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Introduction

This paper presents an application of formal concept analysis to the study of political blogs in the context of the 2008 US presidential elections. Formal concept analysis (FCA) is a framework for data analysis and knowledge representation that has been proven useful in a wide range of application areas such as medicine and psychology, sociology and linguistics, information technology and computer science [1]. The FCA approach is to represent the structure of the domain under consideration as a concept lattice. In this paper, we aim at building lattice-based taxonomies to represent the structure of bloggers’ interests, and by so doing, to identify the most widely discussed politicians at certain periods of time and to track the changes in the discussions over time.

The Data

Our primary data (made available by RTGI SAS/LINKFLUENCE
 ) is built upon the posts published in a selection of 1066 political blogs in the context of the 2008 US presidential elections
. The data was collected from November 1, 2007 to February 29, 2008 by LINKFLUENCE and consists of blog entries each containing the title of a post, its full text, and an associated list of hyperlinks appearing in the post. The data was processed as described in [4]. After some linguistic preprocessing (keyword extraction) and taking into account tags specified by authors of the posts, 79 terms were selected for describing the blogs. Bloggers are identified from the data by their unique blog URLs, and for each of the 79 terms, the dates are specified when this word was used by each blogger.

Formal Concept Analysis

In this section, we briefly recall the FCA terminology and show how it could be applied in our domain. 

Def.: A (formal) context is defined as a triple
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, where G is called a set of objects, M is called a set of attributes and the binary relation 
[image: image2.wmf]IG×M

Í

 specifies which objects have which attributes, i.e. gIm - the object g has the attribute m. For 
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 the derivation operators are defined as follows:
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Put differently, 
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 is the set of all attributes common to all objects of A and 
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 is the set of all objects sharing all attributes of B.

Contexts are usually represented by a binary matrix:
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Def.: A (formal) concept of a context  
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 is a pair 
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, where 
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. In this case we also have 
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 and 
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. The set A is called the extent and B is called the intent of the concept 
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. 

In the context, a formal concept corresponds to a complete submatrix. For instance, a pair ([g2,g4],[m2,m3]) forms a concept in the example above.

Def.: A concept 
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 is a subconcept of 
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 if 
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[image: image21.wmf]DB

Í

). In this case 
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 is called a superconcept of 
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. All concepts, ordered by subconcept-superconcept relation form a lattice, which is called the concept lattice of the context K.  Each vertex in the lattice corresponds to a formal concept. The lattice corresponding to the context above:
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In application to our data, out of the set of all entries corresponding to a certain period of time, we construct a set G of bloggers and a set M of terms. Then, we count the number of times each term occurs in each blog and construct an object-attribute matrix Q where qij is equal to the number of times a blogger i uses a term j. In order to obtain a context, which is essentially a binary matrix, we apply a certain threshold to the matrix Q: if the number of  term occurrences in a blog is above the threshold, then we can say that this blogger is active in discussing a certain topic. This technique reduces noise in data such as accidental occurrences of terms in blogs. In the end, we have a context corresponding to a certain period of time. Then, for a set of bloggers 
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, 
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 represents terms used by every user from A in this period, while, for a set of terms 
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, 
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 is the set of all bloggers who used every term from B. The intent of a concept in this context is a subtopic and the extent is the set of all users active in this subtopic. The concept lattice represents the structure of bloggers’ interests with more populated and less specific subtopics closer to the top.

Stability-based pruning

As the number of concepts exponentially depends on the size of the context, the structures we get are very complex. The diagram below is indeed rather complicated, although it is derived from the context corresponding to the one-day-long period, November 1st, and contains only 49 bloggers and 65 terms. To quote [1], “even carefully constructed line diagrams lose their readability from a certain size up”. The lattice built from this context consists of 202 formal concepts.
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It is very hard to interpret even this diagram, but lattices built upon longer periods, for instance, a week, may contain more than 1 million concepts.  In fact, diagrams are more complex than they should be due to  noise in data. As a result, many groups of users identified by the lattice turn out to be irrelevant. It is desirable to prune the less important concepts in order to build a concise and intelligible representation of a lattice. The pruning technique we describe here is based on the notion of stability, first introduced in [2] in a slightly different form than the one we use here.  

There are two types of the stability index - intensional stability and extensional stability. 

The extensional stability index of a concept indicates how much the concept extent depends on a particular object of the intent. For a formal context 
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 of the context K, it is defined as follows: 
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The intensional stability index of a concept indicates how much the concept intent depends on a particular object of the extent:
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In application to our data, the latter shows how likely we are to still observe the subtopic B, if we ignore several bloggers. As we are first of all interested in intents of formal conceptы, that is, the words appearing in blogs, we apply the intensional stability index to the lattice and remove all concepts with stability below a fixed threshold. 

Blog Analysis

We computed the stability indices for concepts of the lattice corresponding to November 1. There are 17 concepts (out of 202) with the stability index above 0.9. They form a lattice, which is shown in Fig.1. Numbers in squares indicate an extent size of each concept. According to the lattice there were 49 bloggers active at that day and the most widely discussed issue was “war”. Apart from being an important topic on its own, it is also a parent for several associated topics such as “soldiers”, “gun”, and “bush”. The concept {“war”, “bush”} corresponds to the group of people who discussed the war politics of President Bush at that time. 

Fig. 2 shows the lattice corresponding to the 100th day. There are already 396 bloggers active on that date. There are two mostly popular themes according to the lattice: the first is war and topics connected to it (on the right-hand side of the lattice diagram) and the other is upcoming elections (the left-hand side of the lattice). 

To track the evolution of bloggers' preferences during the race, we construct a context containing only the names of the candidates as attributes. There are seven of them: Hillary Clinton, John Edwards, John McCain, Barack Obama, Mitt Romney, Mike Huckabee, and Rudy Giuliani. The dataset has been divided into 17 successive periods of seven days each. Then, a context has been built for each of these periods.  
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Figure 1. Day 1.
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Figure 2. Day 100.

The lattice in Fig. 3 corresponds to November 2007. One can notice a clear partition of the candidates into two groups – democrats and republicans. However, Hillary Clinton, unlike other democrats, was also discussed in the same context as republicans. It might have been so because she seemed the most likely democratic candidate in the beginning of the race. Among republicans the most popular candidate was Giuliani.
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Figure 3. November.

Strong changes in structures appear in the beginning of February: during the first week Giuliani and Edwards lost their positions in the diagrams and the same happened to Mitt Romney in the middle of February (Fig. 4). This reflects the fact that these candidates withdrew from the race at that time. Obama, Clinton, and  McCain were widely discussed by bloggers, while Huckabee was significantly less popular. This may be interpreted as an indication that he would be the next to leave. Indeed, his campaign was over in a month, on March 4.

Thus, it is possible to see from the lattices when a certain politician withdrew from the presidential campaign with an accuracy of a week. It would be interesting to see which candidates the bloggers who discussed them switched their attention to. To answer this question, we compare two contexts: a context corresponding to the period when the candidate is still in the race and a context corresponding to the period when he or she has withdrawn are compared using the notion of extensionally related concepts described in the next section. 

Dynamic mapping 

In order to capture the difference between two time points, a technique has been proposed based on the notions of extensional and intensional relations [6].
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Figure 4. The beginning and  the middle of February.

Def.: Let 
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 be two contexts describing the same domain in two different time points (or periods). Consider two concepts 
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, then we say that 
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 are extensionally related.

In the case of blog data, concepts extensionally related to 
[image: image53.wmf](A,B)

 represent the evolution of the group A between two time periods in terms of what happens to its members. This means that, if all users dealing with topic B during one period switch to topic D in the next period, B should be then considered as the equivalent D, even if B is still an active topic.

In application to the real data, we consider two concepts to be related if the size of the intersection of their extents is above a fixed threshold, for instance, 0,5 of the extent size. We compare all the concepts from each context according to this technique and find extensionally related pairs. 

In Fig. 5, there are two lattices corresponding to the time periods before and after the withdrawal of  Rudy Giuliani. According to the results, the concept with intent “Giuliani” is extensiollay related to the concept with intent “John McCain”, while the concept with intent “John Edwards” is extensiollay related to the concept with intent “Barack Obama”. This means that people who earlier disucussed Giuliani switched to McCain after his withdrawal and those who discussed Edwards switched to Obama. The former relation makes sense because Senator McCain and Mr. Giuliani are longtime friends and they frequently complimented each other at debates. When Rudy Giuliani formally dropped his presidential bid, he endorsed John McCain
. 
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Figure 5. Extensionally related nodes.

Conclusion

This work introduces a possible application of Formal Concept Analysis methods to the study of political blog data. FCA methods make it possible to represent visually the structures of  interests of bloggers, which helps to concentrate on the most important and interesting events. 

In a dynamic perspective, this approach enabled us to characterize the processes taking place during the 2008 U.S. presidential election in terms of how they were reflected in the American blogosphere.  
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