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Nowadays, the research funds are very limited, and all research institutes and
universities are competing against one another for these resources. Government and
private funding agencies, on the other hands, make their decisions on distributing
these limited resources mainly based on the applicants' research performances.
Therefore, it is very important to have a fair method to judge the research performance,
so that the resources are distributed in a reasonable and efficient way. As a result,
bibiliometics, which is an analysis of research performance based on scientometric
database, becomes a hot topic that governments and research institutes advocate and
emphasize recently.

Among all bibiliometics, citation plays an important role. in evaluating research
performance. In the regime of big data, citation information is gathered from large-
scale databases and represented in network forms. A citation network analysis is a
quantitative method to identify important and impacted literature of a field on the
bagis of how often a publication is cited in other publications. This analysis has
' recently become an essential tool to evaluate scientific achievements at different
entities, including but not limited to, research articles, individual researchers,
scientific journals, international conferences, universities and research institutes, or
even countries. Governments and funding agencies make appropriate decisions on the
allocation of their resources to these entities according to their research performances.
For example, an education department can allocate its educational funds to schools
based on gquantitative reports of their performances.

The main theme of this thesis is to study how to evaluate the research
performance of an entity in a fair way using a large-scale citation network called the
Web of Science. In specific, the phenomenon of cross-disciplinary citation is studied
first. The brief information of Web of Science is introduced and we analyze the citations
within each academic field and citations from other fields toward statistics articles.
Some fields tend to use a lot of article as reference and some fields are not. We are also
interested in how other fields use statistical article as reference since statistics is a
useful tool which can be applied in different areas. We can also found out some overlap
between each fields.

Then the article network influence (ANI) method is introduced to evaluate the

research performance of an entity, such as research articles, and scientific journals.



Most conventional methods tend to consider only the “directed citation” and ignore the
“indirect citation”. We think it is not enough to express how influential an article is.
Assume we have a small citation network with three articles and two citations, where
Article A was cited by Article B and Article B was cited by Article C. If we measure the
influence of paper A in this network, conventional methods only take the direct citation
into consideration and conclude that Article A has influences only on Article B.
However, it is very likely that Article A inspired Article C through Article B. This
scenarioc might happen when one of the above two citations (or both) was
interdisciplinary, or Article B was a review-type article. We should consider those
scenarios and put all the citations into consideration. The comparison between ANI
and other methods are also provided in the thesis. We also developed a journal based
network influence (JNI) based on the ANI.

Lastly, we analyze the structure of the article citation network of a particular
subject and propose a generative model on how this citation network is evolved. It is
natural that different subjects have different characteristics in their citation network.
For some theoretical-based subjects, it takes a certain amount of time for readers to
digest the theorems in the articles, so their resulting citations will take some years to
appear. On the other hand, for some application-based subjects, the results from their
articles should be implemented in the shortest time in order to have the best advanées,
gso these articles will receive immediate references after they are published. In order
to understand the characteristics of citation hetworks of different subjects, it is
essential to understand their structures and their underlying generative models. Then
we might be able to find out the difference between different subjects. We assume that
the network is evolved based on the importance of the article. The more important the
article is, the more citations it will received. Tapered pareto distribution is used to
describe the distribution of importance of the article. We treat the importance of the
article as the connection probability of receiving the citation. Insftead of studying the

whole Web of Science, we particularly study a subset under the topic of statistics.
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