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Abstract. Web search, academic search and expert search engines often have
difficulties in classifying and ranking objects and generating summaries for
them. In this paper I propose that data retrieved from mind maps may enhance
these search applications. For instance, similar to anchor text analysis,
documents, i.e. web pages or academic articles, linked in a mind map might be
classified with text from the linking nodes. This idea, along with additional
ideas, related work, the indented methodology, and first research results are
summarized in this paper.
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1 Introduction & Motivation

Search engines need to classify objects such as websites, books, academic papers or
people, and make them retrievable, usually via keyword search. This task includes the
need for good ranking algorithms to determine the order of search results. Search
engines also need to summarize the contents of indexed objects and display these
summaries on the result page. For a website, a summary could be the website’s title or
extracts of those parts of the website in which the search term occurs. Many search
engines also offer a function to display related objects. For instance, when a user finds
an interesting web page with Google he can click on the “similar” link to retrieve a
list of similar web pages.

However, neither classifying objects, nor ranking them, nor creating summaries,
nor identifying related objects is a trivial task. Synonyms, unclear nomenclature, and
different needs of users are only some of the difficulties search engines have to cope
with.

In this paper I present my PhD project which aims at enhancing the classification
and ranking of objects, summarization of objects and identification of related objects.




An object can be any item search engines index such as web pages (web search),
books (book search), academic articles (academic search), mp3s (music search) or a
person’s skills and interests (expert search). The focus of my research is on enhancing
these search applications by utilizing data retrieved from mind maps. Mind maps are
special kinds of documents that have not been utilized for information retrieval
before, to the best of my knowledge.

In the following, related work is presented about mind mapping and problems that
search engines have to cope with. Then, the main research question and some ideas
are presented how data retrieved from mind maps could help in solving or at least
alleviate the stated problems. In the fourth section the intended methodology is
presented, followed by first research results that were obtained during the last few
months of my study.
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Figure 1: Mind Map of this Paper

2 Proposed Research & Related Work

In the following I describe some initial ideas how mind maps and data retrieved from
them could be used to enhance search applications. In addition, related work is
presented. All ideas are based on the assumption that the text in a mind map may
describe the mind map’s author as well as objects linked in the mind map.



2.1 Mind Maps

Mind maps were originally invented by Tony Buzan in the 1970s [1] and are
nowadays used by millions of people for brainstorming, note taking, project planning,
decision making, and document drafting. A mind map is a graphical representation of
ideas and always has a central node which represents the main idea the mind map is
about. From the central node child-nodes cover sub-topics. Figure 1 shows an
example — the mind map I created as draft of this paper. Hundreds of books and
research articles were published about how to create mind maps and about evaluating
mind maps’ effectiveness, for instance, in the field of education.

Over 100 software tools exist to support the creation of mind maps [2]. The most
popular ones are MindManager with about 1.5 million users [3] and FreeMind with
about 150,000 downloads a month [4]. Most software tools for creating mind maps
support the following key features: the addition of notes to a node (see ‘1’ in Figure
1), adding attributes to a node, e.g. a BibTeX key (see ‘2’ in Figure 1 ), linking a node
with a file, e.g. a PDF (see ‘3’ in Figure 1), and unfolding branches (see ‘4’ in Figure
1: all branches with the little circle can be unfolded which would reveal more nodes).

As there are millions of mind mapping users, there are presumably tens of millions
of mind maps on the users’ computers. In addition, there are mind map galleries on
the internet on which users can offer their mind maps for download. All these mind
maps contain lots of information about the users who created the mind maps as well
as about objects linked in the mind maps (e.g. websites). Nevertheless, this rich
source of information has not yet been used in information retrieval.

2.2 Document Classification and Ranking

Related Work

In keyword search, a document is generally considered more relevant the more often
the search term occurs in the document (in relation to the overall word count) [5].
Common algorithms based on term frequency are TF-IDF [6] and BM25 [7]. For
some years, not only word frequency but document structure has been taken into
account: a word occurring in the title is weighted more heavily than a word occurring,
for instance, in the body text. A popular algorithm in this field is BM25f [8].
Problematic with such approaches solely based on term frequency and document
structure is that a document will only be found for specific words the author has used
in the document, but not for any synonyms.

Therefore, some search engines classify documents with terms contained in
‘neighbored’ documents. That means if document A and document B are somehow
related, terms occurring in document B might be used to classify document A.
Relatedness usually is assumed when two documents are connected via hyperlinks (in
case of websites) or references (in case of scholarly literature). A common approach
in this field is analyzing anchor text of links [9]. That means terms from the
descriptive text of a hyperlink are used to classify the linked document.

An extension of anchor text analysis is the analysis of social tags or so called
“folksonomies” [10] to enhance search engines. Social tags can be used to classify
documents instead of analyzing the document’s text [11] or as addition [12]. In the



latter case a social tag could be seen as additional text field with a certain weighting
comparable, for instance, to the occurrence of the term in the title or abstract.

To improve ranking, some search engines consider the quality or popularity of a
document. The basic assumption is that the more popular a document, the more likely
other users will like it. Accordingly, popular documents are ranked higher than less
popular documents. Some of the most applied algorithms for determining document
popularity are Google’s PageRank [13] and HITS [14].

Overall, classification and ranking of documents works quite well. However, every
search engine user knows that there is still room for improvement.

Proposed Research

I propose that mind maps may be seen as neighboring documents to those documents
linked in the mind map. Accordingly, approaches such as anchor text analysis could
be applied to mind maps. In the example (Figure 1) one of the nodes, called “original
pagerank paper”, links to a PDF file on my hard drive. This linked PDF is the article
in which S. Brin and L. Page introduce the PageRank algorithm [13].

The text of the node “original pagerank paper” could be considered as anchor text
and the linked paper could be classified with it. In addition, not only text from the
linking node itself could be taken but from parental nodes, too. In the example, the
parent nodes of “original pagerank paper”, i.e. “quality of page” and “document
classification and ranking”, describe Brin and Page’s paper quite well, too.

However, the challenge would be to identify the appropriate nodes. For instance,
the parent-node “related work™ would not appropriately describe the linked paper. In
addition, some nodes do not contain a few keywords but a long text. In this case, it
would be necessary to extract the most relevant keywords from the text.

2.3 Document Summarization

Related Work

Search engines display summarizing data for a search result. This may be the
document title, URL, or an extract of the document’s text. Alternatively to extracts,
researchers automatically created abstracts [15] and created summaries based on user
generated data such as hyperlinks [16], and social annotations [17]. However, it is
debatable whether current summarization approaches deliver satisfying results. For
instance, the summary of the search result in Figure 2 does not seem to be very
informative as there is lots of repetition.

Using Mind Maps To Teach Social Problems Analysis.
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Title: Using Mind Maps To Teach Social Problems Analysis. ..
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Figure 2: Example of Summary Data on Google Scholar



Proposed Research

Mind maps could be used to complement summarization of documents. A node’s text,
and the text of parent nodes, could be seen as a summary for the linked document. In
the example (Figure 1) a summary for Brin and Page’s paper [13] could be

document classification and ranking — quality & popularity of page —
original pagerank paper

This summary could be displayed instead or in addition to text extracts (see Figure
3 for an example).
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Figure 3: Additional Document Summary

2.4 Document Relatedness

Related Work
To determine related documents, search engines often apply text analysis. Simply
said, the more words two documents have in common, the more related they probably
are ([18] provides a good overview on this topic). Collaborative filtering is another
approach for determining related documents. It includes the process of clustering
documents (or other objects) e.g. based on ratings of users ([19] provides an overview
on collaborative filtering based recommender systems). Finally, citation analysis,
more precisely bibliographic coupling [20] and co-citation analysis [21], are
approaches to determine document relatedness, foremost in the field of scientific
documents.

Text based approaches again have to cope with synonyms and unclear
nomenclature and the other approaches suffer from the fact that usually only a
fraction of items in a collection are cited/linked or rated.

Proposed Research

Common link and citation analysis approaches could be applied on mind maps to
calculate the relatedness of linked documents. The basic idea, analog to co-citation
analysis, would be: two documents linked in the same mind map are related. This
could be extended analog to Citation Proximity Analysis [22]: The higher the
proximity of linked documents within the mind map, the higher their relatedness may
be assumed.



In the example (Figure 1) the “original pagerank paper” [13] and “original paper
about HITS” [14] are linked in direct proximity - the distance between them is just 1
(only the parental node divides them). In contrast, the “original bm25 paper” [7] is
linked in a different branch of the mind map. Accordingly, the HITS and PageRank
paper would be assumed to be more closely related than the PageRank and BM25
paper (which probably would be considered true by most people).

2.5 SKkill Classification

Related Work
Finding the right experts in a big company e.g. for a certain project is a difficult
endeavor. In first attempts, databases were used and employees could enter their skills
manually [23].

In the last decade much research has been performed on automatically creating
skill profiles. Probably the most promising approach is analyzing documents. For
instance, if a researcher has published many documents containing the word
‘information retrieval’, she probably has some expertise in the field of information
retrieval. Typical documents being analyzed are visited websites [24], emails [25],
and other documents someone has written [26].

Proposed Research

The ideas presented so far require that a user links external documents such as PDFs
or websites in a mind map. However, even if no documents are linked in a mind mabp,
interesting data can be retrieved — not about documents but about the mind map's
author.

I propose that a mind map describes very well the skills and interests of its author.
Therefore, expert search systems could be enhanced with data retrieved from mind
maps. Similar to analyzing emails or other documents authored by a user, each node
in a mind map may be taken as a description of the user’s skills or interests. For
instance, if the mind map in the example (Figure 1) was utilized by the expert search
system my company employs, my boss might be presented with my name if he was
searching for someone knowledgeable in the field of mind maps, information
retrieval, PageRank, etc.

Knowing the skills and interests of someone is not only interesting for expert
search, but also for advertising. If a user creates a mind map, for instance, about his
upcoming holidays, relevant advertisement for hotels, rental cars, etc. could be
displayed.

3 Research Question

Although millions of people are creating mind maps and presumably tens of millions
of mind maps must be stored on peoples’ computers, no one (to my knowledge) has
ever attempted to retrieve information from these mind maps to enhance other
applications.



In my PhD project I will answer the research question:

“How can data retrieved from mind maps be used to enhance search
applications?”

4 Methodology

4.1 Data Collection

The most critical issue in my PhD project is the availability of data. While millions of
web pages or PDF files are publicly available, mind maps usually are not. However,
there is around a dozen websites on which thousands of users offer their mind maps
for public download (e.g. www.mappio.com or www.xmind.net/share). These mind
maps should be sufficient for my PhD project. I am also developing my own mind
mapping software SciPlore MindMapping (www.sciplore.org) which allows me to
analyze mind maps created by SciPlore MindMapping’s users.

4.2 Development

After collecting a sufficient number of mind maps I will apply existing approaches
from citation analysis and text mining on mind maps. Most likely, these approaches
cannot be applied one to one. Therefore, I will have to modify them to suit the needs
of mind mapping. I will also attempt to develop unique approaches solely focusing on
mind maps. Furthermore, I will have to develop additional tools to analyze and extract
data. For instance, I require a tool for identifying PDF files that are linked in the mind
maps.

4.3 Evaluation

Once the algorithms for classifying documents, creating summaries, determining
similarities and creating skill profiles are developed, the data needs to be evaluated.
This will be done via the academic search engine SciPlore.org, which I am
developing, and a web service.

SciPlore.org is an academic search engine which I will use for evaluating my
results. So far, SciPlore.org classifies documents only with BM25 based on the full
text of a document. For evaluation, results will be displayed as a mix of classifications
based on BM25 only and classifications based on BM25 and data retrieved from mind
maps. If results based on BM25 and mind maps are clicked more often by users than
results based on BM25 only, I would consider my approach as superior. The same
evaluation would be done for the other approaches I proposed in this paper: Based on
click-through rates, the performance of my approaches is evaluated.



For my data I will offer a web service. This way, other websites (possibly CiteSeer,
CiteULike, etc.) could access the data and enhance their services. Based on their
click-through data, my approaches could then be evaluated, too.

5 First Results

In the past months some results were already obtained.

A tool for extracting titles from PDF files (from the full text; not the PDF’s
metadata) was developed which achieves descent results [27].

A mind mapping software was developed. The beta version can be downloaded at
www.sciplore.org. A video is available demonstrating the features'.

A pilot study was conducted [28]. In this study the relatedness of documents was
calculated based on mind maps. The participants rated those documents linked in high
proximity in a mind map in most cases, as highly related. In contrast, the participants
rated a control pair of papers significantly less often as related. However, the study
had only 5 participants and can therefore only be seen as a very first indication that
mind maps might be used to determine document similarity.

6 Summary & Outlook

In this paper several ideas were presented how data retrieved from mind maps could
enhance search applications. It was proposed that mind maps may enhance
classification of documents, when approaches such as anchor text analysis would be
applied to mind maps. Further, mind maps might also enhance expert search,
document summarization and document recommender systems. However, several
challenges exist. Among others, data availability and the risk of fraud might become
an issue.
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