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This doctoral thesis investigates the propagation of complex knowledge—such as scientific
research methodologies, algorithms, etc.-—represented by the number of scientific paper
publications each year. As investigative tools, deterministic differential equation models from
epidemiological fields are used. Epidemiology is a well founded field of researching the spread of
diseases and has been successfully applied to tracking epidemics, endemics, and pandemics.

Epidemiological models using differential equations have matured over the last half century in
fields such as medicine and biology. Viruses, parasites, and various kinds of contagion agents in a
variety of communities, cross-community, vaccination adapted, delayed vaccination campaign, and
many more aitributes have been research in-depth. Although the adoption of tracking information
diffusion with models from epidemiology dates back to the 1960s, the propagation of more complex
knowledge is still insufficiently explored. One of the key challenges is the human factor, as
information is fransfemred from one individual to another with a highly complex set of properties.
Information propagation—such as rumors, expansion of economic fields, opinion, email messages,
twitter news, and the like—has been successfully modeled using compartmental models from
medical and biological epidemiology. The compartmental models that have proven to be able to
track information diffusion are the SIR (Susceptible, Infective, Recovered) and the SEIR
(Susceptible, Exposed, infective, Recovered) models and slight variations thereof. In this paper,
the author starts with modeling the number of topic-related keyword propagation in scientific
publications using the generic SEIR model. It is apparent that the fransfer of knowledge has unique
characteristics that cannot be explained by generic epidemiology. Several causally extended
models are proposed and tested for their performance to better represent the propagation of
knowledge.

The propagation of knowledge represented by scientific publications has been carried out using
four data sets. The first data set with 138,303 papers was gathered on the IEEE Xplore Digital
Library. Information was accumulated about the paper title, abstract, authors, affiliations, year of
publication, and citation count. This allowed for a detailed exploratory analysis of propagation
attributes and additional room for refining any algorithms to track the growth of paper numbers.

Three further data sets were acquired using the help of online search engines inside major
scientific publication databases. This allowed for extended data-points and some other gathering of
semantic information such as cross-referencing the author's affiliation. Another advantage was the
ability to effectively conduct full text searches which was previously prohibited due to data size as
well as access restrictions. One of the data sets was gathered from CiNii, a search engine for
academic information and articles in Japanese with more than 15 million articles. Another data
source was CNKI.NET, China's largest online database of scholarly articles with a total of over 47
million articles. The third source was from Scirus, a database of more than 60 million English
publications worldwide. ’

From a set of prominent science and engineering textbooks, 39 initial keywords-—extended to 88
with the Scirus. database—from information sclence and engineering are used to examine the
suitability of this approach. Many of the authors' published papers, however, use a set of five
keywords from Soft Computing to ensure comparability of the studies. The author will show that
categorization of keywords into three source databases is possible using SEIR model parameters
and discuss the limits and further exploration of epidemiological models. A modified SEIRE model
is proposed to more robustly track knowledge propagation in scientific publications. Two more

models, an SEIRK and an SEIREK model have also been proposed and were compared by
performance, causality, and complexity.

As a classffication and knowledge discovery process, all keywords were categorized using
parameter-wise k-means clustering. The classification has proven to be difficult due to the limited
number of data points, resuiting in a limited number of keywords with sufficient accuracy. This
knowledge discovery process could help in determining relationships between topics that have an
evolutionary connection.

As suggested by previous research, diffusion of information is also influenced by cultural features.
Using a classification process with k-means to be able to assign a propagation feature to a specific
culture, the author analyzed five keywords from Soft Computing in the three data sets-—CiNii,
CNKIL.NET, and Scirus.

As indicated by these three data sets-——CiNii, CNKI.NET, and Scirus--—culture has an influence on
knowledge distribution. Qualitative research of ICT adoption in cultural settings is an active field.
Quantitative measures of knowledge propagation connected to cultural settings, however, are still
infrequent. From the Scirus database, a new data set was built with 32 country-affiliation, each with
22 fields of knowledge. Using Principal Component Analysis, further trends of culture and
knowledge was investigated.

The Scirus database was also used to compare the SEIR and SEIRE modetl with regards to their
coefficient of determination (adjusted R*2), their Basic Reproductive Rate (R_0), as well as the
residuals distribution of the model fits.
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