quantity
of'the published papers had shown relatively slow growth, and
the accumulative publication quantity 361 of the papers
accounted for 34.78% of the total number; In the rapid-
growth phase, the number of the publication showed a sharp
increase every year. Within merely 7 years, the cumulative
number of the published papers inquiries dramatically to
675, 1.e. around 65.03% of the total.

These articles are published in more than 300 journals.
Among them, the top 20 journals with the largest number of
publications were presented in Table 1. The top 3 journals in
terms of the number of publications are Environment and
Behavior, Journal of Environmental Psychology, and
Sustainability. The scope of these journals are highly compat-
ible with the theme of PEB.

Evolution of Research Fields

The theory and practice of PEB are typical interdisciplinary
characteristics in nature (Stern, 2011; Forstman & Sagioglou,
2017; Meijers et al., 2019). For current study, the time zone
map of subject categories in Citespace software is utilized to
analyze the subject characteristic of PEB. Based on the clas-
sification of Web of Science research fields, we draw the
evolution map of the PEB research field (see Fig. 2), in order
to analyze the evolution process of this research fields. To
balance the comprehensiveness and accuracy of the results,
the parameters were set as follows: time range 1979-2020,
time slice was 2 years, TOP100, Threshold Interpolation (C,
CC, CCV) was set to (0, 0, 0), (3, 3, 30), (3, 3, 30).

In the Fig. 2, the year only represented the time when the
research field first appeared, and the size of the circle repre-
sents the number of documents in the research field. Along the
time axis, research on PEBs first appeared in the following
disciplines: Environmental sciences & Ecology,
Environmental studies, Education & Educational research.
Then Psychology was applied to PEB research, more disci-
plines were involved in the next decade, including Business,
Business & Economics, Economics, Political science,
Government & Law, Sociology, Green & Sustainable science
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Table 1 Top 20 journals for the number of publications on pro-environmental behavior

Journal N Journal N
Environment and Behavior 91 Tourism Management 13
Journal of Environmental Psychology 88 International Journal of Hospitality Management 13
Sustainability 64 Business Strategy and The Environment 13
Journal of Cleaner Production 51 Society & Natural Resources 12
Journal of Sustainable Tourism 28 Corporate Social Responsibility and Environmental Management 12
Environmental Education Research 24 Social Behavior and Personality 11
Frontiers in Psychology 20 Resources Conservation and Recycling 10
International Journal of Consumer Studies 16 Energy Policy 10
Journal of Business Ethics 15 Journal of Environmental Education 9
Journal of Applied Social Psychology 15 Journal of Business Research 9

& Technology, etc. As shown in Fig. 2, in the past 5 years
(2016-2020), PEB researchers additionally addressed the is-
sue from new perspectives such as Energy & Fuels,
Geography, Engineering, Development studies, Ethics, etc.
Meanwhile, as for the perspective of the number of documents
in the subject area, the Environmental sciences & Ecology
field is the one with most publications on PEB, with 544
documents. Followed by 397 papers from Environmental
studies, 343 papers from Psychology, 239 papers from
Psychology Multidisciplinary, and 228 papers from
Environmental sciences.

Furthermore, our study used the A Dual-Map Overlay map
of Citespace software to deeply analyze the subject knowl-
edge base and evolution process of PEB. A Dual-Map
Overlay is composed of two parts. The left part is the world
of citing documents, and the right part is the world of docu-
ments cited in the left part. The citing area and the cited area

SYGHOLOGY,S
BUSINESS
HOLOGY, MULTIDISCIPLINARY
PSYGHOLOGY

x N EDUCATIONAL RESEARCH

ENVIR MENTAL SCIENCES & ECOLOGY
¢ENVIRONMENTAL STUDIES

PSYC

' s
. WRONMENT%

BUSINESS & E EcoNomICS

are divided into 12 and 40 clusters respectively, and the dis-
cipline clusters are labeled by terms selected from the titles of
journals in the corresponding clusters (Leydesdorff et al.,
2013). The citation curve of the map points from left to right
to its cited documents, aiming to clarify the citation track from
“source” to “destination”. At the same time, by analyzing the
network structure of the co-citation map of the journal on the
right, the knowledge base and evolution process of the re-
search topic can be obtained. Next, Clicked “JCR Journal
Maps” in “Overlay Maps”, then clicked “Add Overlay”, we
used the Z-Score algorithm to standardize the citation links, in
order to present the citation relationship between the journals
on the left and the right more concisely. The analysis result in
two obvious citation tracks (shown in Fig. 3), and the main
information of Fig. 3 was listed in Table 2. Figure 3 and
Table 2 jointly show journals that published citing documents
related to the theme of PEB were mainly concentrated in
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Fig. 2 The evolution of the research field of pro-environmental behavior from 1979 to 2020
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cluster A: psychology-education-health. Correspondingly, the
reference curve mainly points to the economic-political and
psychological-education-society. This result revealed that
economics-politics and psychology-education-society were
the most important and fundamental theoretical part of the
basic knowledge system of PEB research.

Next, we used the changes of co-citation patterns in A
Dual-Map Overlay map to reflect the evolution process of
basic knowledge of PEB (see Fig. 4). The text data were
processed based on the above-divided time stages. Then, we
use “Show Cocitation Links” function of the software to ob-
tain the co-citation map of the journal in Fig. 4. The co-cited
networks of the three selected time periods were represented
by yellow, red, and blue dotted lines. As strong a Fig. 4, the
research on PEB was related to the following disciplines:
Psychology-Education-Society, Economics-Economic-
Politics, Plant-Ecology-Zoology, Environmental-
Toxicology-Nutrition, Earth-Geology-Geophysics,
Molecular-Biology-Genetics, Systems-Computing-
Computer. Among them, articles in the fields of
Psychology-Education-Society and Economics-Economic-
Politics have received the most citations. The collective cita-
tion behavior shows a different pattern among the three pe-
riods. There was no co-cited data from 1979 to 1990. In con-
trast, from 1991 to 2013, citations were mostly related to dis-
ciplines such as Psychology-Education-Social, Economics-
Economic-Political, Plant-Ecology-Zoology and
Environmental-Toxicology-Nutrition. However, the citation
pattern changed from 2013 to 2019. Researchers began to cite
more relevant disciplines, including Earth-Geology-
Geophysics, Molecular-Biology-Genetics, and Systems-
Computing-Computer. The details of the findings will be
discussed in 4.1.

Co-Occurrence Analysis of Keywords

In order to reveal the main topics and evolutionary processes
related to the theme of PEB, we chose to analyze the key
words of the corrected articles. As mentioned above in section
2.2, 1666 keywords were retained after processing. This study
identified 107 high-frequency keywords which are used by
more than 5 articles for further analysis. First, the Bibexcel
software was used to generate a co-occurrence matrix of 107
rows * 107 columns, Next, the network analysis tool Pajek
software was used to convert the excel file into a .net file, and
finally form a co-occurrence network diagram of high-

frequency keywords (shown in Fig. 5). Figure 6 is a co-
occurrence network diagram based on keywords with a fre-
quency larger than 10.

In the Fig. 5 and Fig. 6, the blue color block represents the
co-occurrence frequency of the keywords. The larger the color
block, the higher the co-citation frequency in the literature.
The network line represents the relationship of the keyword
co-occurrence frequency in the same paper. The more lines
(thicker) originated from a certain key word, the closer the
connection between this key word (Yang et al., 2012), and
the more important of this keyword. To highlight the patterns
among the key words, the keywords with larger color blocks
were placed in the middle of the figure manually. As shown in
Fig. 6, the keywords such as Attitudes, Values, Pro-
environmental behavior intentions, Sustainable consumption,
Education, Tourism, Sustainability, knowledge,
Environmental concern are most prominent among the articles
studying PEB. They are related to the theory of planned be-
havior (TPB), value — belief — norm theory (VBN), norm
activation theory (NAT) and self — determination theory.

To be specific, several groups of high-frequency co-occur-
rence keywords can be obtained by observing the high-
frequency keyword co-occurrence matrix. For instance, most
PEB articles surrounding the keyword “Value” also focus on
keywords such as Attitudes, PEB intentions, Beliefs,
Environmental concern, Personal norms, etc. Another exam-
ple, most PEB articles researching “PEB intentions” also
study Attitude, Values, tourism, etc. While articles concentrat-
ing on the keyword Sustainable consumption more often also
discuss Attitudes, Sustainability, PEB intentions, consumer
behavior, etc. In Fig. 5, although the keywords at the edge
of the map were not the key content of PEB research, some
of them may become hotspot words in the future research,
such as Political orientation and sustainable design.

Cluster Analysis of High-Frequency Keywords

We conducted cluster analysis by using the “VOS clustering”
function in Pajek software. Based on the high-frequency key-
word co-occurrence matrix, 7 clusters were obtained, (see
Fig. 7). The purpose of the analysis is to analyze the level
attribution of various cluster from different levels such as in-
dividual-organization-society. Specifically, the context of
“theoretical basis-theoretical development-theoretical applica-
tion” was used to deeply analyze the knowledge evolution
process presented by various clusters.

Table 2 Main information of Fig.

3 Curve number Citing domain Cited domain
Al Psychology/Education/Health Psychology/Education/Society
A2 Economics/Economic/Politics
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Fig. 3 Dual-map overlay of pro-environmental behavior literature

The cluster analysis results showed that the high-frequency
keywords of PEB could be classified into seven categories
(see Fig. 7). Based on the meaning of every high-frequency
keywords, we labeled the identified seven clusters as:
Environmental cognition, emotion and motivation
process(Cl), Environmental values, attitudes and
knowledge(C2), Pro-environmental intentions, ethical charac-
teristics and practices(C3), Organization sustainable develop-
ment strategy and social responsibility implementation(C4),
Sustainable tourism management(C5), Energy conservation
behaviors’ intervention and changes(C6) and Environmental
policies, norms and Sustainable consumption(C7).

Specifically, C1 was related to the basic psychological pro-
cess factors such as cognition, emotion and motivation that
affect individual PEBs, C2 mainly focused on how individ-
uals’ internal psychological characteristics (such as values and
attitudes) and external variables (such as socio-economic fac-
tors, demographic variables) affect their environmental

Fig. 4 The collective citation
model during three periods
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behavior decisions, C3 explored the relationship between the
ethical variables (e.g., individual’s environmental responsibil-
ity, personal norms, religious beliefs) and various specific
PEBs. C4 was related to the interaction mechanism between
organizational constructs and the PEB of employees. C5 in-
volved the researches on the sustainable development of eco-
tourism and hotel accommodation. C6 was on how interven-
tions such as green rewards and punishments and product
ecological attribute design can increase individual energy sav-
ing behavior, interventions and changes. C7 was mainly con-
cerned with the formulation of environmental governance pol-
icies, the relationship between different types of norms such as
subjective norms, descriptive norms, and imperative norms
and specific PEBs, and the promotion strategies of sustainable
consumption behaviors.

Likewise, these clusters show that the study of PEB has
experienced three evolutionary processes: theoretical founda-
tion, theoretical development and theoretical application.

-

PHYSICS

<.
4, CHEM!STR 5
A mdwu MATHEMAT]CS MECHANICS

10, PLANT, ECOLOC
A %

STEMS, COMPUTING, COMPUTER

14, DERMATOLOGY DENTISTRY “SURGK
5. SHORTS, REHABILITATO|

13. REVISTA PSICO.

73%s3e 9

@ Springer



Curr Psychol

Pro—socx.l behavior \‘,'//
Technolon v
Farmers

Fig. 5 Co-occurrence network of 107 high-frequency keywords

Specifically, C1 and C2 involve psychology-education-
society knowledge, focusing more on individual-level atti-
tudes, values, cognition and other psychological characteris-
tics and intervention measures. Therefore, these studies laid
theoretical foundations for the follow-up multidisciplinary
application of PEB. C3, C4 and C5 are related to the theoret-
ical developments of PEB. At this stage, by integrating theo-
ries from Business, Management, Hospitality (Leisure) and
other disciplines, scholars have expanded the scope of PEB
research from focusing on the individual psychological factors
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to the investigation on the intervention and change of specific
PEBs, organization environmental management, and the real-
ization of responsibilities, and sustainable tourism manage-
ment. Finally, C6 and C7 are related to theoretical applications
of PEB. At this stage, the research on PEB shows a more
diverse knowledge structure. Some researchers drew on the
theories from Green & Sustainable science & Technology,
Science & Technology-other topics, etc. and focuses on the
development of green products at the social level and the
promotion of sustainable consumption; whereas some others
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drew on theories from Energy & Fuels, Engineering, Furthermore, from the perspective of individual-
Environmental and other disciplines, focusing on the interven- ~ organization-society integration, PEB research at the individ-
tion and change of individual energy saving behavior. ual level mainly focuses on individual values, attitudes,
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education, differences in environmental cognition, and inter-
vention and changes in specific PEBs. The PEB research at
the organizational level mainly focuses on leadership, organi-
zational citizenship behavior, and the realization of corporate
social responsibility. The researchers on social aspect is main-
ly concerned with sustainable tourism, the formulation of en-
vironmental policies, environmental regulations and the pro-
motion of sustainable consumption.

Discussion
Developing Trend under the Perspective of Time
The Budding Phase

As shown in Fig. 2, there were only two articles published during
the budding period with a 9-year stagnation. Specifically, as
mentioned previously, Maloney and Ward called on scholars to
pay more attention to human environmental behavior in environ-
ment issues in 1973. To answer the call, researchers drew on
theories and findings from psychology and environmental sci-
ence field to develop environmental psychology. In 1979, the
trend led to a claim from environmental psychologist Borden that
environmental psychology was in its formative period.
Environmental psychology aims to explore the psychological
characteristics and behavioral patterns of people in terms of en-
vironmental activities, and to achieve environmental protection
and harmony between man and nature through various interven-
tion. During the budding period, psychologists began to explore
the formation mechanism of PEB from the perspective of envi-
ronmental psychology, which was given great expectations for
solving environmental problems. For example, Borden
and Schettino (1979) investigated the internal psychological re-
lationship among the three components of environmental atti-
tudes: emotion, cognition, and behavior. They found that (1)
environmental emotion explained 7.9% of the variance variation
of actual commitments, which was higher than the personal
knowledge level (w2 =0.041); (2) Environmental emotion ex-
plained 12% of the variance variation of oral promises; and (3)
while environmental ecological knowledge only accounted for
0.4%. In another article, Buunk (1981) studied the relationship
between utility (measured by the importance of environmental
degradation in the participants’ minds), environmental ecological
knowledge, sense of effectiveness, and PEB. The results show
that environmental ecological knowledge have the highest corre-
lation with PEB, followed by sense of effectiveness and utility.

The Exploratory Phase
From the end of the twentieth century to the beginning of the

twenty-first century, the increasingly severe environmental
problems caused by the third industrial pollution has
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motivated many scholars to study PEB. On the one hand,
the exploratory research on environmental issues from the
perspective of environmental psychology has been continu-
ously deepened and refined in the vertical direction; on the
other hand, the horizontal, interdisciplinary integration also
gradually emerged in this period. Therefore, we label this
period “Exploratory period”.

Specifically, in this period, an increasing number of studies
have explored the impact of individual psychological vari-
ables (such as values, attitudes, beliefs, self-efficacy, etc.) on
the formation mechanism of individual PEBs. Some studies
adopted classical theories, such as Theory of Reasoned
Action, VBN, NAT, TPB, etc., to explain and construct con-
ceptual models of PEB. For example, Chan used TPB to pre-
dict the intention and actual behavior of individuals voluntar-
ily using recycling containers (Chan, 1998). The results of the
experiment conducted by Harland et al. (1999) showed that,
compared with the TPB, the PEB intention and self-reported
environmental protection measures explained by VBN have a
greater variance proportion. However, Kaiser et al. (2005)
showed that, compared to the VBN model, TPB could explain
protective behaviors better.

Moreover, the distinction between general PEB and specif-
ic PEB also attracted attention from scholars. General PEB
refers to behaviors based on universal environmental values
or attitudes, while specific PEB refers to certain specific envi-
ronmental behaviors such as sustainable consumption behav-
ior and recycling behavior (Kaiser, 1998). Some studies have
shown that the implementation of a specific PEB will nega-
tively offset other specific PEB (e.g., Tiefenbeck et al., 2013);
whereas others reported that different environmental behav-
iors are only slightly correlated (e.g., Pickett et al., 1993).
Moreover, researchers recognize that one should not focuses
on only individuals’ behaviors but ignores the interaction be-
tween the persons and the context that they are embedded in
(such as family, workplace, and tourist sites). Such negligence
could result in the systematic bias of research findings. Rather,
it is important to study the interaction between individuals and
social context, and how such interactions affect environment
issues. For example, consumer behaviors could be influenced
by the corporate green marketing strategy (Fitchett &
Prothero, 1999; Cornelissen et al., 2007), the corporate envi-
ronmental strategic decision-making influenced by stake-
holders (Rojsek, 2001; Fairchild, 2008; Fraj-Andres et al.,
2009), the individuals’ PEB at workplace (Daily et al., 2009;
Boiral & Paille, 2012; Paille et al., 2013), the sustainable
management of travel destination taking in account the tourist
demands (Dolnicar & Leisch, 2008), etc. Those factors have
become the focus of the current PEB research.

As for cross-sectional research during “exploratory peri-
od”, researchers have noticed that the study of PEB needs to
incorporate more knowledge from various disciplines.
Psychologist Vlek (2000) argued that solving environmental
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issues shall involve a comprehensive integration of multiple
theories and methods. Moreover, plenty of knowledge from
other disciplinaries is available for such effort. Especially,
knowledges from disciplines such as physics, biology and
economics are crucial for determining other potential elements
of environmental issues (Vlek, 2000). Since then, an increas-
ing number of studies have been conducted on the integration
between disciplinary knowledge of Business, Economics, and
Hospitality and PEBs. For instance, Dolnicar et al. (2008)
have studied environment-friendly tourists. They reviewed
literatures concerning environment-friendly tourist informa-
tion in top and sustainable tourism journals. Their findings
suggest that the tourism-destination managers need to appeal
to the parties with sustainable travel demand by promoting the
sustainable development of tourism destination. However,
there is only a limited number of articles taking this approach.
As pointed out by Young and Middlemiss (2012) the applica-
tion of multi-disciplines and various viewpoints is in urgent
need, and the demand for multi-disciplines shall be the devel-
opment trend in the future.

The Rapid-Growth Phase

We identified 675 articles in the rapid growth phase (2014—
2020). During this period, the research of PEB shows a sig-
nificant cross-integration pattern, such that the theories from
medicine, biology, economics and other disciplines are all
further integrated into the research of PEB. For instance,
Forstman and Sagioglou (2017) found that whoever has the
psychedelic (e.g., Lysergids, Psilocybin) experience can inter-
nally better identify with the natural world, and consequently
improve his/her personal PEBs. Zhang et al. (2017a) used
spatial econometrics models to test the spatial dependence of
carbon dioxide emissions at the provincial level in China.
They discovered that carbon dioxide emissions had a strong
spatial spillover effect, and suggested that all provinces should
strengthen collaboration to mitigate climate change. Toni et al.
(2018) found that the TPB model is also applicable to the
collaborative economy, which is a modern consumption mod-
el based on the concepts of “using is more valuable than
possessing the commodity itself” and “collaboration and shar-
ing” (Rifkin, 2015). They suggested that TPB can achieve the
target of sustainable social development by guiding con-
sumers’ attitude, behavioral intention and behaviors towards
sharing and cleansing. In sum, the aforementioned studies
suggest that interdisciplinary knowledge provides diversified
development directions for the study of PEB, and could play a
direct or indirect role in promoting the ultimate target of eco-
logical sustainability. As the researchers increasingly paid at-
tention to individual attitudes, values and awareness of PEB
during this phase, they carried on a number of employees’
green behavior, leadership, organizational citizenship behav-
ior for the environment, corporate sustainability and other

related aspects in the organization. This line of research con-
cerns with the PEB of individuals in work situations and the
influence of leadership at the organizational level (Kim et al.,
2017). Moreover, macro-concepts such as climate change re-
sponse, recycling, policies and social norms have also
attracted much attention. As such, interdisciplinary research
on PEB was being conducted in full swing in this phase.
Nevertheless, the number of such articles has not reach the
peak. Thus, the increasing PEB research within the past de-
cade shall enjoy a sustained growth from this study.

Analysis of the Three Levels
Individual Level of PEB

C1 Environmental Cognition, Emotion and Motivation Process
The articles in this cluster are based on knowledge from
psychology-education-society subjects, which constitute the
key foundation for the development of PEB theory. The clus-
ter is related to the influencing mechanism of cognition, emo-
tion and other related driving factors on individual environ-
mental protection behavior. Among the mechanisms, emo-
tions are normally defined as dichotomic classification of pos-
itive and negative, which predicts an individual’s PEB (Kals
et al., 1999; Verhoef, 2005; Mkono & Hughes, 2020). For
instance, some researchers advocated cognitive dissonance
theory believe that, people may show a highly positive attitude
towards PEB but a low level of PEB, due to negative emotions
that lead to their cognitive or behavioral correction (e. g.
Vining & Ebreo, 2002; Lu et al., 2020). Moreover, the expect-
ed emotion could be a crucial psychological motivation for
individuals to perform PEBs (Carrus et al., 2008; Amatulli
et al., 2019). The generation of emotion is closely associated
with past experience or past behavior. Likewise, Collado et al.
(2013) proved that children’s natural experience could en-
hance their affinity of emotion towards nature and thus im-
prove their future PEB. In addition, information characteris-
tics such as information sources (e.g., Witzling et al., 2015),
information content (e.g., Pelletier & Sharp, 2008), compati-
bility of information framework and information content (e.g.,
Lee & Oh, 2014), and information dissemination (e.g., Li
et al., 2018) could all possibly affect the extent to which the
recipient supports environmental protection behaviors.

C2 Environmental Values, Attitudes and Environmental
Knowledge Similarly, articles in C2 are also related to psycho-
social — educational — social subjects. The cluster mainly fo-
cuses on internal and external factors that influence PEBs. The
internal factors involve environmental attitudes, values, envi-
ronmental concerns, etc. First, the majority of scholars select-
ed pro-environmental attitudes and values as the pivot of re-
search. Some scholars believed that attitude can well predict
PEBs (Carmi et al., 2015; Arnon et al., 2015); whereas some
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other researchers revealed inconsistencies between attitudes
and behaviors, and had reservations about environmental atti-
tudes (e.g., Weigel, 1983). Furthermore, the predictive effect
of pro-environmental values on PEB has not been completely
validated (Dietz et al., 2005). Second, as for environmental
concern, there is a lack of widely accepted definition. Some
scholars regarded environmental concern as an individual’s
assessment or attitude towards the extent to which his or her
own or others’ behaviors had affected the environment
(Fransson & Garling, 1999), and argued that environmental
concern could be used interchangeably with environmental
attitude (Parsa & Deng, 2008). On the other hand, external
variables (e. g. socioeconomic and demographic factors)
should also be involved in the decision-making process of
individual PEBs. Environmental attitudes could vary accord-
ing to local norms, gender, income, age, living environment
and other factors, which will eventually result in behavioral
differences (Varah et al., 2020). Likewise, the theoretical sys-
tem for differences of factors such as gender, age, and educa-
tion in regard to environmental values and environmental con-
cerns, is being perfected in process.

C3 Pro-Environmental Intentions, Ethical Characteristics and
Practices C3 is related to the theoretical development stage of
multi-disciplinary knowledge integration. Based on the
knowledge of psychology, articles in this cluster investigated
whether PEB intentions are predictive indicators of PEB.
They address the research question by elaborating PEB with
the theory or the extended theory of planned behavior.
Generally, the articles in this cluster focuse on the relations
among individual’s environmental responsibility, personal
norms, religious beliefs and their PEBs PEB intentions
(Kaiser & Shimoda, 1999; Martin & Bateman, 2014; Zhang
et al., 2018a). Furthermore, some articles in this cluster ex-
plored whether there are bound effects (e.g., Tiefenbeck et al.,
2013) or positive spillover effects (e.g., Penz et al., 2019)
among various kinds of PEBs. For example, moral licensing
theory has been used to explain bound effect of PEBs. It is
arguable that psychological permission could be initially pro-
vided for engaging in moral behaviors such as PEB, but the
moral behaviors shall be reduced at a later point in time
(Meijers et al., 2019).

C6 Energy Conservation Behaviors’ Interventions and
Changes The articles in C6 mainly focuses on the incentives
and interventions, such as green reward, punishment, fairness,
product ecological design etc., which could promote individ-
uals’ energy conservation behaviors. Some scholars argued
that, the implementation of external intervention measures
such as reward and punishment could be effective in facilitat-
ing individuals’ energy conservation behaviors in the short
term. However, achieving satisfactory PEBs in the long run
requires incentives and intervention measures focusing on
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individuals’ internal motivation (Webb et al., 2013; Legault
etal., 2020). As one of such incentives, environmental identity
has been found to play a significant role in determining indi-
viduals’ initiative implementation of energy conservation be-
haviors (Whitmarsh & O Neill, 2010; Van der Werff et al.,
2013). For instance, Van der Werff et al. (2013) conducted a
research on the intended use of green energy. Their results
shown that environmental self-identity enhanced individuals’
internal motivation i.e. the sense of obligation in an environ-
mental protection way. This subsequently affected their deci-
sions of green energy use. Similarly, the product design with
interventions aiming at energy conservation mainly relied on
the ecological properties, feedback and guidance (Kuo et al.,
2018). The application of new technology and the adjustment
of electrical device of product attributes should be the effec-
tive means of intervention via design. Additionally, intergen-
erational justice and hedonism could also serve as promoting/
retarding factors that affect individuals’ energy conservation
behaviors.

Organizational Level of PEB

C4 Organization Sustainable Development Strategy and
Social Responsibility Implementation C4 is the theoretical de-
velopment phase of theory integration and involves in-depth
investigation on various disciplinary knowledge. Articles in
this cluster mainly focus on organizational sustainability and
investigate the interactions among organizational manage-
ment practice, leadership and employee green behaviors.

Specifically, these studies reveal that leaders with different
leadership styles or leaders’ environmental attitudes exert various
influence on employees’ green behaviors. For instance, environ-
mentally specific servant leadership, responsible leadership and
leader green behavior have a directly positive impact (Luu, 2020;
Ying et al., 2020; Zhao & Zhou, 2019; Kim et al., 2017) or
indirectly positive effects (Luu, 2019b; Han et al., 2019; Zhao
& Zhou, 2019; Kim et al., 2017) on the employee OCBE.
Perceived organizational support (Afsar et al., 2016; Luu,
2019b) could serves as moderator on this relationship, while
green organizational climate (Priyankara et al., 2018; Khan
et al., 2019) and employees’ motivation to implement PEBs
(Graves et al., 2013; Han et al., 2019) serve as mediator between
leadership and employee OCBE.

Additionally, some studies have shown that organizational
green HRM practices have a positive impact on employees’
green behavior (e.g., Bin Saeed et al., 2019), and there is a
positive relationship between OCBE at team and individual
levels (e.g., Luu, 2019a).

Moreover, articles in this cluster also inspect the realization
path of organizational social responsibility. The realization of
organizational social responsibility requires close collabora-
tions between organizations and stakeholders. Findings of
those articles suggest that environmental sustainability of an
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organization is largely affected by individuals’ environmental
behavior (Bin Saeed et al., 2019). The social responsibility
perceived by employees affects employees’ green behaviors
(e.g., De Roeck & Farooq, 2018) and employees’ organiza-
tional citizenship behaviors for the environment (e.g., Tian &
Robertson, 2019) through the mediating effect of organiza-
tional identification. Furthermore, employees’ green behav-
iors facilitate organizational green performance (Luu, 2019a).

Social Level of PEB

C5 Sustainable Tourism Management CS5 is the theoretical
development phase of mutual integration and focuses on eco-
tourism and hotel accommodation. The sustainable develop-
ment of tourism destinations is closely related to the environ-
mental protection actions of stakeholders. Specifically, tour-
ists are the key actors affecting the sustainable development of
tourism destinations and hotel industry (Wang et al., 2020).
Studies in this cluster have reported that the determinants of
tourists” environment-responsible behavior include travel ex-
perience (e.g., Lee & Jan, 2015), place attachment (e.g., Chow
et al., 2019), recreation experience (e.g., Lin & Lee, 2020),
etc. Meanwhile, other stakeholders, such as management or-
ganizations and residents of tourism destinations, also play
significant roles in the realization process for the sustainable
tourism (e.g., Lee & Jan, 2019). Compared with tourists, res-
idents of the tourism destination have a larger impact on the
ecological environment of the tourism destination (Su et al.,
2018). The hotel industry and hotel employees are also stake-
holders (Rezapouraghdam et al., 2018; Okumus et al., 2019;
Pham et al., 2019) that researchers pay attention to. Research
on tourism destination management agencies, on the other
hand, mostly examine issues related to destination environ-
mental quality (Liu et al., 2019a), destination reputation (e.
g., Suetal., 2019), etc.

C7 Environmental Policies, Norms and Sustainable
Consumption This group of research is in the theory applica-
tion phase of PEBs and mainly focuses on environmental
governance policy and norms research.

To date, the vast majority of countries all over the world
have made lots of efforts to cope with environmental issues,
including establishing national environmental laws and regu-
lations, facilitating and joining global ecological and environ-
mental governance institutions, holding international environ-
mental conferences and concluding international environmen-
tal protection conventions. Nevertheless, actors such as indi-
viduals, localities or nations all face similar social dilemmas in
the face of environmental issues, especially the global ones.
For instance, some individuals or countries are to bear costs
related to implementation of pro-environment actions, which
could benefit the whole world (Carattini et al., 2015). In light
of such social dilemmas, some scholars believe that it is

necessary to establish social norms to constrain individual
behaviors (e.g., Thogersen, 2008), while other scholars point
out that if mutual trust is built between individuals or coun-
tries, it could facilitate more collective environmental protec-
tion behaviors. In other words, trust and policies are comple-
mentary (Joshi et al., 2000; Ostrom, 2009; Carattini et al.,
2015).

Moreover, some other studies have explored whether dif-
ferent kinds of norms, such as subjective/descriptive/injunc-
tive norms, affect specific PEBs in different ways (Zhang
et al., 2018b; Choi et al., 2015;Leoniak & Cwalina,
2019;0ceja & Berenguer, 2009). In addition, some scholars
focused on how to effectively carry out green marketing ac-
tivities and further cultivate residents’ sustainable consump-
tion behaviors. These studies identify various important fac-
tors that affect residents’ sustainable consumption behaviors
include eco-label (Testa et al., 2015; Chekima et al., 2016),
consumers’ personality characteristics (Gordon-Wilson &
Modi, 2015; Trivedi et al., 2015), etc.

Conclusion, Limitation and Further Research
Conclusions

The current research used bibliometrics as the analytical meth-
od to systematically review the literatures on PEB research
during the period of 1979-2020. Citation analysis, co-word
analysis and cluster analysis were conducted to the 1038 lit-
eratures and high-frequency keywords. We draw the follow-
ing conclusions based on our findings:

(1) The study of PEB has gone through three periods, in-
cluding the budding period (1979-1990), the exploratory
period (1991-2013), and the rapid growth period (2014—
2020). The international journals that have published
most relevant articles on PEB include Environment and
Behavior, Journal of Environmental Psychology, and
Sustainability.

(2) The Citation analysis of the literatures shows that the
research of PEB mainly fall into the following discipline
clusters: Psychology-Education-Society, Economics-
Economic-Politics, Environmental-Toxicology-
Nutrition, Plant-Ecology-Zoology, Earth-Geology-
Geophysics, Molecular-Biology-Genetics, and
Systems-Computing-Computer. Specifically, various
subject fields provided theoretical support for the re-
search on PEB. As shown by the number of documents
in the different research fields, PEB research is closely
related to Environmental sciences & Ecology (544),
Environmental studies (397), Psychology (343),
Psychology Multidisciplinary and other disciplines
(239). The research fields of Environmental sciences &
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Ecology, Environmental studies, Education & Education
research, Psychology, Business, etc. are among the first
to see PEB related studies. Later, PEB studies also
emerge in research fields such as Political science,
Government & Law, Sociology, Management,
Hospitality (Leisure), etc. Finally, some researchers in
the other fields, such Energy & Fuels, Geography,
Engineering, Development studies, Ethics, etc., also be-
gan to pay attention to PEB. Nevertheless, papers from
those fields are relatively few.

(3) The co-occurrence analysis on high-frequency keywords
indicates that the hot keywords on PEB are mainly relat-
ed to Attitudes, Values, PEB intentions, Sustainable con-
sumption, etc. Some other, by observing the frequency of
co-occurrence between high-frequency keywords, the
mainstream research content is determined.

(4) The cluster analysis of PEB high-frequency keywords
reveals that these keywords fall into seven clusters. For
further analysis, we divide these clusters into three stages
in the horizontal direction and three levels in the vertical
direction. Specially, as shown in Fig. 7, horizontally, our
analysis identified individual levels such as
‘Environmental cognition, emotion and motivation
process(C1)’, ‘Environmental values, attitudes and envi-
ronmental knowledge(C2)’, ‘Pro-environmental inten-
tions, ethical characteristics and practices(C3)’ and
‘Energy conservation behaviors’ interventions and
changes(C6)’. We also revealed organizational levels re-
lated to ‘Organization sustainable development strategy
and social responsibility implementation (C4)’, as well
as social levels such as ‘Sustainable tourism
management(C5)’ and ‘Environmental policies, norms
and Sustainable consumption(C7)’. Vertically, theoreti-
cal basis level includes C1 and C2. Theory development
level includes C3, C4 and C5; and theory application
level includes C6 and C7.

Limitations

This article still has several limitations. First, although we
have selected the 11 most representative search terms to con-
struct the search formula, the list may not be comprehensive.
And due to the lag of journal publication, the number of an-
nual publications we retrieved may not be real, but all of these
have little impact on the conclusions of entire evolutionary
process study. Second, although Web of science is the core
database widely used in visualization research (SCI and SSCI)
(Liao et al., 2018), the amount of social sciences and human-
ities literature included in the database is probably less than
that of Google Scholar. (Harzing & Alakangas, 2016). We
select Web of science because the search interface of Google
Scholar cannot export the text format recognized by
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bibliometric analysis software (Martin-Martin et al., 2020).
Future research might obtain standardized data from Google
scholar with the help of technologies such as Excel VBA to
further verify our findings. Third, while co-occurrence analy-
sis of keywords is often used to explore the evolution trend of
specific research topics (Chen et al., 2016; Liu et al., 2018;
Chen et al., 2019), the results of such analysis may be limited
by the representative deviation of keywords in some articles.
Therefore, future researchers may need to manually verify the
representativeness of the original keywords in the data set
during the data processing.

Future Research

(1) We suggest that future research topics should be based
on specific social backgrounds and closely follow social
hot issues. Recently, due to the Covid-19 pandemic, the
massive use of medical materials produces a large
amount of waste and domestic garbage, which poses a
serious threat to the ecological balance. In order to pre-
vent the spread of the disease and environmental pollu-
tion, first, governments of all countries need to establish
top-down norms and systems in accordance with the ac-
tual conditions of the country. Seeking the best treatment
plan with the lowest impact on the environment under
the help of technical means and establishing systematic
thinking in each link of classification, collection, trans-
portation, storage, and processing. Second, the joint ef-
forts from the people around the world are needed.
Therefore, it is important for future researchers to answer
questions such as “How to ensure that enterprises work-
ing on the disposal of medical waste consciously fulfill
their environmental social responsibilities and strictly
fulfill the relevant national pollution discharge stan-
dards?” And “in the post-pandemic era, will individual
residents reflect on their own PEBs due to the pandemic,
thereby affecting their own PEBs?”

(2) The environment that we live in a complex symbiotic
system. Currently, most studies investigated merely a
single behavioral agent. Very few researches incorporate
multiple stakeholders within a same symbiotic system
together into a single research framework. Different
stakeholders may exhibit different value pursuit and
interests. This could affect the collaboration and trust
between different stakeholders, which could ultimately
influence the realization of the overall environmental
protection target. Moreover, the internal formation and
influence mechanisms of different PEBs may vary.
Therefore, it is necessary to build a system framework
integrating value pursuit of multiple stakeholders for
PEBs. For example, Lu et al. (2019) discussed the influ-
ence of the pro-environment value fit of employees and
organizations on the relationship among employees’
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3)

“4)

PEBs. He et al. (2018) constructed a dynamic evolution-
ary game model with the three liability subjects, such as
government, tourism enterprises and tourists, in order to
identify the incentive mechanism for promoting the
green development of tourism. As such, previous studies
have mainly focused on how organizations, employees
(individuals), governments affect PEBs. Little attention
has been paid to the influence of communities, third-
party institutions and other stakeholders.

To date, researchers mainly use various statistical
methods to study PEB, including Meta-analysis,
Structural equation modelling, Multilevel regression
analysis, Factor analysis, Path analysis, etc. we maintain
that, in order to achieve the optimization of research
results and to further identify unknown influence vari-
ables, a diversified research method system needs to be
constructed. For example, researchers may utilize
Fuzzy-Set Qualitative Comparative Analysis (fSQCA)
to study PEB. This method is able to analyze a wide
range of small and medium-sized cases by assigning
and calculating condition and outcome variables. The
analysis identifies sufficient or necessary conditions
and key combination of conditions that affect a particular
outcomes (Pappas et al., 2019). Furthermore, fsSQCA can
identify potential asymmetric causal relationships or ex-
planatory relationships (Berg-Schlosser & De Meur,
2009). This method is suitable for exploring unexplored
constructs and causal relationships in the field of PEB.
Another potential technique for PEB study is the elec-
troencephalogram technology, which uses electroen-
cephalography and other equipment to receive the brain
waves of the subject, and identify, decompose and ana-
lyze the frequency of the brain waves to obtain the re-
quired data (Casson et al., 2018). It is suitable for the
research of PEB, which involves mostly more subjective
perception variables. Therefore, future research can use
EEG equipment to improve the accuracy of the measure-
ment results of perception variables. In summary, opti-
mizing experimental design and results requires a com-
bination of a variety of interdisciplinary research
methods or thinking, which is an inevitable trend for
future research in the PEB field.

Existing research on PEB spillover effects focuses on
across PEBs spillover and cross-contextual spillover be-
tween different scenarios. Spillover effects refer to the
impact of interventions on a certain behavior on subse-
quent non-targeted behaviors. When initial measures are
taken to increase the possibility of other subsequent be-
haviors, positive spillover effects might appear
(Truelove et al., 2014; Carrico et al., 2018). By defini-
tion, the spillover effect implies the sequential logic be-
tween the initial behavior and the subsequent behavior.
In the experimental design of most studies, the

description of the measured behavior interval is relative-
ly vague. The PEB 2 is often measured immediately after
the intervention for the PEB 1 is implemented. However,
in real life, the time intervals between PEBs are usually
not fixed. Therefore, we believe that it is necessary to
answer the following questions: When will behavior
overflow occur? How will the time interval between
the initial PEB and the subsequent PEB affect the spill-
over effect?

Nevertheless, the answers to those questions remain un-
clear in literature. Therefore, future research needs to explore
whether the time interval is an important variable that adjust
the spillover process in the future. Furthermore, to date, re-
search on PEB spillovers mainly focuses on the settings of
home and workplace, especially the spillover from the work-
place to the family (Rashid & Mohammad, 2011; Andersson
et al., 2012). There are few studies on PEB spillovers in other
non-work fields apart from family (Nilsson et al., 2017). At
the same time, individuals occupying a position or status in a
particular social structure will have expectations about how to
exercise power or meet others’ expectations about how they
will assume obligations. Therefore, in the future, researchers
may need to investigate PEBs in various context based on
individual role identities. Specifically, they may explore the
mechanism of PEB spillover between homes, workplaces, and
specific public areas (such as dormitory life, entertainment
venues), and identify key elements that can enhance cross-
contextual PEBs.

(5) PEB falls into the category of ethical behavior
(Krettenauer, 2017). In recent years, scholars have ex-
plored the primary reasons for the differences in PEBs
from the perspective of ethical dilemmas, mainly focus-
ing on the choice of a single agent’s dual interest pref-
erences (Czap etal., 2015; Chuang et al., 2016; Lei et al.,
2020), and how this choice affects his or her PEB.
However, individuals are faced with the ethical di-
lemmas of “self-interest” and “altruism” when they im-
plement PEBs (Davis, 2018). Among them, “self-inter-
est” is related to the ethical norms that oneself agrees
with or needs; “altruism” is related to the different ethi-
cal norms that multiple stakeholders agree or expect,
which involves various ethical conflicts. Conflicts in
the field of PEB may be a manifestation of conflicts
between individuals’ own various interests or the inter-
ests of multiple stakeholders. The diverse individual
self-interests, as well as the various interests among mul-
tiple stakeholders form the stratification of interests
framework. In future research, multiple causal chains
within the stratification of interests and ethical dilemmas
could be incorporated into one single research frame-
work to systematically study the internal mechanisms
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that form the ethical dilemma of PEBs. This could pro-
vide a better understanding of how individuals or orga-
nizations practice PEBs consciously.
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