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Global Research Trends in Pro-Environmental  
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Science from 1976-2019: A Bibliometric Analysis
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ABSTRACT
This article aims to investigate from a bibliometric perspective, the pattern and trends 
of the pro-environmental behaviour (PEB) related studies in the field of Computer 
Science over the past 43 years extracted from the SCOPUS database. This is one 
of the early attempts to explicate and describe the patterns of published articles of 
PEB in the field of Computer Science. From the first article traced in 1976 until 2019, 
the total numbers of published documents related to pro-environmental behaviour 
across all disciplines are 2276. However, only 97 documents were found in the field 
of Computer Science. It is noted that the integration of PEB in Computer Science has 
indicated an exponential increase in annual publication rate and this trend appears to 
be evident in developed countries. Specifically, the analysis of productivity according 
to country/region, institution and funding sponsor suggested that the research land-
scapes in particularly in Malaysia are paying attention to the intersection of PEB and 
Computer Sciences. The exploration in the type of publication, source of publication, 
keyword and language analysis provided the orientation, status and trends of the 
topic and potential hints to future studies in this field. Overall, progressive trends in 
publications suggest that the integration of the topic would be continuously published 
and studied in Malaysia as well as among the international community.
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INTRODUCTION 

The assessment report by the Intergovernmental Panel 
on Climate Change addresses the urgent need to mitigate 
human activities and behaviour affecting the environment  
globally.[1] This is known as ‘Pro-Environmental Behaviour’ 
(PEB) which means the positive individual or community 
behaviour towards maintaining a sustainable environment 
by reducing the immeasurable impact of humans towards 
the environment. This positive behaviour ‘that consciously 
seeks to minimise the negative impact of one’s actions on the 
natural and built world’[2] is inclusive in the central theme of 
United Nation’s 17 Sustainable Development Goal.

Weighing the importance of promoting sustainable 
development internationally, the study on PEB has 
demonstrated an expeditious increase across different fields 
of studies. Typically, the human behaviour related studies are 
often found from the perspectives of social sciences, biology/
psychology and humanities domains. However, in line with 

the digital era, the studies that highlight the human behaviour 
by utilising computer technology are gaining its popularity. 
The call to integrate computer technology towards 
understanding and altering human behaviour has started since 
the 1970s but gained its momentum later in the 2000s.[3] In 
recent years, the leverage of Pro-Environmental Behaviour 
(PEB) study has extended from classical psychology, social 
sciences and humanities towards more technical oriented area 
such as Computer Sciences. Despite the volume and variety 
of publications, this phenomenon still receives less attention. 
The potential cultivation of certain targeted behaviours 
includes information technology, programming, networking, 
database design and/or mobile technology. To illustrate these 
evolutionary trends, a bibliometric analysis is conducted. This 
analysis provides a significant insight into the progression and 
distribution of biblio information of published documents 
within a particular research field. 

The extensive analysis of bibliometric regarding PEB found 
in other disciplines includes behavioural studies[4] tourism[5] 

and, economy.[6] Meanwhile, in the discipline of Computer 
Science, the bibliometric analysis inclined towards identifying 
prominent scholars[7] and trends in Computer Science 
subdisciplines such as data sciences and big data,[8] text-mining[9] 
and, computational linguistics.[10] However, to date, this is the 
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first attempt to analyze the bibliometric characterization in 
this mutually exhaustive topic; ‘Pro-Environmental Behaviour 
(PEB)’ within the field of ‘Computer Science’. Thus, the main 
objectives of this article are: (1) to summarise and quantify 
the history of PEB from 1976-2019 and emergence of the 
same topic in Computer Science since 2008; (2) to identify 
the overall application status of the PEB from the perspective 
of ten bibliometric indicators which are years, source, author, 
affiliations, country, type, subject area, keywords and funding 
sponsors; (3) to identify the gaps, challenges and orientation 
for future research. It is hoped that this study may aid 
subsequent researchers to understand, promote and develop 
the PEB through the use of computer technology. 

BACKGROUND

The environment refers to the biotic and abiotic factors 
that affected the survival and development of an organism, 
population, or community. The biotic factors include the 
organisms and their interactions with other organisms. 
Meanwhile, abiotic includes non-living factors such as 
sunlight, soil, air, water and climates. The interactions 
between organism and environment presume as constant and 
dynamic to form an equilibrium state of nature or ‘balance of 
nature’.[11] Consequently, the organisms responded to changes 
in their environment by evolutionary adaptations in structural 
form and behaviour. 

The initial idea of the metaphor known as ‘balance of nature’ 
held by ecologist, philosopher and theologist. The Gaia 
Hypothesis,[12] Herodotus Postulates,[13] divinistic human 
role in the earth[14,15] and Ying and Yang[16] are the striking 
examples of the metaphor in specific communities. The 
majority believes that the environment is naturally balanced 
and any fluctuation in it will revert to its original state.[17] The 
conceptual scaffolding of this idea was going back to the 19th 
century. This idea led to a worldview that nature was best 
left to its own devices and that human intervention into it 
was unrealistic. Simply said, the environments are resilient to 
changes. Therefore, it was accepted that anything that human 
does to the environments; the natural feedback mechanism 
will revert to the equilibrium state. 

Later, the theory was challenged and revoked by ecological 
scientists and mathematicians. For example, chaos theory in 
a hydro system,[18] plant/animal populations dynamics[20,21] 

suggested that nature is complex and dynamic. Even the role 
of the dynamic complexity of the environment is mused, 
debated and argued among the scientist. Generally, it is 
accepted that human behaviour is one of the precursors for 
the sustainability of the environment. Therefore, past studies 
show that the human behaviour is claimed as the crucial factor 
in determining the environment to be in a favourable state for 
earthlings.[22,23,24] Contradicted to the concept of ‘balance of 

nature’, the newly proposed term to show the opposite idea 
of the metaphor such as ‘anti balance of nature (ABON)’, 
‘imbalance of nature’ or ‘flux of nature’.[25] The new paradigm 
shift premises that environment is ‘dynamic and highly variable 
with open-ended trajectories contingent upon proceeding 
events’.[26] In other word, environments are delicate, fragile 
and should be sustained by humans. The new paradigm is 
widely accepted in other disciplines outside ecology.[27-29]

In the 2000s, the term ‘sustainability’ started to be the central 
idea in research agenda related to the environment in pure 
science, applied science and humanities. The lexical link 
between ‘sustainability’ and ‘environmentalism’ is quite 
recent. The concept of environmental sustainability begins 
the ‘environment-conscious’ movement since Rachel 
Carson’s seminal work published in 1962.[30] In the 1980s, 
the popularity of ‘sustainability’ term skyrocketed when 
the International Union for the Conservation of Nature 
published the World Conservation Strategy, including an 
entire section called “Towards Sustainable Development”. 
[15] Since then, to perpetuate the environment, the campaign 
to modify human behaviour started to upscale to the global 
level. The focal theme of the call is to develop a favourable 
environment by altering human attitudes and behaviour. 
Collectively, the positive acts displayed by the human in 
response to its environment known as Pro-Environmental 
Behaviour (PEB) Kollmuss and Agyeman (2002) provided the 
most cited definition of ‘PEB’. PEB refers to ‘behaviour that 
consciously seeks to minimise the negative impact of one’s 
actions on the natural and built world’. Meanwhile, Steg and 
Vlek (2009) stated that pro-environmental is behaviour that 
is intended to minimise one’s negative impact on the natural 
environment. Both definitions highlighted the ‘conscious or 
intentional act,’ which indicates the contemplative and careful 
thought, considering the activity or action that benefited 
the environment. The examples of pro-environmental 
behaviour[31] are diverse but not limited to recycling, reuse 
of products, reduction of waste production, use of non-toxic 
substances, purchase of energy-efficient appliances, reduced 
driving and flying, buying seasonal and local foods, reducing 
room temperature, limiting hot water use, eliminating standby 
electricity, supporting and environmental organisations. The 
studies that concern PEB in the specific demographic variables 
directly or indirectly include gender and ethnic-racial,[32-35] 
biological variables,[36-38] social and workplace,[39-42] cognition 
and learning.[43,44] This positive behaviour did not only regard 
as individual behaviour but also as pro-social behaviour which 
in turn the studies related to PEB covers in psycho-social 
studies as well.[45-49] Rapidly, studies concerning PEB started 
to propagate in many areas. As compared to earliest study on 
environmentalism among ecologist, geographer, theologist 
and mathematician, the PEB studies resonate in cognitive 
science,[50-52] education,[53] management,[54] neuroscience[55] 
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of both; technology from Computer Sciences perspectives 
and pro-environmental behaviour from behavioural science 
perspectives, could yield towards a better understanding of the 
typical tendencies of human cognition, emotion and action 
with a much holistic point of view. The focus in this article 
is to understand the publication trends using bibliometric 
analysis towards exploring the computer-based technological 
integration in promoting pro-environmental behaviour 
directly or indirectly. 

Bibliometric analysis

The classical definition of bibliometrics is statistical and 
mathematical methods to books and other media of 
communication”.[84] Bibliometrics (or scientometrics) is 
the quantitative analysis and statistics of publications and 
bibliography output in various reputable mediums to 
understand emerging trends and the knowledge structure 
of a research field.[85] The quantitative measurement of 
publication of PEB in SCOPUS allows the past years trend 
overview, latest developments and future trends. Although 
the result is not exhaustive as an in-depth review of related 
literature, bibliometric analysis demonstrates the opportunity 
for exploring the gaps and new frontiers in research. 

Based on comparative research[86] on several databases have 
concluded that, in recent years, SCOPUS database has gained 
attention for bibliometric studies, especially from developing 
countries. As this database is published by Elsevier, it has 
been used for a variety of purposes such as determining the 
scientific indicators, selection of journals, scientific output 
evaluation, forecasting the research potential and standard 
tool for policy and management in research for the past 
decades.[87] Therefore, considering this database advantage 
and importance, the pieces of literature in this study were 
retrieved from SCOPUS. Bibliometric analysis is considered 
as one of the reliable methods for quantitative analysis of 
documents published in the specific discipline of study.
[22,87-95,96] This analysis employs statistical techniques, which 
include learning the patterns in literature characteristics of a 
particular topic of interest; weighing the authors, institutions, 
countries/region, and journal of interest and discover the 
research trends. The technique involves the extraction of vital 
information from a large number of documents and provides 
a piece of necessary descriptive information and objective 
reference for retrospective analysis. 

METHODOLOGY 

By searching for “pro-environmental behaviour”, all the 
publications record were extracted based on the online 
database of the SCOPUS citation index. Specifically, the 
search began by setting the query string to TITLE-ABS-KEY 
(“pro-environmental behaviour” OR “pro-environmental 

and engineering and architecture[56-60] and computer science.[3] 
The increasing attention to PEB has shifted from psychology, 
biological sciences and social sciences toward, the application 
of the PEB in the future will continue to increase and involve 
more topics including technology-oriented fields such as 
Computer Sciences and technology.

PEB in the field of Computer Science 

Behavioural sciences systematically analyzes and investigates 
human behavior through scientifically sound, and descriptive 
explanations of judgements and decisions making. As discussed 
previously, the earliest study concerning pro-environmental 
behaviour has drawn attention from environmental 
psychologists who attempted to explain and understand the 
factors that moulded individual pro-environmental behaviour.
[61,62,63] Being focal, pro-environmental related research has 
widen to other disciplines, indicating this theme has been 
approached from different angles. Past studies showed that a 
variety of influencing factors have been identified, including 
demographic variables (e.g., age, gender), social-psychological 
constructs (e.g., attitudes, social norms) and situational factors 
(e.g., infrastructure, incentives).[31] In parallel with remarkable 
progress in PEB, computer scientists has embarked on exploring 
this aspect as well. As computer technologies have penetrated 
in most aspects of human life, the reliance on technology 
in this era could either affect ecologically in a damaging or 
benefiting manner. For instance, improper technotrash disposal 
upsets the ecosystems[64-68] but the advantages of the paperless 
communication[69] are possible to reduce deforestation for 
paper production. On the other hand, several studies has 
documented the positive relationship between computer 
technology integration in promoting PEB.[70-72] Still, the 
impact of technology towards the environment is inconclusive; 
the advancement in technology is rapidly pervasive and has 
changed the behaviour of people who interact with the world. 
This scenario attempted the merge of computer technologies in 
behaviour studies potentially involving ubiquitous computing 
and IoT,[73] multimedia,[74] artificial intelligence,[75,76] artificial 
behaviour,[77] human-computer interaction[78] computational 
trust,[79] and autonomous systems.[80] Computer technology, 
along with PEB, could potentially reboot the health of our 
nature. Pedersen, claimed that, compared to the conventional 
approach in behaviour science, the nature of Computer 
Science research involves systematic analysis and investigation 
of studied behaviour through naturalistic observation and 
controlled scientific experimentation.[81] Therefore, computer 
scientist attempts to provide legitimate and objective 
conclusions through rigorous formulations and observations. 
In contrast to traditional behaviour science, which includes 
psychology, psychobiology, criminology and cognitive 
science; the rational and normative seek to understand on how 
one behaves; ideally[82] or rationally.[83] However, assimilation 
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The increasing trends from both data (Figure 1 and Figure 
2) are relatable with the overarching paradigm on the 
sustainable development of the United Nations. The United 
Nations Conference on the Human Environment in 1972 and 
followed by Bruntland Commission Report in the years of 
1987[99] has initiated the themes of “development that meets 
the needs of the present without compromising the ability 
of future generations to meet their own needs” in global. As 
research associated with PEB was always addressed as one 
of the crucial aspects of sustainable development, this theme 
serves as the backbone of studies related to PEB across all 
disciplines. From the released framework and initiatives for a 
future plan by United Nation, it is expected that these similar 
thematic trends would continue to flourish until 2030.[100] 

Distribution of subject Area 

The 2276 documents that are published which highlighted 
the PEB are found across 27 subject areas which are Social 
Science, Environmental Science, Business, Management and 
Accounting, Psychology, Energy, Economics, Econometrics 
and Finance, Engineering, Agricultural and Biological 
Sciences, Computer Science, Arts and Humanities, Medicine, 
Earth and Planetary Sciences, Mathematics, Decision 
Sciences, Biochemistry, Genetics and Molecular Biology, 
Multidisciplinary, Nursing, Neuroscience, Chemical 
Engineering, Physics and Astronomy, Health Professions, 
Materials Science, Chemistry, Pharmacology, Toxicology and 
Pharmaceutics, Veterinary, Immunology and Microbiology. 
Table 1 shows the top ten paper counted in the respective 
subject area. Apparently, these subject areas portrayed the three 
pillars of sustainable development by the UN (i.e. economic, 
socil, and environmental). As such, this trend suggested 
that the research concerning PEB promotes area of research 
among the social science, environmental science, business, 
management and accounting, psychology and energy area of 
study compared to the other subject areas. 

According to the SCOPUS classification system of a subject, 
a document may include more than one subject area. Indeed, 
from the entire 97 documents published in the area of 
Computer Science, 86 of the documents concerning PEB in 
the field of Computer Science were also belonged to 13 other 
subjects, including engineering, mathematics, social sciences, 
environmental science, business, management and accounting, 
decision sciences, energy, arts and humanities, neuroscience, 
psychology, biochemistry, genetics and molecular biology 
and chemical engineering. The distribution is shown in 
Figure 3. Among the 97 documents, 63.0% of them are cross-
discipline with engineering, mathematics, social sciences, 
environmental science and business.

behavior”) and the search conducted on 26th April 2020 
and assigned ‘without any limitation’. The first document 
published regarding PEB was in the year of 1976.[61] Therefore, 
the time frame limit for this analysis was set from 1976-2019. 
The electronic search outputs are conducted and downloaded 
on the same day (26th April 2020) to avoid any updates on 
the database. Accordingly, 2276 hits were returned. Then, 
from the same output, the documents published in Computer 
Science identified. From the output, the total number of 
published document in Computer Science concerning PEB 
is only 97, with the earliest publication were in 2008.[97] 
The selected result of the “full record and cited references” 
for each document in batches was exported in XLS format 
for subsequent analysis. The analysis by the database system 
was also recorded. For further analysis, both records were 
performed with a manual examination to eliminate irrelevant 
literature and later analysed using Microsoft Excel. 

The data was extracted and analysed according to the 
guidelines by Reuthers (2008) without any modification.[98] 
While proposing new technique would facilitate comparison 
with the results of other studies, the standard-technique 
chosen in this article was tailored with the research objectives. 

RESULTS AND DISCUSSION

Based on the data retrieved from the SCOPUS database, the 
ten bibliometric indicators used are years, source, author, 
affiliations, language, country, type, subject area, keywords 
and funding sponsors. According to the guide of bibliometric 
data evaluation by Reuters (2008), paper count provides the 
raw data for all citation analyses. The examinations of the 
analysis are in two-fold: first, the overall PEB related document 
across discipline and second, focuses explicitly on document 
constituents in computer science per se. 

Annual publication rate and first publication 

Figure 1 displays the annual trends in the published document 
of PEB across all disciplines. Altogether, 2276 documents 
were published from 1976-2019. The number of annually 
published documents has steadily increased with minor 
fluctuation since 2000, reaching the highest number of 431 
documents, in 2019. From 2000 to 2019, the average annual 
rate of publications reached was 98.63% 

Figure 2 shows that from the extracted data of PEB in 
Computer Science, the first publication was in 2008. Since 
then, the publication rate increased but still less than a total of 
17 documents per year. The highest publication was in 2018, 
which comprised 17 documents. From both growth rates, it 
indicated the increase in research activity PEB in general and 
in Computer Science specifically.
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low cost. This marketing strategy might attract scholars and 
authors in the mentioned area. The third highest source of 
publication is ‘Conference on Human Factors in Computing 
Systems Proceedings,’ which published documents in the field 
of human-computer interaction since 1982. Besides staying 
relevant and stable publication rate over long years, other 
characters such as publication frequency, the disciplinary-
focused, wide spectrum of authentic documents, quick review 
and/or relatively low-cost publication are the unique vital 
characters that draw authors’ attention to publish their work 
at the identified source. 

Countries and regions 

According to the statistical method, the countries and regions 
cover the information of all the authors in each document. 
In-regards with PEB publication regardless the subject area, 
top 15 countries/regions contributed to the most significant 
publications are United States (511), United Kingdom (367), 
Australia (214), Germany (156), Canada (139), China (118), 
Spain (116), Netherlands (86), Italy (84), Sweden (79), France 
(70), Japan (62), South Korea (61), Malaysia (56) and New 
Zealand (44). From the listed countries, it seems the large 
and populous countries have made significant contributions 
to the PEB related documents. The top five countries are 
paying attention to environmental policy practice and 
investing in scientific research and scholarly attention.[22] 
As one of the representatives from Southeast Asia, Malaysia 
is one of the highest contributors in publication. The data 
reflected the Malaysia Government policy towards sustainable 
consumption. Malaysian researchers have attached the great 
interest in publishing academic journals on environmental 
behaviour and sustainability.[101]

Scrutinising the publication record on the area of science 
computer, the analysis of the 97 identified documents showed 
a fascinating spectrum regarding geographical distribution. 
Figure 4 shows the top 10 contributing countries and regions in 
descending order are as follow: United Kingdom (20), United 
States (14), Canada (9), Australia (6), Spain (6), Germany (5), 
Malaysia (5), Netherlands (5), Portugal (5) and Denmark (4). 
Most of the countries, as mentioned earlier, are the frontiers 
in computer and technological advancement, indicating that 
these countries/regions have a relatively healthy influence on 
the application of the PEB to Computer Science research. 
Again, amongst the developed western countries, Malaysia 
is the only developing country in Southeast Asia, showing 
interest in publishing studies about PEB in Computer Science. 
Apparently, the evidence in the ranking indicates the positive 
feedback from the academic community towards the plan 
by Ministry of Higher Education Malaysia to promote the 
Industrial Revolution 4.0 across all the disciplines of study.[102] 

The outstanding institution, researcher and funding 

Type of publication and primary source journals

The 2276 documents are ranged from different types and 
sources of publications. From the analysis, the top 5 published 
documents from 12 are article, conference paper, book chapter, 
review and book. The lists of the top 10-source journals 
concerning the number of publications, which accounted for 
approximately 35.18% of the 155 sources of publications 
1)   Journal of Environmental Psychology 
2)   Sustainability Switzerland 
3)   Journal Of Cleaner Production 
4)   Environmental Education Research 

5)   Environment And Behaviour
6)   Journal Of Sustainable Tourism 
7)   Frontiers In Psychology 
8)   Ecological Economics 
9)   PsyEcology 
10)   Resources Conservation And Recycling 

The listed journals suggested as the most influential journals 
in applying the PEB across all areas over the past decades. 
From the rank of publication sources, the top three journal 
official websites of the sources identified to understand this 
publication pattern. The highest source is from The Journal 
of Environmental Psychology, which was established since 
1980an that accepted multidisciplinary publications regarding 
human-environment interaction. Thus, the accumulated 
publication over the long years has reached 135 documents. 
Compared to the Journal of Environmental Psychology, 
The Sustainability Switzerland (or Sustainability) journal 
is initiated in 2009 but releases numerous publications 
(bimonthly publication) and rapid review. Journal of Cleaner 
Production has more focused disciplines even started in 1997, 
but similar to Sustainability, this journal releases annual issues 
frequently (about 36 issues per year). Focusing on Computer 
Science, another analysis is conducted to precisely identify the 
prominent publication source of PEB in Computer Science of 
97 identified documents. 

From the findings, the 97 documents searched in this database 
were published in 34 different publication sources. The 
highest contributor is ‘Lecture Notes in Computer Science, 
including subseries lecture notes in artificial intelligence and 
lecture notes in bioinformatics.’ It published a broad spectrum 
of document types that comprise the book, eBook, conference 
proceedings, book series, textbooks and primary reference 
works from distinguished authors, specifically in the areas 
of Computer Science. Then, the second-highest documents 
contributed by the ‘ACM International Conference 
Proceeding Series’. This proceeding series published the 
document in all areas of computing and IT at a relatively 
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University of Toronto and Aalborg Universitet. Alonso-
Betanzos, A., Craig, T., Fontenla-Romero, O., Sánchez-
Maroño, N. and Becerik-Gerber, B. actively published the 
document in the Computer Science field. Nonetheless, the 
National Science Foundation, Ministry of Higher Education 
of Malaysia, Deutsche Forschungsgemeinschaft, European 
Commission and Foundation for Fundamental Research on 
Matter are the top funding sponsors in studies of PEB in 
Computer Sciences. 

Keywords and language analysis

Keywords are descriptive words that concisely reflect the 
content, theme and methodology of a document. The 2276 
documents retrieved in this study contain 193 keywords. 
The most frequent keyword includes the variations of the 
spelling of PEB, such as ‘Pro-environmental Behavior,’ 

sponsor

Focusing on published document in PEB, the leading 
institutions are the University of Queensland, University 
of Groningen, Universidad de Sonora, University of Leeds 
and Sejong University. Meanwhile, the top 5 most depicted 
authors are Steg, L., Corral-Verdugo, V., Han, H., Milfont, 
T.L. and Fielding, K.S. From the extracted database, the most 
frequent sponsors for the fund are from the National Science 
Foundation, National Natural Science Foundation of China, 
Economic and Social Research Council, Social Sciences and 
Humanities Research Council of Canada and Australian 
Research Council. 

Meanwhile, the top 5 affiliations of the documents with the 
integration of PEB in Computer Sciences are The James Hutton 
Institute, Universidade da Coruña, University of Salford, 

Figure 1: Total publications (accumulated) of PEB across discipline between 
1976 and 2019.

Figure 2: Total publications (accumulated) of PEB in Computer Science  
between 2008 and 2019.

Figure 3: The distribution of documents in Computer Science according to 
the subject.

Figure 4: Distribution of document in Computer Science according among 
the top ten contributing country.
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compared to other disciplines. Even though the emergence 
of first published documents of PEB-Computer Science 
relatively present compared to other disciplines, the trend 
of publication rate is steadily progressing. Thus, there is still 
much to discover in studies that combining both PEB and 
Computer Science. 

From the overview of past published documents, the types 
of publications, in general, are 12, but there are only three 
types in Computer Science. The sources of publication are 
varied according to the different unique key characteristics 
of identified journals. The majority of the leading countries 
in terms of document productivity, in general, or specific in 
Computer Science, are inclined towards a more populous and 
developed country. The outstanding institution, researcher, 
funding sponsor, keyword and language are also identified. It 
can be summarised that the studies linked PEB in Computer 
Science are gaining a positive pace in publication and expected 
to increase with many diverse types of publications and cover 
more sources and various keywords. Nevertheless, most of 
the publications would be in English and expected to have a 
similar pattern in the future. 

However, the interpretation of the result and discussion in 
this study are subjected to several limitations. This research 
refers to documentation in the SCOPUS database only. The 
publication of documents in other databases that do not 
overlap with SCOPUS and non-indexed journals that are not 
accessible through the mentioned database are not accounted 
for the analysis. 

CONCLUSION AND FUTURE WORK

In conclusion, PEB-related documents in Computer Sciences 
make up a subject matter that has been recently developed 
and currently leads to remarkable important for academics, 
scholars and practitioners. The revolution of PEB could be 
explained by the diverse of scholars approaching this issue 
from different perspectives, which in turn indicate the intense 
interest that this research topic has presented in general and 
in the field of Computer Science particularly. The analysis 
of productivity according to country/region, institution and 
funding sponsor suggested that the research landscapes in 
Malaysia are paying attention to the intersection of PEB in 
Computer Sciences. This area of research (PEB in Computer 
Science) is predicted to flourish with remarkable progress 
as it supports the National Policy on Environment[103,104] 
which later empowered with Big Data NRE Implementation 
Initiatives and ICT Strategic Plan in 2016[105,106] by Ministry of 
Water, Land And Natural Resources, Malaysia. To conclude, 
the emergences of technological integration in understanding 
and promoting specific PEB are interdisciplinary and require 
the cooperative network among the expert in a different field 
to work together. In short, behavioural studies integrated 

‘Pro-environmental Behaviour’ and ‘Pro-environmental 
Behaviors’. Besides, the related keywords frequently occur 
with PEB are ‘Sustainability,’ ‘Climate Change’, ‘Sustainable 
Development’, ‘Human’, ‘Environmental Protection’, 
‘Environmental Attitudes’ and ‘Environmental Education’. 
The related keyword indicates the field, subfield, topic, 
research issue, predictor, variables and themes in PEB. From 
the acquired data, the keywords are human and environment 
and the interaction of both. The majority of documents are 
in English (2210) and followed by Spanish (45), French (9), 
Portuguese (8), Croatian (3), Japanese (3) and others. 

Meanwhile, the top 10 frequently used keywords in all 
97 English-written documents are ‘Pro-environmental 
Behaviors’, ‘Sustainable Development’, ‘Behavioral Research’, 
‘Pro-environmental Behavior’, ‘Sustainability’, ‘Environmental 
Technology’, ‘Human Computer Interaction’, ‘Information 
Systems’, ‘Decision Making’, ‘Energy Utilization’, ‘Social 
Networking’ and ‘Persuasive Technology’. As compared 
to the comprehensive research of PEB, not surprisingly in 
Computer Science, most of the combined keywords with PEB 
are the application of content knowledge of the Computer 
Science area in behavioural studies. 

Limitations 

This study presents a bibliometric analysis of the literature 
published in the SCOPUS database on PEB between 1976 
and 2019 in general. Subsequently, a more focused analysis of 
the retrieved documents in regards to the Computer Science 
subject area is also reported. The analysis shed some light on 
the evolution of publications in PEB according to the ten 
bibliometric indicators, as previously discussed. 

The publication rate in PEB was increasing exponentially 
and expected to remain the same trends in the future. 
The distributions of PEB according to the subject area are 
more inclined towards fields related to economic, social 
and environmental. The analysis also remarked the lack of 
empirical studies that integrate PEB in Computer Science 

Table 1: The number of documents published across 27 subject areas.

Subject Area Documents 

Social Science 965

Environmental Science 927

Business, Management and Accounting 508

Psychology 444

Energy 295

Economics, Econometrics and Finance 239

Engineering 221

Agricultural and Biological Sciences 109

Computer Science 97

Arts and Humanities 95
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of Science, 16(4), 393-406. 
12.  Grace, J. (2019). Has ecology grown up? Plant Ecology & Diversity, 12(5), 387-

405. doi:10.1080/17550874.2019. 1638464
13.  Corman, J. R., Collins, S. L., Cook, E. M., Dong, X., Gherardi, L. A., Grimm, N. 

B., Sala, O. E. (2019). Foundations and Frontiers of Ecosystem Science: Legacy 
of a Classic Paper (Odum 1969). Ecosystems, 22(5), 	1160-1172. doi:10.1007/
s10021-018-0316-3

14.  El-Shaarawi, A. H., & Piegorsch, W. W. (2001). Encyclopedia of environmetrics 
(Vol. 1): John Wiley & Sons.

15.  Mitcham, C. (1995). The concept of sustainable development: its origins 
and ambivalence. Technology in 	 Society, 17(3), 311-326. doi:https://
doi.org/10.1016/0160-791X(95)00008-F

16.  Jelinski, D. E. (2005). There is No Mother Nature-There is No Balance of Nature: 
Culture, Ecology and 	 Conservation. Human Ecology, 33(2).

17.  Taylor, M. W. (2015). Herbert Spencer and the metaphysical roots of evolutionary 
naturalism. In The Age of 	 Scientific Naturalism (pp. 87-104): Routledge.

18.  Kirchner, J. W. (2002). The Gaia Hypothesis: Fact, Theory, and Wishful Thinking. 
Climatic Change, 52(4), 391-	 408. doi:10.1023/A:1014237331082

19.  Pasternack, G. B. (1999). Does the river run wild? Assessing chaos in 
hydrological systems. Advances in Water Resources, 23(3), 253-260. doi:https://
doi.org/10.1016/S0309-1708(99)00008-1

20.  Suárez-Vergne, Á. (2018). Environmental behavior in Europe. An analysis of 
collaborative consumption. 	 Revista Espanola de Sociologia, 27(3), 491-510. 
doi:10.22325/fes/res.2018.29

21.  Cushing, J. M., Costantino, R. F., Dennis, B., Desharnais, R., & Henson, S. M. 
(2002). Chaos in ecology: experimental nonlinear dynamics: Elsevier.

22.  Rosa, C. D., Collado, S., & Profice, C. C. (2018). Measuring Brazilians’ 
environmental attitudes: A systematic 	 review and empirical analysis of the 
NEP scale. Current Psychology. doi:10.1007/s12144-018-0061-y

23.  Palupi, T., & Sawitri, D. R. (2018). The Importance of Pro-Environmental Behavior 
in Adolescent. Paper 	 presented at the 2nd International Conference 
on Energy, Environmental and Information System, ICENIS 	 2017.

24.  Steg, L., & Vlek, C. (2009). Encouraging pro-environmental behaviour: An 
integrative review and research 	 agenda. Journal of Environmental 
Psychology, 29(3), 309-317. doi:10.1016/j.jenvp.2008.10.004

25.  Hovardas, T., & Korfiatis, K. (2011). Towards a Critical Re-Appraisal of Ecology 
Education: Scheduling an 	 Educational Intervention to Revisit the ‘Balance 
of Nature’ Metaphor. Science & Education, 20(10), 1039-	 1 0 5 3 . 
doi:10.1007/s11191-010-9325-0

26.  Jelinski, D. E. (2005). There is No Mother Nature-There is No Balance of Nature: 
Culture, Ecology and Conservation. Human Ecology, 33(2). 

27.  Dunlap, R. E., Van Liere, K. D., Mertig, A. G., & Jones, R. E. (2000). New trends 
in measuring environmental attitudes: measuring endorsement of the new 
ecological paradigm: a revised NEP scale. Journal of social issues, 56(3), 425-
442.

28.  Bernstein, J., & Szuster, B. W. (2019). The new environmental paradigm scale: 
Reassessing the operationalization of contemporary environmentalism. Journal 
of Environmental Education, 50(2), 73-83. doi:10.1080/00958964.2018.1512946

29.  Lau, J. L., Hashim, A. H., Samah, A. A., & Salim, A. S. S. (2016). Understanding 
the environmental worldviews of Malaysian project managers. Smart and 
Sustainable Built Environment, 5(4), 307-324. doi:10.1108/SASBE-06-2016-0012

30.  Lytle, M. H. (2007). The gentle subversive: Rachel Carson, Silent Spring, and the 
rise of the environmental movement: Oxford University Press.

31.  Sollberger, S. (2015). Pro-environmental Behavior: A Psychobiological 
Perspective: Cuvillier Verlag.

32.  Kim, M. R., & Han, S. J. (2017). Factors influencing the pro-environmental 
behavior of women’s college students in Korea. Information (Japan), 20(3), 
1545-1552. 

33.  Liu, Z., & Feng, S. (2019). Linking political attitude and pro-environmental 
behaviors in China. Applied Economics 

34.  Ghazali, E. M., Nguyen, B., Mutum, D. S., & Yap, S. F. (2019). Pro-environmental 
behaviours and Value-Belief-Norm theory: Assessing unobserved heterogeneity 
of two ethnic groups. Sustainability (Switzerland), 11(12). doi:10.3390/
su10023237

35.  Dietz, T., Kalof, L., & Stern, P. C. (2002). Gender, values, and environmentalism. 
Social Science Quarterly, 83(1), 353-364. doi:10.1111/1540-6237.00088

36.  Boeve-de Pauw, J., & Van Petegem, P. (2017). Because my friends insist or 
because it makes sense? Adolescents’ motivation towards the environment. 
Sustainability (Switzerland), 9(5). doi:10.3390/su9050750

37.  Subiza-Pérez, M., Santa Marina, L., Irizar, A., Gallastegi, M., Anabitarte, A., 
Urbieta, N., . . . Ibarluzea, J. (2020). Who feels a greater environmental risk? 
Women, younger adults and pro-environmentally friendly people express higher 
concerns about a set of environmental exposures. Environmental Research, 
181. doi:10.1016/j.envres.2019.10891

38.  Çoker, E. N., & van der Linden, S. (2020). Fleshing out the theory of planned 
of behavior: Meat consumption as an environmentally significant behavior. 
Current Psychology. doi:10.1007/s12144-019-00593-3

39.  Burke, J., & Running, K. (2019). Role identities and pro-environmental 

with Computer Science technology can be more fruitful and 
venues of exploration. 

Although it is exhaustive, the existing technique used in this 
study is a simple descriptive analysis. Likewise, the bibliometric 
indicators selected in this study are frequently used to measure 
the quality and quantity of the publication.[98] However,[107]  
argued that the measure does not manifest the actual quality 
of the document. For future studies, researcher might consider 
conducting a bibliometric analysis incorporating more than 
one database, which reaches a better perception of the topic. 
Additionally, researcher could also use a citation-related and 
structural indicator to facilitate the comparison of previous 
work from the similar domain. Futhermore, the citation-related 
measures the impact of documents and structural indicator 
that gives attention in the relationships between indicators 
via sociograms. A much complex analysis using qualitative 
approach complements with the quantitative bibliometric 
analysis will allow a comprehensive understanding of the 
topic. 

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENT

The research is funded by the Long Term Research Grant 
Scheme (LRGS- Development of Educational Modules-203.
PKOMP.67217001) by the Ministry of Education Malaysia 
and managed by Universiti Sains Malaysia.

REFERENCES
1.  International Monetary Fund (IMF). 2019. Fiscal Monitor: How to Mitigate 

Climate Change. Washington, October.
2.  Kollmuss, A., & Agyeman, J. (2002). Mind the Gap: Why do people 

act environmentally and what are the barriers to pro-environmental 
behavior? Environmental Education Research, 8(3), 239-260 doi: 
210.1080/13504620220145401 

3.  Farisi MI. Developing the 21st-Century Social Studies Skills through Technology 
Integration. Turkish Online Journal of Distance Education. 2016 Jan;17(1):16-30.

4.  Si, H., Shi, J. G., Tang, D., Wen, S., Miao, W., & Duan, K. (2019). Application 
of the theory of planned behavior in environmental science: a comprehensive 
bibliometric analysis. International Journal of Environmental Research and 
Public Health, 16(15). doi:10.3390/ijerph16152788

5.  Ruhanen, L., Weiler, B., Moyle, B. D., & McLennan, C. L. J. (2015). Trends 
and patterns in sustainable tourism research: A 25-year bibliometric analysis. 
Journal of Sustainable Tourism, 23(4), 517-535.

6.  e Silva, M. C., & Teixeira, A. A. (2011). A bibliometric account of the evolution of 
EE in the last two decades: is ecological economics (becoming) a post-normal 
science?. Ecological Economics, 70(5), 849-862.

7.  Bakri, A., & Willett, P. (2011, March). Computer science research in Malaysia: a 
bibliometric analysis. In Aslib 	Proceedings: new information perspectives (Vol. 
63, No. 2-3, pp. 321-335). Emerald Group Publishing Limited.

8.  Raban, D.R., Gordon, A. The evolution of data science and big data research: A 
bibliometric analysis. 	 Scientometrics 122, 1563–1581 (2020). https://
doi.org/10.1007/s11192-020-03371-2

9.  Yu, D., Xu, Z., Pedrycz, W., & Wang, W. (2017). Information Sciences 1968–2016: 
a retrospective analysis with 	 text mining and bibliometric. Information 
Sciences, 418, 619-634.

10.  Radev, D. R., Joseph, M. T., Gibson, B., & Muthukrishnan, P. (2016). A bibliometric 
and network analysis of the 	 field of computational linguistics. Journal of the 
Association for Information Science and Technology, 67(3), 	 683-706.

11.  Zimmerman, C., & Cuddington, K. (2007). Ambiguous, circular and polysemous: 
students’ definitions of the “balance of nature” metaphor. Public Understanding 



Mustafa, et al.: Research Trends in PEB Comp. Sci.- Bibliometric Analysis 

144� Journal of Scientometric Research, Vol 9, Issue 2, May-Aug 2020

behavior among farmers. Human Ecology Review, 25(1), 3-22. doi:10.22459/
her.25.01.2019.01

40.  Chua, K. B., Quoquab, F., & Mohammad, J. (2019). Factors affecting 
environmental citizenship behaviour: An empirical investigation in Malaysian 
paddy industry. Asia Pacific Journal of Marketing and Logistics, 32(1), 86-104. 
doi:10.1108/APJML-05-2018-0177

41.  Ramkissoon, H., Graham Smith, L. D., & Weiler, B. (2013). Testing the 
dimensionality of place attachment and its relationships with place satisfaction 
and pro-environmental behaviours: A structural equation modelling approach. 
Tourism Management, 36, 552-566. doi:10.1016/j.tourman.2012.09.003

42.  Smith, A. M., & O’Sullivan, T. (2012). Environmentally responsible behaviour 
in the workplace: An internal social marketing approach. Journal of Marketing 
Management, 28(3-4), 469-493. doi:10.1080/0267257X.2012.658837

43.  Langenbach, B. P., Berger, S., Baumgartner, T., & Knoch, D. (2019). Cognitive 
Resources Moderate the Relationship Between Pro-Environmental Attitudes 
and Green Behavior. Environment and Behavior. doi:10.1177/0013916519843127

44.  Panno, A., Carrus, G., Brizi, A., Maricchiolo, F., Giacomantonio, M., & Mannetti, 
L. (2018). Need for cognitive closure and political ideology predicting pro-
environmental preferences and behavior. Social Psychology, 49(2), 103-112. 
doi:10.1027/1864-9335/a000333

45.  Song, Z., & Soopramanien, D. (2019). Types of place attachment and pro-
environmental behaviors of urban residents in Beijing. Cities, 84, 112-120. 
doi:10.1016/j.cities.2018.07.012

46.  Elgaaied, L. (2012). Exploring the role of anticipated guilt on pro-
environmental behavior - a suggested typology of residents in France based 
on their recycling patterns. Journal of Consumer Marketing, 29(5), 369-377. 
doi:10.1108/07363761211247488

47.  Bonnes, M., Carrus, G., Corral-Verdugo, V., & Passafaro, P. (2013). The socio-
psychological affinity towards diversity: From biodiversity to socia-ecological 
sustainability. In Psychological Approaches to Sustainability: Current Trends in 
Theory, Research and Applications (pp. 125-140): Nova Science Publishers, Inc.

48.  Corral-Verdugo, V., Martha Montiel-Carbajal, M., Sotomayor-Petterson, M., 
Frías-Armenta, M., Tapia-Fonllem, C., & Fraijo-Sing, B. (2013). Psychological 
wellbeing as correlate of sustainable behaviors. In Recent Hispanic Research 
on Sustainable Behavior and Interbehavioral Psychology (pp. 27-40): Nova 
Science Publishers, Inc.

49.  Wittek, R., & Bekkers, R. (2015). Altruism and Prosocial Behavior, Sociology 
of. In J. D. Wright (Ed.), International Encyclopedia of the Social & Behavioral 
Sciences (Second Edition) (pp. 579-583). Oxford: Elsevier.

50.  Lange, F., & Dewitte, S. (2019). Cognitive Flexibility and Pro-environmental 
Behaviour: A Multimethod Approach. European Journal of Personality, 33(4), 
488-505. doi:10.1002/per.2204

51.  Langenbach, B. P., Berger, S., Baumgartner, T., & Knoch, D. (2019). Cognitive 
Resources Moderate the Relationship Between Pro-Environmental Attitudes 
and Green Behavior. Environment and Behavior. doi:10.1177/0013916519843127

52.  Sörqvist, P., & Langeborg, L. (2019). Why people harm the environment 
although they try to treat it well: An evolutionary-cognitive perspective 
on climate compensation. Frontiers in Psychology, 10(MAR). doi:10.3389/
fpsyg.2019.00348

53.  Nyberg, E., Castéra, J., Mc Ewen, B., Gericke, N., & Clément, P. (2019). Teachers’ 
and Student Teachers’ Attitudes Towards Nature and the Environment—A 
Comparative Study Between Sweden and France. Scandinavian Journal of 
Educational Research. doi:10.1080/00313831.2019.1649717

54.  Przydatek, G. (2019). Waste management in selected national parks - A review. 
Journal of Ecological Engineering, 20(4), 14-22. doi:10.12911/22998993/102609

55.  Baumgartner, T., Langenbach, B. P., Gianotti, L. R. R., Müri, R. M., & Knoch, 
D. (2019). Frequency of everyday pro-environmental behaviour is explained 
by baseline activation in lateral prefrontal cortex. Scientific Reports, 9(1). 
doi:10.1038/s41598-018-36956-2

56.  Balador, Z., Gjerde, M., & Isaacs, N. (2020). Influential factors on using 
reclaimed and recycled building materials. In J. Littlewood, R. J. Howlett, R. J. 
Howlett, L. C. Jain, A. Capozzoli, L. C. Jain, L. C. Jain, & L. C. Jain (Eds.), 11th 
International Conference on Sustainability and Energy in Buildings, SEB 2019 
(Vol. 163, pp. 37-47): Springer.

57.  von Grabe, J. (2020). Using the Instance-Based Learning Paradigm to Model 
Energy-Relevant Occupant Behaviors in Buildings. Cognitive Computation, 
12(1), 71-99. doi:10.1007/s12559-019-09672-w

58.  Mokrzecka, M., & Nowak, K. (2019). Green design, identity or both? Factors 
affecting environmentally responsible behaviors in student residences. In World 
Sustainability Series (pp. 559-575): Springer.

59.  Kim, J., Kim, S., Lee, J. S., Kim, P. B., & Cui, Y. (2019). Influence of Choice 
Architecture on the Preference for a Pro-Environmental Hotel. Journal of Travel 
Research. doi:10.1177/0047287519841718

60.  Cole, L. B., & Hamilton, E. M. (2019). Can a Green School Building Teach? 
A Pre- and Post-Occupancy Evaluation of a Teaching Green School Building. 
Environment and Behavior. doi:10.1177/0013916518825283

61.  Arbuthnot, J., Tedeschi, R., Wayner, M., Turner, J., Kressel, S., & Rush, R. 
(1976). Induction of sustained recycling behavior through the foot-in-the-door 
technique. Journal of Environmental Systems, 6(4), 355-368. doi:10.2190/

BP8D-04W5-7FJ7-C5J5
62.  Stern, P. C. (1976). Effect of incentives and education on resource conservation 

decisions in a simulated common dilemma. Journal of Personality and Social 
Psychology, 34(6), 1285-1292. doi:10.1037/0022-3514.34.6.1285

63.  Stern, P. C., & Kirkpatrick, E. M. (1977). Energy behavior. Environment, 19(9), 
10-15. doi:10.1080/00139157.1977.9928670

64.  Papaoikonomou, K., Latinopoulos, D., Emmanouil, C., & Kungolos, A. (2020). 
A Survey on Factors Influencing Recycling Behavior for Waste of Electrical 
and Electronic Equipment in the Municipality of Volos, Greece. Environmental 
Processes. doi:10.1007/s40710-019-00399-2. 

65.  Milovantseva, N., & Saphores, J. D. (2013). E-waste bans and U.S. households’ 
preferences for disposing of their e-waste. Journal of Environmental 
Management, 124, 8-16. doi:10.1016/j.jenvman.2013.03.019

66.  Milovantseva, N., & Saphores, J. D. (2013). Time bomb or hidden treasure? 
Characteristics of junk TVs and of the US households who store them. Waste 
Management, 33(3), 519-529. doi:10.1016/j.wasman.2012.07.020

67.  Milovantseva, N. (2016). Are American households willing to pay a premium 
for greening consumption of Information and Communication Technologies? 
Journal of Cleaner Production, 127, 282-288. doi:10.1016/j.jclepro.2016.04.001

68.  Lizin, S., Van Dael, M., & Van Passel, S. (2017). Battery pack recycling: Behaviour 
change interventions derived from an integrative theory of planned behaviour 
study. Resources, Conservation and Recycling, 122, 66-82. doi:10.1016/j.
resconrec.2017.02.003

69.  Dhumne, K. M. (2017). Paperless Society in Digital Era. International Journal of 
Library and Information Studies, 7(4), 317-319. 

70.  Alrowaily, M. A., & Kavakli, M. (2017). The use of augmented reality for 
encouraging pro-environmental behaviors: The case of Australia. Paper 
presented at the 9th International Conference on Computer and Automation 
Engineering, ICCAE 2017.

71.  Suleri, J., & Cavagnaro, E. (2016). Promoting pro-environmental printing 
behavior: The role of ICT barriers and sustainable values. International Journal 
of Education and Development using ICT, 12(2). 

72.  Ro, M., Brauer, M., Kuntz, K., Shukla, R., & Bensch, I. (2017). Making Cool 
Choices for sustainability: Testing the effectiveness of a game-based 
approach to promoting pro-environmental behaviors. Journal of Environmental 
Psychology, 53, 20-30. doi:10.1016/j.jenvp.2017.06.007

73.  Ahmed, S., Adnan, M., Janssens, D., Brattich, E., Yasar, A. U. H., Kumar, P., 
. . . Shakshuki, E. M. (2019). Estimating pro-environmental potential for the 
development of mobility-based informational intervention: a data-driven 
algorithm. Personal and Ubiquitous Computing, 23(5-6), 653-668. doi:10.1007/
s00779-018-1187-

74.  Altıok, S., Baser, Z., & Yükseltürk, E. (2019). Enhancing metacognitive awareness 
of undergraduates through using an e-educational video environment. 
Computers & Education, 139, 129-145. doi:https://doi.org/10.1016/j.
compedu.2019.05.010

75.  Dubey, R., Gunasekaran, A., Childe, S. J., Papadopoulos, T., Luo, Z., Wamba, 
S. F., & Roubaud, D. (2019). Can big data and predictive analytics improve 
social and environmental sustainability?. Technological Forecasting and Social 
Change, 144, 534-545.

76.  Lee, D., Kang, S., & Shin, J. (2017). Using deep learning techniques to forecast 
environmental consumption level. Sustainability (Switzerland), 9(10), 1894.

77.  Altemose, A., & Sen, A. (2018). Collective Behaviour of Artificial 
Microswimmers in Response to Environmental Conditions. Self-organized 
Motion: Physicochemical Design based on  Nonlinear Dynamics, 14, 250.

78.  Taha, A., Wu, R., Emeakaroha, A., Krabicka, J., & Lee, A. (2017). Inducing pro-
environmental behaviour in National Health Service (NHS) to reduce energy 
costs using persuasive technology techniques. Paper presented at the 16th 
International Conference on Sustainable Energy Technologies.

79.  Khajuria, S., Sørensen, L., & Skouby, K. E. (2017). Cybersecurity and Privacy-
Bridging the Gap:River Publishers.

80.  Tzafestas SG (2016) Roboethics: A Navigating Overview. Intelligent systems, 
control and automation: science and engineering, vol 79. Springer, Berlin. 
https://doi.org/10.1007/978-3-319-21714-7

81.  Pedersen, T., Johansen, C., & Jøsang, A. (2018). Behavioural Computer Science: 
an agenda for combining modelling of human and system behaviours. Human-
centric Computing and Information Sciences, 8(1), 1-20. 

82.  Kahneman, D. (2011). Thinking, fast and slow: Macmillan.
83.  Simon, H. (1957). A behavioral model of rational choice. Models of man, social 

and rational: Mathematical essays on rational human behavior in a social 
setting, 241-260. 

84.  Pritchard, A. (1969). Statistical Bibliography or Bibliometrics. Journal of 
Documentation, 25(348-349).

85.  Reuters, T. (2008). Using bibliometrics: a guide to evaluating research 
performance with citation data. http://ips.clarivate.com/m/pdfs/325133_
thomson.pdf. 

86.  Boshoff, N., & Akanmu, M. A. (2017). Scopus or Web of Science for a bibliometric 
profile of pharmacy research at a Nigerian university? http://sajlis.journals.ac.za 
doi:10.7553/83-2-1682, 83(2). 



Mustafa, et al.: Research Trends in PEB Comp. Sci.- Bibliometric Analysis 

Journal of Scientometric Research, Vol 9, Issue 2, May-Aug 2020� 145

87.  Khiste, G. P., & Paithankar, R. R. (2017). Analysis of Bibliometric term in Scopus. 
International Journal of Library Science and Information Management (IJLSIM), 
3(3), 81-88.

88.  Chan, T. K. (2019). Building and construction research in Malaysia: A bibliometric 
analysis. Journal of Construction in Developing Countries, 24(1), 65–84. https://
doi.org/10.21315/jcdc22019.21324.21311.21314.

89.  Ji, L. L., C.; Huang, L.; Huang, G. (2018 ). The evolution of Resources 
Conservation and Recycling over the past 30 years: A bibliometric overview. 
Resour. Conserv. Recycl., 134(34–43.). 

90.  Ho, Y.,  Xie, S., & S. Zhang, G. (2010). A bibliometric analysis of world volatile 
organic compounds research 	trends. Scientometrics, 83(2), 477-492.

91.  Milfont, T. L., & Page, E. (2013). A bibliometric review of the first thirty years of 
the Journal of Environmental Psychology. Psyecology, 4(2), 195-216. doi:10.108
0/21711976.2013.10773866

92.  Pires, P., De Castro Ribas, R., Jr., Lemos, D. C. L., & Filgueiras, A. (2014). 
Ecocentrism and behavior: A bibliographic review on environmental values. 
Psicologia em Estudo, 19(4), 611-620. doi:10.1590/1413-73722201204

93.  Albort-Morant, G., Henseler, J., Leal-Millán, A., & Cepeda-Carrión, G. (2017). 
Mapping the field: A bibliometric analysis of green innovation. Sustainability, 
9(6), 1011.

94.  Pierpaoli M, Ruello ML. Indoor air quality: a Bibliometric study. Sustainability. 
2018;10(11):3830.

95.  Cheng, S., Zhang, J., Wang, Y., Zhang, D., Teng, G., Chang-Chien, G. P., & Yan, P. 
(2019). Global research trends in health effects of volatile organic compounds 
during the last 16 years: a bibliometric analysis. Aerosol and Air Quality 
Research, 19(8), 1834-1843. Letters. doi:10.1080/13504851.2019.1690122

96.  Shankar, D. S., Chung, P. J., Hannah, T., Dreher, N., Li, A. Y., Dai, J. B., Choudhri, 
T. F. (2020). The effect of academic rank and years in practice on bibliometric 
profile growth rates among academic neurosurgeons in the New York 
metropolitan area. Interdisciplinary Neurosurgery: Advanced Techniques and 
Case Management, 19. doi:10.1016/j.inat.2019.100615

97.  Wu, Y. M., Hsu, C. T., Hu, H. A., & Lu, C. C. (2008). A study of relationships 

among social learning, social norms and pro-environmental behavior. Paper 
presented at the 3rd International Conference on Innovative Computing 
Information and Control, ICICIC’08, Dalian, Liaoning.

98.  Torres-Salinas D, Martín-Martín A. An introduction to the coverage of the 
Data Citation Index (Thomson-Reuters): Disciplines, document types and 
repositories. arXiv preprint arXiv:1306.6584. 2013 Jun 27.

99.  Wright, J. D. (2015). International Encyclopedia of the Social and Behavioral 
Sciences (2nd ed.). Elsevier Ltd.

100.  UNESCO. (2017). UNESCO moving forward the 2030 Agenda for Sustainable 
Development. retrieved from: https://unesdoc.unesco.org/ark:/48223/
pf0000247785

101.  Foo, K. Y. (2013). A vision on the role of environmental higher education 
contributing to the sustainable development in Malaysia. Journal of Cleaner 
Production, 61, 6-12. doi:https://doi.org/10.1016/j.jclepro.2013.05.014

102.  Raman, A., & Rathakrishnan, M. (Eds.). (2019). Redesigning higher education 
initiatives for Industry 4.0. IGI Global.

103.  Ministry of Natural Resources and Environment. (2002). Dasar alam sekitar 
negara. Putrajaya: Malaysia

104.  Ministry of Natural Resources and Environment. (2008). Report on National 
Capacity Needs Self-Assessment for Global Environmental Management and 
National Capacity Action Plan. Putrajaya: Malaysia

105.  Ministry of Natural Resources and Environment. (2016). Pelan Strategik 
ICT 2016-2020. Putrajaya Retrieved from http://www.kats.gov.my/ms-my/
pustakamedia/Penerbitan/Pelan%20Strategik%20ICT%20(ISP)%20NRE% 
202016-2020.pdf.

106.  Ministry of Natural Resources and Environment. (2016). Rangka Kerja Big 
Data NRE Putrajaya: Kementerian Sumber Asli dan Alam Sekitar, Bahagian 
Pengurusan Maklumat. Putrajaya: Malaysia

107.  odsakoff, P. M., MacKenzie, S. B., Podsakoff, N. P., & Bachrach, D. G. (2008). 
Scholarly influence in the field of management: A bibliometric analysis of the 
determinants of university and author impact in the management literature in 
the past quarter century. Journal of Management, 34(4), 641-720. 


