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Abstract
Purpose – The latest developments in Data Science and in advanced Scientometrics set a very challenging
context for the analysis and the understanding of human behavior toward the design of value adding library
services and sophisticated information systems. The purpose of this paper is to present an innovative
research that integrates the creation and the consumption of scientific knowledge across regions. From a
human behavior point of view, this is significant since it provides an advanced decision-making layer for
bringing together researchers from all over the world.
Design/methodology/approach – More specific in this paper, the authors analyze the production
and consumption of scientific knowledge across the regions in an important field of sustainable and
renewable energy – using publications and citations data indexed in Scopus. As a case study, the authors
select the USA a major producer of scientific publications in the field. At first, the authors identify
the topics produced by the USA. Further topics produced by the scientific communities outside the
USA that consume the knowledge produced by the USA are identified. The authors generate topics
by employing the proposed topic model with distance matrix – an extension of classic latent Dirichlet
allocation model.
Findings – The results show that research topics produced by the USA are consumed in different
international contexts, interestingly. Consuming the knowledge produced by the USA, Chinese scientific
community heavily produces topics related to biomass – to produce renewable energy. In contrast, Japanese
scientific community produces topics related to fuel cell – used for the production of hybrid and electronic
vehicles. Whereas the Taiwanese scientific community shows remarkable competency in solar cells. Among
the European nations, while the German scientific community produces topics related to photovoltaic, the
French scientific community covers topics related to Energy Storage and Green Chemistry. The authors
believe that such analyses may be helpful in establishing more effective multi-national research
collaborations by understating the actual consumption of produced knowledge.
Practical implications – Overall, the study provides a new dimension to comprehensively understand
production and consumption of knowledge using scientific literature. From a human behavior analysis view
in the context of sophisticated library systems, this is a significant contribution.
Originality/value – The use of advanced Data Mining and computing methods for deriving critical insights
for the use of scientific knowledge is a bold action toward the global knowledge society vision.
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1. Human behavior analysis for scientific exchange and knowledge transfer
The design of sophisticated library services in our days is a strategic objective for a new era
of academic excellence and scientific performance. The variety of enabling technologies,
including data Mining, Learning Analytics, Cloud Computing, Recommender Systems, Data
Science, Internet of Things, revolutionize the value adding propositions. A key question that
should be answered is how can we vision the next-generation library systems enabled by
Hi Tech. To our understanding, this special issue is about analyzing design principles for
library services based on extensive analysis and integration of human behavior. For this
purpose, we set in the focus of our approach a significant context: the knowledge flows
across regions, related to scientific publications. It is not only about mining and applying
advanced Data Mining and data analytics methods, but also including clustering,
classification, association rules, link analysis, text mining and sentiment analysis in the
practice of modern libraries. Most of all, it is about integrating human behavior in
transparent services that foster the international collaboration and permit the dissemination
of scientific know-how for humanitarian visions. The development of a Global Knowledge
Society is in the focus of our research. We promote the role of libraries as key disseminators,
and we analyze the significance of Data Science for the detailed analysis of requirements
and use case scenarios that can foster the international collaboration of researchers based on
common understanding and joint contributions in scientific domains.

In the last few decades, scientists have made a remarkable progress in the production of
knowledge resources by interacting with other scientists across the globe – in order to
develop new ideas and technologies ( Jones et al., 2008; Hassan and Haddawy, 2015a). As a
result of these interactions, the generation and retention of knowledge is not solely
dependent on a single isolated entity, but rather depends upon the knowledge flow between
different dynamic entities (Yan et al., 2012). A significant among of research has been done
to quantitatively measure knowledge production and consumption – using absolute citation
counts as a measurement tool. No doubt, these researches have made a sound base to study
the interdisciplinary, inter-organizational and international knowledge flows, but have not
addressed utmost important need of semantic understanding of production and
consumption of scientific knowledge.

The main objective of this paper is to semantically analyze the production and
consumption of scientific knowledge across the countries – in a very important field of
“Sustainable and Renewable Energy,” which has recently become an immense business in
many parts of the world due to climate change concerns and increase in global carbon
emission (Zahari and Esa, 2016). Alone, in 2015, global investment in renewable and
sustainable energy raised to $285.9 billion[1] – taking it above the previous record of $278.5
billion reached in 2011. Recently, China has increased research and development (R&D)
spending on renewable energy to 4 percent by investing $2.5 billion, making China the
largest producer of solar cells in the world. Similarly, Germany is producing its one-third of
the total energy from the renewable resources. Last but not the least, German Government
has allocated approximately €3.5 billion funding for the R&D in energy sector during
2011-2014. Given the crucial need for the economies to move toward sustainable renewable
energy resources and to learn from each other, it also becomes vital to analyze that what
research themes are produced within the field of sustainable and renewable energy and how
they are consumed or transferred across the geographical and disciplinary boundaries.

To our understanding, modern libraries are key enablers of advanced knowledge
dissemination. They can serve as hubs for analyzing significant aspects of human behavior
and the emerging technologies with their advanced capabilities for profiling, clustering and
mining that allow significant knowledge transformations. The development of a knowledge
ecosystem for the knowledge integration and knowledge dissemination across regions is a
bold initiative. Our research exactly sets this problem in the focus. The inquiry to understand
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how scientific knowledge is produced and consumed can provide useful insights for the
exploitation of human behavior in the context of library and information sciences. Libraries
should be seen not only as facilitators of international collaboration, but also as means for
content, knowledge delivery.

In this paper, we select the USA as main scientific knowledge producer in the field of
sustainable and renewable energy. We cluster the scientific publications produced by the
USA into thematic areas, using keywords from paper titles, author-defined keywords and
abstract. Further, we analyze (by clustering) the publications produced by the countries
other than the USA that cite original publications produced by the USA. This helps to
analyze the consumption of knowledge produced by the USA by other countries. The rest of
the paper is organized as follows: Section 2 presents related literature review on scientific
knowledge flows originated by publication and citation data. Section 3 presents the
employed methodology. Section 4 presents a case study to analyze the production and
consumption of scientific knowledge in the field of sustainable and renewable energy.
Finally, Section 5 presents concluding remarks along with the direction of future work.

2. Literature review
Significant amount of research work has been done to analyze knowledge flows by using
citation and bibliometric data. Porter and Chubin (1985) were among the first to study
interdisciplinary knowledge flows with the help of bibliometric data. They used citations as an
indicator of knowledge flow between different fields in scientific literature. According to
Borgman (1990), citation links in a citation network could be used to find the impact of
research in a particular area. He described that a journal having the larger number of citations
has greater impact as compared to the journal having smaller number of citations.
Trajtenberg (1990) argued that patent citations reflect the quality of innovation in science and
technology. He also established relationship between patent citations and R&D expenditure.
Jaffe et al. (1993) used geographical location data set of patent citations alongside the cited
patents to find knowledge flow spillovers geographically. By using existing approaches, they
were unable to find patents that were highly cited and had large impact on technology and
economy. In general, it is argued that citations are good indicator of knowledge flow in
scientific and research environments. Also, citation links among institutions, journals and
authors denote knowledge flow from cited entity to citing entity (Stigler, 1994; Lockett and
McWilliams, 2005; Yan et al., 2013; Guevara et al., 2016; Khasseh et al., 2017).

Ingwersen et al. (2000) utilized percent international citations as an indicator of
knowledge flow between the institutions. The percent international citations are the
proportion of citation that an institute receives from the institutes outside the country
with the total citation it receives. Cohen et al. (2002) discovered that knowledge is
transferred through research interactions, meetings in conferences, personal contacts and
citations in publications. They found through a survey conducted among R&D managers
of the US firms that research articles or publications are the dominant source of
knowledge flow with 41 percent of respondents choosing this option. Rinia et al. (2002)
used bibliometric data to find interdisciplinary research impact. They found that patent
citations alongside with bibliometric indicators can represent useful information between
different fields of science.

Alcacer and Gittelman (2006) used citations data to find knowledge diffusion. They analyzed
citations with respect to geographical location, scientific innovation and self-citation of examiner
and inventor of citations. Zhuge (2006) described that in scientific environments, research
interactions and development are heavily dependent upon understanding of knowledge flows
between scientists. He explored different knowledge flow networks and presented a
methodology to discover knowledge flow in scientific literature. Nicholas Joint (2008) examined
the impact of library and information science issues on higher education policy related with
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quality research in the UK using citation analysis. Nomaler and Verspagen (2008) showed that a
number of citations in a scientific literature could indicate the process of knowledge flows.
They proposed a measure to find interdisciplinary knowledge flow and its diffusion into
economic system, but their analysis did not define relation between specific nature of knowledge
and domain in which knowledge is applied. Zhou (2010) found the impact of the research
community within a specific discipline by analyzing citation exchange among the journals.
Their study showed that Chinese-based journals are not specialized as compared to their
international counterparts in the disciplines of science, economics and politics. Yuan and Hua
(2011) measured scholarly impact of library and information science open access journals on the
basis of citations. They found open access journals are substantial part of scholarly
communication. Tsay and Shu (2011) found the relationship between different social sciences
subjects using citation database. Lochan Jena et al. (2012) used bibliometric data set of electronic
library to study scholarly communication and found contributor’s circulation is restricted to
limited nations. Also, Tsay (2013) explored the knowledge flow between information science and
other subjects using bibliometric and citation database. Hassan and Haddawy (2013) introduced
a quantitative approach to find scholarly impact between different countries. A new quantitative
technique was defined to find out the international scholarly impact of the countries by using
bibliometric and citation data in the field of energy.

Zhang (2013) explored different methodologies to find scientific trends of production
and consumption of scientific knowledge flow in the area of physics. He proposed
knowledge diffusion proxy algorithm to find out the knowledge flow from producers to
consumers. Nagaoka and Yamauchi (2015) used citations as an index to find knowledge
flow in literature. They found the patent citations to non-patent literature are noisy.
More recently – on semantic understanding of knowledge flows, Hassan and Haddawy
(2015b) proposed a methodology to analyze knowledge flow across countries. Using an
extended version of latent Dirichlet allocation model, the authors identify the research
topics produced by a given country in a given research area and present a semantic
understanding of research topics in the cited topics across the countries. More recently,
Ding et al. (2017) explored paper characteristics that facilitate the flow of knowledge from
science to technology by exploiting patent-to-citation data.

3. Methodology
We analyze the production and consumption of knowledge across the countries in the field
of sustainable and renewable energy. At first, we identify papers produced by the source
country in the field. We cluster these papers into relevant groups to analyze different themes
produced by the source country – we name them production topics. Further, we identify
papers that cite these production topics. Next, we cluster citing papers to analyze the
consumption of knowledge into relevant themes – we name them consumption topics.
We employ our proposed TDM model (Hassan and Haddawy, 2015b), an extension of the
classic LDA model (Blei et al., 2003), to generate production and consumption topics from
the publication data set. The classic LDA model is based upon the idea that probability
distribution of words in a paper can formulate different topics. At first, using Dirichlet
distribution, a distribution over topics is sampled for each paper. Further, topics are
associated with each word in the paper based on the probabilistic distribution. Finally,
words are sampled using multinomial spread over words particular to a given topic.

The LDA provides topic vectors, where each value in the vector corresponds to a word in
the topic under consideration. For example, a given vector ti (w1: 0.2, w2: 0.1, w3: 0.8,…,wn: 0.6)
shows probability of each word wi in topic ti. Further, for each paper pi, we generate a vector
that shows probabilistic relation of each wi in pi for a given topic ti: p1 (w1: 0.1, w2: 0.0, w3: 0.2,
…,wn: 0.3). Note that the probability of given word in pi for ti would be 0 if the word does not
exist in paper pi. Also, all unique words across the topics formulate vocabulary V. Further, we
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use Minkowski distance between a given paper pi and a topic ti, to group papers that belong to
a given topic (see the following equation):

D ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn
i¼1

ai�tij j2
vuut ; (1)

where ai is the probability of word wi in pi for a given topic ti and n the total number of words
in vocabulary V. Further, to obtain relevant papers belonging to topic ti, a threshold TH, with
a percentage between the least and the most distance of pi from ti, is applied – our experiments
show highest F-measure on aTH¼ 25 percent. The optimum numbers of topics are computed
by minimizing inter-topic similarity and maximizing intra-topic similarity by using Jaccard
similarity index (see the following equation), where S is set of topics and ti and tj are research
topics, respectively:

InterTopicSim ¼ min 1�dis ti; tj
� �� �

tij ; tjAS
� �

; (2)

Further, to obtain intra-topic Jaccard similarity of topic ti, we compute centroid dt using
Equation (3). Then, intra-topic similarity is measured by taking the average similarity
between dt and all elements in ti, as shown in Equation (4):

argmax
t

P
dA tsim dt ; dj

� �
n

dt ; djA t
�� (3)

and:

IntraTopicSim tð Þ ¼
Pn

j¼1 sim dt ; dj
� �

n
dt ; djA t
�� ; (4)

where dj is the jth element of a given topic; and n the total number of elements in a given topic.

4. Case study: production and consumption of scientific knowledge in the
field of “sustainable and renewable energy”
4.1 Data set
Our data set consists of 9,090 papers which have at least one author affiliated from the USA
in the field of sustainable and renewable energy, indexed in All Science Journal
Classification used by Scopus, during 1996-2009 – also these publications are only cited by
the papers which have at least one author affiliated from outside the USA. We refer this data
set as the scientific knowledge produced by the USA in the field. Further, we select all 23,838
papers (authored by the researchers from outside the USA) that cite these 9,090 papers
during the same time window. We refer the second data set as the consumer of the
knowledge produced by the USA in the field.

The following steps are taken to process the data. In data cleaning phase, we remove all
HTML tags from title, abstract and author-defined keywords of papers. Further, we
perform tokenization, at the same time, we remove stop words, special characters, such as
punctuation, question mark, etc., from the data. The Porter stemming is performed on the
text (http://tartarus.org/martin/PorterStemmer/). Using “wordle” topics is visualized
(www.wordle.net/). Finally, the data are fed to our TDM model for processing.

4.2 International consumption of knowledge produced by the USA in the field
Figure 1 shows the knowledge consumed by the world in the field of sustainable and
renewable energy, produced by the USA during 1996-2009. The red color intensity in the
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map shows the proportion of citations made by each country to the scientific knowledge
produced by the USA. Among the top ten nations, that consume the knowledge produced
by the USA, 20 percent is consumed by China. Followed by China are the UK (16 percent),
Germany (11 percent), Canada (10 percent), France (9 percent), Australia (8 percent),
South Korea (8 percent), Taiwan (8 percent), Japan (7 percent) and Brazil (6 percent).
Interestingly, we find many fast-growing economies in Asia that are listed among the top
consumers of the US knowledge. Despite the relatively small size compared to many
European nations, countries like Taiwan and South Korea are heavily consuming the US
knowledge and produce new knowledge resources in the field. This clearly indicates that
emerging economies heavily consume the knowledge produced by technically advanced
knowledge economies.

4.3 Topics produced by the USA that are consumed by the international community
Figure 2 shows production topics of the USA in the selected field. A word cloud represents
each topic, where the most frequent terms in each cloud is represented with a relative large
font size. The cluster no. 1 appears to be the largest topic with 34 percent of total 9,090
papers that are internationally cited outside the USA. This shows that geothermal
renewable energy topic is the largest knowledge resource consumed by the international
community. The cluster no. 2 represents the themes related to fuel cells – solid oxide fuel
cell and polymer fuel cells. The cluster no. 3 is about the storage and production of
sustainable renewables. The cluster no. 4 is related to lithium battery production and
power efficiencies. Finally, the cluster no. 5 represents themes related to the production
and efficiency of thin film.

4.4 Topics produced in the field of sustainable and renewable energy after consuming the
knowledge of cluster no. 1 in Figure 2
Further, we show the knowledge produced by the nations after consuming the knowledge
produced by the USA in the field. To do so, we selected largest consumed topic i.e. cluster no. 1

Knowledge Producer

High Citations

Medium Citations

Low Citations

Figure 1.
International
consumption of the
knowledge in the field
of sustainable and
renewable energy
produced by the USA
during 1996-2009
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(see Figure 2) and fetch 23,838 papers that cited this topic. Figure 3 shows the topics that
consume the knowledge produced by the USA. The cluster no. 1 (in Figure 3) shows research
themes related to the area of nanotechnology in relation to boost the geothermal energy. Note
nanotechnology is in use to cut geothermal energy cost and increase efficiency. The cluster no.

Cluster no. 1
(3,091, 34%)

Cluster no. 2
(1,818, 20%)

Cluster no. 3
(1,336, 15%)

Cluster no. 5
(1,209, 13%)

Cluster no. 4
(1,636, 18%)

Figure 2.
Research topics of the
scientific knowledge

produced by the USA
during 1996-2009

Cluster no. 1
(4,292, 18%)

Cluster no. 2
(3,577, 15%)

Cluster no. 3
(5,378, 23%)

Cluster no. 6
(3,577, 15%)

Cluster no. 5
(2,722, 11%)

Cluster no. 4
(4,292, 18%)

Figure 3.
Research topics
produced by the

regions after
consuming the

knowledge produced
by the USA

(in Figure 2 cluster no.
1) during 1996-2009

583

Human
behavior
analysis



www.manaraa.com

2 represents the research topics in the area of electrochemical. This cluster presents
production of the materials by using chemical processes to increase the performance of
renewable and sustainable energy resources. The cluster no. 3 represents the research topics
related to the solar cell. China is the biggest producer of solar cell with 43.2 gigawatts of solar
capacity (www.technologyreview.com/). The cluster no. 4 represents the topics related to fuel
cells in relation to geothermal. Note that hybrid energy systems, that include fuel cells and
geothermal resources, are developed to improve the efficiency by using low-grade heat from
the fuel cells. The cluster no. 5 represents the research topics related to thin film. Finally,
cluster no. 6 discusses the production of renewable energy by using biomass. Note that
bioenergy provides 10 percent of the world’s total global energy supply[2].

4.5 Research topics produced by major economies after consuming the knowledge produced
by the USA in Figure 2 cluster no. 1
This section presents a detailed discussion on the production of the knowledge by major
economies after consuming the knowledge produced by the USA in Figure 2 cluster no. 1.
At first, we discuss the topics produced by the Chinese scientific community, follow by
Japan and Taiwan. Later, we also present topics produced by Germany, France and Canada.

4.5.1 Research topics produced by China. The Chinese scientific community produces
diverse research topics by consuming the knowledge related to the geothermal-related
topics produced by the USA: photovoltaic energy and biomass are the main topics.
The reason China being the largest consumer of knowledge produced in the field is due to its
huge R&D budget allocated for the renewable and sustainable energy sector – resulting a
large number of scientists working in the field. According to energy research knowledge
center (https://setis.ec.europa.eu/energy-research/country/china), China is the world’s
second largest investor in R&D, next to the USA. In 2010, the total R&D expenditure has
reached €70.6 billion and it is expected to reach €112 billion (2.5 percent of GDP) in 2020.
China invested €205 billion in renewable energy projects in 2011 and plans to spend
€367 billion on clean energy investments by 2015.

4.5.2 Research topics produced by Japan. In contrast to China, a large portion of Japanese
research falls into the area of fuel cells. In last few decades, due to its automobile industry shift
toward hybrid and electronic vehicles, Japan has done remarkable research in the field of fuel
cells. Note that different kind of fuel cells like polymer electrolyte fuel cells, phosphoric acid
fuel cells, and molten carbonate fuel cells are produced in Japan. The Japanese Government is
heavily investing in fuel cells sector. It has allocated ¥142.3 billion in its 2005 budget for
science and technology promotion, with fuel cells accounting for ¥35.4 billion, which is around
25 percent of the total budget. Japanese automobile industry plans to shift on fuel-cells-based
vehicles by reducing 90 percent carbon emission before 2050[3].

4.5.3 Research topics produced by Taiwan. The Taiwanese solar cell manufacturing
industry is second in the world, only next to China, with the revenue of US$5.75 billion in
2014. Research topics produced by Taiwan are related to photovoltaic cells that generate
electric power by using solar cells to convert energy from the sun into a flow of electrons.
Note that Taiwan’s renewable energy sector has grown in value by 195 percent between
2008 and 2014, increasing to over US$15 billion in annual[4].

4.5.4 Research topics produced by Germany, France and Canada. The German scholarly
community produces topics related to photovoltaic solar cells. Note that Germany is
producing its one-third of total energy from the renewable resources. The German
Government’s budget for energy research is reported €3.5 billion for the period 2011-2014[5].
Also, Germany gets 33 percent of its electricity from renewables energy sources. Alone in
2015, 193 billion kilowatt electricity has been produced from renewable energy sources.
This makes Germany ranks second in the world in installed photovoltaic solar capacity.
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Among the European countries, France shows tremendous research potential in areas
related to electrochemical. In France, we identify clusters of scientific research related to
Energy Storage and Green Chemistry.

In Canada, most prominent research topics in the field of renewable and sustainable
energy are hydropower and bioenergy. According to International Energy Agency,
Canadian renewable energy production is 18.9 percent of Canada’s total primary energy
supply[6]. Canada is also the second largest producer of hydroelectricity in the world.

5. Discussion and implications
This case study has several significant implications for human behavior analysis for library
and information science. First, the use of advanced scientometrics and Data Mining methods
in the context of scientific production and consumption reveals several patterns of human
behavior. It is a critical input and a key requirement for understanding various aspects of
know-how transfer at the international level. The adoption of advanced mining techniques
to scientific data enables further insights as well for the design of sophisticated library
systems. The integration of our approach with recommender systems technologies can
justify sophisticated library services for the provision of the most relevant literature on
demand. The use of text mining in relevance to the most influential aspect of scientific
production can also support the design of advanced e-learning systems or active learning
sessions for the promotion of research skills of students. The integration of advanced
computational methods for Data Mining with cloud services can also deliver a marketplace
of cloud-based open architectures for use in libraries. Distributed information systems and
infrastructures for scientific knowledge management can also promote the vision of open
access beyond specific publishers’ systems. We do believe that this is a new exciting area for
research. The detailed mapping of requirements is required for the development of flexible
personalized services for the creation and consumption of scientific knowledge. Another,
last but not least, area for future research is the human behavior analysis with focus on
groups of researchers and influential personalities in scientific domains. The visioning of a
Global Library Service beyond time and space limitations is a matter of time. From this
point of view, additional research on the establishment of smart library interfaces
is required.

6. Conclusions
In this paper, we have analyzed the production and consumption of knowledge flow
originated from the scientific literature related to sustainable and renewable energy,
during 1996-2009. We analyze the research topics produced by the USA that are consumed
by the scientific community in different international contexts. For instance, Chinese
scientific community heavily produces topics related to photovoltaic energy and biomass.
While Japanese scientific community produces topics related to fuel cell, Taiwanese
community shows remarkable competency in solar cells. Overall, we believe that such
analyses may be helpful in establishing more effective multi-national research
collaborations by understating the actual consumption of produced knowledge, not
provided by studies of researcher mobility and co-authorship patterns. The contribution
of our study in the special issue is related to the visioning of the application of advanced
Data Mining methods for the delivery of sophisticated next-generation library services.
The need to understand patterns of human behavior with the adoption of several
emerging technologies is not just a necessity but a bold action of the global scientific
community for the management of the collective wisdom, the promotion of enhanced
collaboration and the creation of advanced systems to support individual groups and the
global scientific worlds for prosperity, development and sustainability.
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Notes

1. www.fs-unep-centre.org

2. www.worldenergy.org/

3. http://bbc.com/news/business-34527431

4. http://topics.amcham.com.tw/2015/09/is-renewable-energy-the-way-forward-for-taiwan/

5. http://ngm.nationalgeographic.com/2015/11/climate-change/germany-renewable-energy-
revolution-text

6. www.nrcan.gc.ca/energy/renewable-electricity/7295
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