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Abstract

The determination of research trends and characteristics of the patenting activities is extremely important for decision making in R&D management. The decisions are made on allocation of R &D resources basing on the information on the most actively studied problems, their relations and intensity of patenting activity. The most important issues for the decision makers are: objective identification of the key problems, their relations and the changes of research intensity with time. This work presents an attempt to support R&D decision makers by mapping the given research field and visualize its dynamics. The case of ceramic membranes is used to illustrate the basic concepts of this approach.
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1. Introduction 
The determination of the major trends in a given field of science or technology is difficult and simultaneously very important issue in planning of research activities. The decisions on allocation of the research resources have to be made basing on   the identification of the major subjects of research, how they are related and what is a dynamics of their change. The careful analysis of the published papers and patents in the given field is one of the  major sources of information for identification of the research and development trends.
This work presents a method for determination of the major research trends in a given field, visualization of the dynamics of changes of the research priorities and imaging the relations between the major research issues. It links sophisticated analytical tools for identification and clustering of the documents with visualization techniques that enable understanding of the emerging trends. 

The method developed in this work is illustrated by the identification of the research trends in the field of ceramic membranes. Membrane separation is used in many industrial applications thanks to numerous advantages, e.g. considerable energy savings, operational flexibility, etc. The special attention is paid to ceramic membranes which are made of inorganic materials such as aluminum, titanium and zirconium oxides or glassy materials. The ceramic membranes are characterized by high chemical, mechanical and thermal resistance. The major field of application for ceramic membranes is micro and ultra filtration realized in. chemical and metal industries, pulp and paper, food and beverages, etc.
The presented analysis is based on the studies of patents and articles published in 1999 -2006 in US patent and Science Direct (ELSEVIER) databases. The analysis was performed on full text of the patents and articles. The proposed method is a very useful approach for the identification of problems of great interest to academia and industry aiming at shortening time needed for development of new products and processes.
2. Description of  the Method

It is a well-known fact how difficult is to propose successful innovation strategy. One of the reasons is amount of available information to be analyzed before any decision is to be taken. It is a fundamental problem to perform an analysis of growing number of information sources in order   to minimize the amount of time and money invested into a new research to ensure a development of successful product or process. The key problems to be addressed when a new research is initiated are:

· What research issues could be identified in the particular field?

· What is intensity of the work dealing with the specified research problem?

· How the classes of the research problems are related to each other?

A method is proposed to answer the above-mentioned questions. It is based on use of two types of tools. The first one is aimed at mapping the research problems and visualization of research intensity. The second tool is used for the generation of a map of relations between the research problems.
The mapping of research field could be realized by many visualization tools available in the market, Chen, (2006). The applied methods are based on the authors (papers) citation and co-citation or co-words analysis. However, none of them is capturing the structure of the research field by identifying the research problems. 
2.1. Mapping of research problems
In our approach we are using software Knowledgist TM for the semantic analysis of the text of articles and patents. As a result, the structures subject-action-object are generated. The use of the specialized knowledge bases allows organizing the concepts into problem-solution relationships. The semantic analysis of the text leading to the determination of the structure subject-action-object (SAO), and finally to the identification of the pair problem-solution (PS), is based on the method presented in the set of the patents and patent applications. The outline of  the analysis performed by Knowledgist TM  has been presented in  Kraslawski (2005).
The application of Knowledgist TM allows for the identification of the major classes of problems studied in a given field.  The next step is to present the intensity of the research on the specified problems in a given time.  The result of such analysis is a landscape of the problems studied in a given field in a specified period of time.
There are the following steps for building the landscape of the research trends in a given field.

· Identification of the research problems in the given  field 

· Classification of the identified problems into the classes

· Grouping of the classes of the problems studied in a given year

· Visualization of the major classes of the problems studied in given period of 


time  

The final result is a diagram illustrating the rate of the changes in the studied problems in a specific period of time as presented in Fig 1. MATLAB was used to build the map. There are three axes to mark years, classes of the problems (in a Fig 1, classes from 1 to 5) and the number of the papers addressing the particular problems.

The analysis of the valleys and peaks allows for the interpretation of the intensity of the research and identification of the dominant trends in a field. For example a sudden drop in intensity of the research on given problem could suggest that it is solved or creates a major opportunities not for research work but for patenting activity.
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Fig. 1: A map presenting a change of the number of papers with time and the major research issues studied in a given period of time.
2.2. Social Networks

Social network is a structure made of nodes-actors  (individuals or organizations) that are tied by the specific types of relations between them, e.g. phone calls, transactions, e-mail exchange, etc. The concept of social network is applied in many different fields: workflow in the organizations, studies of criminal activities, transactions supervision, etc, Hanneman and Riddle (2005). 

In order to understand networks one has to assess the location of the actors in the network. It is achieved by determining the centrality of the nodes. The most common measure of centrality is a degree of centrality. It is a count of the number of nodes attached to each node in the network. The other measures of centrality are betweenness and closeness. Betweenness measures the extent to which a node lies on the shortest path between every other pair of nodes. Closeness gives the number of links that an actor in the network must go through in order to reach everyone else in the network, Fig 2 
In this work, the social networks are used for identification and visualization of  new research trends. The analysis is based on the studies of relations among the research papers. It means how the given publication is cited in other research papers. The frequency of citation of a particular paper indicates the intensity of research in that field.

Usually a social network is built automatically basing on the voluminous databases. There are many tools used for creation and analysis of social networks, Piquepaille (2003). One of them is Pajek,  Batagelj (2007)..  In this work, Pajek was used for the visualization of the relation between research papers on ceramic membranes. The final result of the analysis is a figure illustrating the character and intensity of citations between the papers
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Figure 2: Centrality in social network. The node A has a high degree of betweenness and the node B has a high degree of centrality.

Social network analysis has three important elements.

1. Group: The network analysis starts with identification of the groups. In this work, in order to avoid the excessive complexity, there were used only 64 papers on ceramic membranes to build the network from about 800 originally identified articles. The groups of papers are later categorized under the different subgroups of identified problems. The individual units in a group are referred to as actors or nodes.
2. Interactions: Social network analysis investigates the relationships between actors.. In this work, the objective was identification of the most cited and important references in the field of ceramic members within a specified period of  time. The pattern of interaction in a group is called a social network.
3. Attributes: With the help of attribute data, it is possible to determine whether there are systematic factors that influence interactions between members of a group. 
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Figure 3: Citation analysis of the papers on ceramic membranes published in years 1999-2006
4. Results 

The analysis of the full text of research papers and patents, published in 1999-2006, allowed to identify 64 papers and 104 patents dealing with ceramic membranes.

The identified papers and patents have been further studied using semantic analysis software  Knowledgist TM. The five major classes of problems have been identified, as a result of the careful computer analysis and expert evaluation:
1. Improvement of equipment performance 

2. Separation of gases

3. Prevention of fouling

4. Separation of organic mixtures

5. Development of new filtration equipment

The dynamics of the development of the particular classes of the problems in the patents is presented in Fig. 1. The analysis of the figure shows the clear dominance of the patents related to the improvement of the equipment performance. There are visible two waves of activity related to this problem; the first is a set of patents published in years 2001-2003 and the second, a group from years 2003-2006. The patenting activity dealing with the improvement of the equipment performance is much more visible than that for the class of problems dealing with the separation of organic mixtures which had its maximum in 2004. The other problems were much less interesting for patenting than these two dominant groups of problems.  
The use of metaphor of social networks allows to identify the major subjects in the research papers on ceramic membranes which were published in years 1999-2006. The analysis of the Fig 3 allows identifying how the publications dealing with five major classes of problems are interconnected. It is clearly visible that the classes of the problems are grouped around ”the central papers“ in their groups. It means that the papers on improvement of equipment performance are mainly related to paper 1; papers on separation of gases clustered around publication 9; prevention of fouling is centered around paper 22; separation of organic mixtures - paper 19 and development of new filtration equipment - paper 6. The mentioned papers are most often cited by the other papers. It means they have the most of the connections and, using the analogy from social network, the greatest influence on the whole “population” of the other papers. 

Especially interesting are the papers which belong simultaneously to two or more classes of the problems.  Such papers could initiate   new research directions as they deal with the different aspects of the research on ceramic membranes. The examples are the following papers: 7 (development of new filtration equipment and separation of gases); 20 (improvement of equipment performance and  separation of organic mixtures) and 37 (separation of gases and separation of organic mixtures)

The problems to be studied are for example: the change, with time, of the connections between the groups of problems, emergence of new “dominant publications” and identification of emerging and disappearing subjects of research.
The final results of this work are presented in two maps; a diagram illustrating the change in the studied problems in a specified period of time, Fig. 1 and a figure showing the relations between the major papers and groups of the problems, Fig. 2. They enable easy and objective classification of the major research areas, identification of the relations between the various classes of the problems and changes in their importance and discovery of the emerging research problems which could result in the patenting activities. The proposed approach for identification of the major research issues and the discovery of the relations between them is based on the objective analysis of research papers and patents. It allows to avoid the judgments biased by the interests of experts presenting their opinion, as it is in the methods like SWOT or DELPHI, thanks to the application of the semantic analysis of the texts.
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