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Abstract. In this paper, an idea for integrating research in information retrieval and scientific communi-
cation in LIS is proposed. This idea is based on the generation and use of subject maps for documents in 
a specific domain. A subject map, as defined in this paper, is a kind of representation of the important 
subjects in the target domain and their mutual conceptual relationships, on a two-dimensional graph. The 
map can be used in many applications in information retrieval and scientific communication. For exam-
ple, it can be used as an interface in information retrieval systems, to display terms and their relation-
ships in thesauri, and as a tool to explore research and developments of a scientific discipline. The 
method to generate subject maps is also described. The method comprises four processes: document 
preparation, information extraction, map generation, and information visualization. All these processes 
are based on concepts and technologies from both the domains of information retrieval and scientific 
communication. 

Introduction 

Library and information science (LIS) is defined as the discipline to study the generation, distribution, 
and use of information by humans for some purpose in their life (Vickery & Vickery, 1992; Hawkins, 
2001). The emergence of LIS is due to the rapid changes and progress of the modern world, the swift 
development of science and technology, the growth of knowledge, and the vast amounts of scientific 
and technical information created and distributed in society. People, especially scientists and engineers, 
have become aware of the importance of information and desire to acquire information as efficiently 
and comprehensively as possible, in order to develop useful goods and services, make important deci-
sions, provide good service, and most importantly, create and adopt innovations to improve the quality 
of human life. Therefore, there is a demand for a specific discipline to study the phenomenon of infor-
mation communication in human life and to develop various technologies and systems for accessing 
information (Debons, Horne, & Cronenweth, 1988). The goals of research and practice in the disci-
pline of LIS are then to solve problems about the nature of information and the characteristics of in-
formation users and use, and to develop methods for delivering information to the people who need the 
information. To facilitate such a goal, it is necessary to learn the information needs and behaviors of 
people when they generate, distribute, and access information in their lives. According to the knowl-
edge learned from information communication, we can construct intelligent information systems for 
people to access and use relevant information conveniently as well as efficiently. 

The discipline of LIS is closely related to several other disciplines that also consider problems 
about information but from very different viewpoints. For example, communication science, cognitive 
science, linguistics, semiotics, and computer science are all disciplines dedicated to the study of infor-
mation-related problems (Raber, 2003). Because the research and practices of LIS are concerned with 
the problems of information communication and processing by humans, the discipline is very closely 
related to communication science and cognitive science. User needs and behavior occurring in the 
process of information communication, messages exchanged among users, methods used in the ex-
change, and communication channels through which the messages are delivered, are all important 
issues to be explored in LIS. Several factors influencing the communication, such as the environment 
of the communication and the previous experience of users, are also considered to be in the discipline. 
Researchers of LIS have applied a lot of theories, originally developed in the domain of communica-
tion science and cognitive science, to explain and predict these information phenomena. Another char-
acteristic of LIS is that it originated from practice and pays attention to solving practical problems of 
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information delivery and access in the workplace, especially in libraries. Researchers should consider 
several subjective and objective criteria on performance, such as efficiency, relevance, cost, and con-
venience, when they try to solve the problems. To manipulate information to match user needs at a 
high level of performance, it is better to adopt information technologies in the process. The modern 
technologies to deliver and process information are mostly based on networks and computers. Thus, 
LIS is clearly related to and driven by the developments in information technology and computer sci-
ence. (Debons et al., 1988; Raber, 2003) 

The knowledge from these various disciplines have provided a rich knowledge base for the do-
main of LIS and facilitated its progress in practice, because the subject matter of the information-
related disciplines overlap due to the interdisciplinary phenomena of information, as mentioned above. 
On the other hand, it brings a difficult problem for exchanging research results with other researchers 
among, and even within, the disciplines, because the definitions and concepts of the term, information, 
and other related terms in these disciplines are very different and vague. 

Many researchers have endeavored to identify the intellectual structure of the LIS domain and to 
determine the specialties with various methods, including literature surveys (Debons et al., 1988) and 
bibliometric analyses (Small, 1981; Persson, 1994; White & McCain, 1998). Results of traditional 
investigations of the LIS domain indicate that its specialties include experimental retrieval, citation 
analysis, practical retrieval, bibliometrics, library systems, information behaviors, OPACs, scientific 
communication, and so on (White & McCain, 1998). These specialties can be grouped into two large 
classes: retrieval-oriented and communication-oriented studies. The former class is devoted to the 
study of the human-computer-literature interface, which comprises the design and evaluation of infor-
mation retrieval systems and the study of information behaviors of human beings. The latter class is 
concerned with the analytical study of learned literatures and their social contexts, and includes bibli-
ometrics, citation analysis, and scientific communication. Both classes of specialties have attracted 
groups of people with related interests and the researchers have produced very rich research outcomes, 
but they have also constructed different terminologies, intellectual structures and social conventions in 
the domains of their own specialties (Persson, 1994). 

One of the problems in LIS, which has been recognized (Small, 1981; Persson, 1994; White & 
McCain, 1998), is that the two classes of specialties have split LIS into two subdisciplines. There is 
little knowledge exchange between them, the intellectual results from the two specialties are not well 
integrated, and there is seldom an important impact on other disciplines. 

This split is possibly due to the lack of a common research basis between the two subdisciplines, 
that is, problems that researchers of the two subdisciplines formulate to be studied and methods that 
they use to solve the problems are very different. The mission of retrieval-oriented studies in LIS is to 
solve the problems of selecting documents from databases according to their subject matter, matching 
them to user needs. The most popular mode of information retrieval is to accept a user’s input query as 
expressing his information need. In automated information retrieval systems, such as OPACs and web 
search engines, terms in databases and user queries are used as surrogates to represent the subject mat-
ter of documents and the information need of users, respectively. The relevance between the docu-
ments and the user’s need is then measured by matching the term distributions in the documents and 
the query. The results of retrieval are presented in ranked order, according to the degree of relevance of 
the selected documents. User behavior during information searching, expression of information need, 
and technologies for term selection and relevance estimation are important issues in the study of in-
formation retrieval. Recently, the techniques of document clustering and computer graphics have also 
been used to organize the retrieval results to provide a convenient and efficient user interface. The 
communication-oriented studies in LIS consider phenomena in the processes of generation, dissemina-
tion and use of scientific information in a specific domain to understand the principles and rules under-
lying the scientific activities in the corresponding discipline, such as production of scientific research, 
diffusion of ideas and technologies, and growth of scientific knowledge. Usually, researchers in the 
subdiscipline apply quantitative methods to analyze bibliographic records in scientific communication. 
Documents published in the examined domain, such as books, journal papers, patent records, technical 
reports and web pages, are used as information sources for the analyses, to extract patterns of author-
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ship, term usage and citations. The information is used to identify the important scientists, countries, 
institutions, and works in the domain, and therefore the examiner can explore the current state of the 
domain and trace its development based on the information. The extracted patterns can be mapped on 
two-dimensional graphs with statistical techniques, such as multidimensional scaling (MDS), for fur-
ther exploration. Authors, terms, or journals related to each other can be mapped into points close 
together to form a cluster, which may indicate a certain subject or topic, so the examiner can easily find 
the important subjects of the domain on the graphs. In the study of scientific communication, only a 
few studies have used quantitative measures of terms in documents as information sources for bibli-
ometric analysis, although authors use terms to convey important semantic information to their readers. 
As mentioned above, the ideas and the technologies used in the two subdisciplines are so different that 
it is hard to integrate their research. 

In this paper, we propose an idea to integrate research in the two subdisciplines of LIS, namely in-
formation retrieval and scientific communication. This idea is based on a method to generate a subject 
map to represent the intellectual structure of a specific domain. The subject map of a specific domain, 
as defined in this paper, is a two-dimensional graph in which the important subjects or topics of the 
domain are located and where the conceptual relationships between the subjects can be also demon-
strated. The proposed method to generate subject maps is?????????? designed also based on integrat-
ing concepts and technologies from information retrieval and scientific communication. In the rest of 
the paper, the concept and the principles of the proposed idea are presented. We then explain the pro-
cedure and the techniques for generating such maps. Finally, a brief remark is given to conclude this 
paper. 

The Subject Map to Represent the Intellectual Structure of a Domain 

Documents are not only important resources but also the products of scientific research. When scien-
tists engage in scientific research, they want to locate all the documents relevant to their research prob-
lems. On the other hand, documents created by scientists are usually used to evaluate the success of 
scientific research. Conveying information in documents is an important research issue in both infor-
mation retrieval and scientific communication. Therefore, it may be seen as a bridge to integrate the 
research of the two subdisciplines of LIS. The most salient part of information in a document is its text: 
the title, the abstract, and the main text of the document. The texts of documents are used to generate 
subject maps. Each subject map represents the intellectual structure of a given domain, based on the 
information extracted from texts of the documents. For example, a subject map of the domain of Com-
putational Linguistics and Chinese Language Processing was generated using information extracted 
from texts of papers selected from proceedings in the domain (Lin, 2005a). On the map, the important 
subjects of the domain can be easily demonstrated, such as “syntax”, “semantics”, “lexical”, and so on. 
We can also observe the relationship of the subjects on the subject map. For example, the subjects 
mentioned above are closer to each other than to others such as “information retrieval” and “text cate-
gorization” on the map because they are all about “grammatical information”. Researchers in the sub-
disciplines of information retrieval and scientific communication can make use of subject maps in their 
work. This will be explained in more detail below. 

In fact, the subject map of the proposed idea is based on the terms extracted from the texts of the 
collected documents. Every term is projected to a certain position on the map, which is determined by 
the relationship of the term to the others. Each subject on the map is expressed by means of a set of 
terms related to each other. In other words, the related terms are projected and form a cluster on the 
map. Such a cluster of terms can be assumed to be an important subject. For example, the terms 
“OPAC”, “library automation system” and “networks” were extracted from a collection of papers in 
the LIS domain. They can form a cluster on the subject map, and the cluster is able to represent the 
subject/topic “information technology used in libraries”. The distance between any two clusters of 
terms on the subject map indicates the closeness between their corresponding subjects/topics. A short 
distance between two term clusters on the subject map means that there is a strong relationship be-
tween the two subjects/topics. 
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Using the subject map as a basis, all the documents in the collection and their authors can also be 
located on this two-dimensional graph at the same time. The projection position of a document de-
pends on the subjects related to the document, or more precisely, on the terms occurring in its text. The 
document that contains many terms related to some subjects will be projected onto a position close to 
these subjects on the map, and all the documents related to a certain subject are projected to positions 
close to each other. Following the above example, a document which contains many terms related to 
the subject “information technology used in libraries” can be found close to the subject on the subject 
map when we project it on the map. Based on the same concept, when the authors who create many 
documents related to a certain subject are projected on the subject map, their projection positions will 
also be close to the subject. The authors who engage in research with the same subjects can be clus-
tered on the map because their projection positions are close to each other. 

Since the subject map is generated from the above concepts, we can make use of several features 
of the map in applications of information retrieval and scientific communication. For example, the 
subject map can be used as a kind of user interface for retrieving relevant documents from a database. 
The map can provide an overview of the intellectual structure of the documents in the target database, 
so that users are able to browse important subject matters about the documents comfortably and effi-
ciently. They can choose a subject matter that is the most relevant to their information need, and the 
information retrieval system will return the documents related to the subject matter as output. 

Another application of the subject map in information retrieval is as a display for automatic the-
saurus construction (Lin, 2005b). Because the subject map can be used to display all the relevant terms 
and their conceptual relationships in a specific domain, the map can also be seen as a thesaurus with a 
graphic interface. Users can read the terms with more general concepts on the whole map to learn the 
intellectual structure of the domain. They can also select an area on the subject map and be able to 
“zoom in” to look for all the terms related to the corresponding subject. In a previous study (Lin, 
2005b), we took terms extracted from the titles and the abstracts of papers selected from the periodical 
Bulletin of Library and Information Science as an example to develop the methods for automatic con-
struction and visualization of a thesaurus based on the concept of subject maps. The results confirm the 
feasibility and effectiveness of the methods. 

In addition, the subject map can also be used as a tool for the study of scientific communication in 
a specific domain. To do this, documents in the domain to be examined are collected and prepared 
carefully to generate a map for analysis. After all the documents and the authors have been projected 
onto the generated maps, the distributions of documents and authors can be seen as indicators to meas-
ure the production and the input of human resources on different subjects in the domain, respectively. 
For example, we used the subject map to study the research and developments in the domain of Com-
putational Linguistics and Chinese Language Processing (Lin, 2005a). The documents were selected 
from papers in the proceedings of the Conference of Computational Linguistics and Speech Processing 
(ROCLING), because most researchers who study problems in the domain had attended the conference 
and a few of them were the authors of the papers. The results show that “Mandarin Chinese”, “syntax”, 
“semantics”, “grammars”, “machine translation”, “speech processing” and “information retrieval” are 
all important subjects in this domain, because the number of documents projected on the locations of 
these subjects were more than those of others. Further, when comparing the distributions of documents 
published in different time periods on the map, users can explore the growth, change and decay of a 
subject. If a subject is developing and has produced many research outcomes, the number of docu-
ments related to the subject will increase quickly. However, a subject that has reached maturity pro-
duces fewer documents than before. In this case, we observe that in the early years, researchers gave 
more attention to the computational theorization of a variety of linguistic knowledge, but in its middle 
and later periods, researchers made more use of statistical techniques to develop practical systems for 
natural language processing. Such a conclusion is evidence that the subject map is useful in the study 
of scientific communication. 

In addition to the use of features of subject maps in information retrieval and scientific communi-
cation, it is also beneficial to conduct a new mode of integrating concepts and technologies from the 
two domains based on the idea of subject maps. The generation and the use of subject maps will pro-
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vide a chance for researchers in the two subdiciplines of information retrieval and scientific communi-
cation to exchange technologies and research results, consequently enriching their body of knowledge. 
The procedure and the techniques for generating subject maps will be described in the following sec-
tion. 

The Method for Generating a Subject Map 

The block diagram in Figure 1 shows the procedure for generating the subject map for a specific do-
main. First, documents in the target database are collected. Text information in the documents is statis-
tically analyzed, and relevant terms and conceptual relationships between the terms are extracted. The 
subject map is then generated using a famous neural network technology, self-organizing map (Koho-
nen, 1989). With the generated subject map, users can project terms, documents, or authors to visualize 
patterns of projection according to the problems they are studying. Finally, the users can make some 
interpretations using the results. All the steps in the procedure are described below. 

 
 Document 

Collecting 

Information

Extraction

Map 

Generation

Information 

Visualization 
 

 
Figure 1. The procedure for generating a subject map 

1. Document Collecting 

When we apply the proposed idea to information retrieval, documents in the target databases are di-
rectly used. But we need to collect documents carefully when studying problems in scientific commu-
nication. Researchers in different disciplines pay very different attention to various types of docu-
ments. For example, conference papers are seen as important information sources in computer science, 
but physicists and chemists pay more attention to papers published in journals (Meadows, 1998). To 
collect documents used in the study of scientific communication, observing which types of documents 
are used and produced in scientific research is necessary. 

2. Information Extraction 

In this step, terms (in both Chinese and English) and their mutual conceptual relationships are ex-
tracted from texts of the collected documents, such as titles, abstracts, and even bibliographies. Be-
cause a lot of jargon is used and there are new terms specific to the target domain, constructing a dic-
tionary to store character strings of all possible terms occurring in the documents for term extraction is 
very difficult. In the proposed method, term extraction is based on tests of several types of statistic 
information of character strings to filter out impossible term candidates (Lin, 2004). Sentences in the 
texts of the collected documents are firstly organized into a special data structure, PAT-tree, which can 
store occurrences of all character strings and their contexts in the sentences. The character string of 
every term candidate is retrieved from the PAT-tree (Chien, 1997), and the candidate is then tested 
based on its statistical information in the document collection. The statistical information for a string 
used in the tests includes: (1) the total frequency count of the string in all sentences, (2) the sum of 
average frequency and the standard deviation of the string in each document, and (3) the complexity of 
the front and rear adjacent characters of the string. The first two types of information are used to meas-
ure the importance of the corresponding term candidate to the domain, and the last type is a criterion 
used to determine whether the string is a complete token of a term. When the complexity of a string is 
small, the string is likely to be a partial token of other terms. The term candidates that pass the above 
tests are still filtered out if their leftmost or rightmost part is a stop word. Finally, the mutual relation-
ship of any pair of the terms, defined in the proposed method, is extracted based on their co-
occurrences in the documents. If the term pair occurred together in many documents, the relationship 
of these terms may be strong. The estimation of term relationships is based on the cosine measurement, 
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originally used in the vector space model for applications of information retrieval (Salton & McGill, 
1983). Because the matrix of term occurrences is usually very sparse, we further use the technology of 
“latent semantic analysis” (Deerwester et al., 1990) for the estimation of relationships of term pairs. 

3. Map Generation 

Many technologies have been used to visualize information in graphs in the study of information re-
trieval and scientific communication, such as multidimensional scaling, principal component analysis, 
and singular value decomposition (Lin, 2005a; Lin, 2005b). Self-organizing map (Kohonen, 1989) is a 
neural network technology with the advantages of scalability as well as ease of generation and interpre-
tation, which is usually used to cluster terms and documents in the applications of information re-
trieval. The map, defined in the technology of self-organizing map, is a matrix of points. Each point is 
associated with a vector of numerical values. Initially, the values in the vectors are randomly assigned. 
After thousands of training iterations, the map will finally converge a stable state, in which the vectors 
in neighboring resemble to each other and the structure of training data is embedded in the map. In our 
proposed method, the technology is used to generate the subject map based on the information of terms 
extracted from the documents. Every extracted term is assigned a feature vector of which each element 
is the value of the relationship of this term to the others, estimated in the previous step. The feature 
vectors of terms are used as the training data. After the training procedure, the generated subject map 
can represent the subjects in the documents and their relationships. 

4. Information Visualization 

In this step, the terms extracted from the documents, the authors of the documents, and the documents 
themselves are projected on the generated subject map. The results can provide a graphic representa-
tion to visualize information in the examined domain for further use in the applications of information 
retrieval and scientific communication. When each of the extracted terms is projected, the feature vec-
tor, as that used in the previous step, is assigned again. All the vectors associated to points on the map 
are compared to the feature vector, and the position of the most similar point is selected as the projec-
tion position. Those terms related to the same subject can be projected into very close positions or even 
into the same position. To project a document on the subject map, a vector is created by averaging the 
feature vectors of all the terms occurring in the document. The feature vector of an author is the aver-
age of the feature vectors of all the documents that the author wrote. After the feature vector of docu-
ments and authors are created, the documents and the authors can be projected on the subject map, as 
the process of term projection. 

Concluding Remarks 

In this paper, we propose an idea for integrating research in information retrieval and scientific com-
munication, which are subdisciplines of LIS. This idea is based on the generation and use of subject 
maps for documents in a specific domain. A subject map, as defined in this paper, represents important 
subjects of the target domain and their mutual conceptual relationships, on a two-dimensional graph. 
Information on the subjects used to generate this map is extracted from texts of the documents. The 
subject map can be used in many applications in information retrieval and also in the study of scientific 
communication. For example, it can be used as an interface in information retrieval systems for brows-
ing terms, documents and authors in various subjects. It can also be used as to display terms and their 
relationships in a thesaurus. In the case of scientific communication, it can be a tool to explore research 
and developments in the target domain. We consider the last two applications of subject maps to be 
feasible, as we had carried them out in our past studies (Lin, 2005a; Lin, 2005b). In this paper, the 
method to generate such a map is also described. The method comprises four processes: document 
preparation, information extraction, map generation, and information visualization. All four processes 
are based on concepts and technologies from both the domains of information retrieval and scientific 
communication. 
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In the future, we shall apply the idea of subject maps to other domains, to better understand its 
usefulness and limitations. We will also perform more experiments on subject map generation to im-
prove the results. 
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