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ABSTRACT 

In a previous paper we presented various ideas on how 

information retrieval on mind maps could enhance applications 

such as expert systems, search engines and recommender 

systems. In this paper we present the first research results. In a 

brief experiment we researched link analysis respectively citation 

analysis, if applied to mind maps, is suitable to calculate 

document relatedness. The basic idea is that if two documents A 

and B are linked by the same mind map, these documents are 

likely to be related. This information could be used by item-

based document recommender systems. In the example, 

document B could be recommended to those users interested in 

document A. In addition, we propose that those documents linked 

in high proximity within a mind map are more closely related 

than those documents linked in lower proximity. The results of 

our experiment support our ideas. It seems that link analysis 

applied to mind maps can be used for determining the 

relatedness of documents and therefore for improving document 

recommender systems.  

Categories and Subject Descriptors 

H.3.3 [Information Storage and Retrieval]: Information Search 

and Retrieval – information filtering, retrieval models, search 

process 

H.3.7 [Information Storage and Retrieval]: Digital Libraries – 

system issues, user issues 

General Terms 

Algorithms, Measurement, Documentation. 

Keywords 

mind maps, recommender systems, research paper recommender, 

document recommender, metrics, citation analysis, link analysis 

1. INTRODUCTION 
Mind mapping is a common method to structure and visualize 

ideas, manage electronic literature and to draft documents. Some 

users do link in their mind map to external documents such as 

PDFs or websites. Some even cite scholarly literature, for 

instance by adding BibTeX keys to a mind map’s node (see 

Figure 1 for an example). In a recent paper we proposed to 

analyze these links and references to determine the relatedness of 

those documents that are linked in the mind map [1]1.  

The basic idea is that two documents are related if they are both 

linked by a mind map. In addition, it was assumed that the closer 

the links occur in the mind map, the higher related the linked 

documents are. If the assumption proves to be right, Link 

Analysis in Mind Maps (LAMM) could be used to enhance 

search engines and document recommender systems since these 

systems often present related documents to their users.  

We conducted a brief experiment to test the proposed idea and 

present the results in this paper. The focus of this paper lies on 

calculating the relatedness of scholarly literature and on 

enhancing research paper recommender systems as we plan to 

integrate LAMM into our academic search engine and research 

paper recommender system SciPlore2. However, it's highly 

probable that the results would be similar for other kind of 

documents linked by a mind map such as websites. 

In the next section, related work about research paper 

recommender systems and citation analysis is presented. It is 

then followed by a section showing the methodology which has 

been used to evaluate LAMM. Finally, the results, a discussion, 

and an outlook towards future work conclude.   

2. RELATED WORK  
Several attempts have been made to establish research paper 

recommender systems [2-7]. Some of them use citation analysis 

to determine the degree of relatedness between two papers. An 

overview of different citation analysis approaches for 

determining the relatedness of research papers is given in [8]. At 

                                                             

1 In this paper we do not distinguish between linking files and 

referencing scholarly literature, for instance with a BibTeX 

key. Citations, links to files on the user’s hard drive and 

hyperlinks to websites are all considered as ‘link’. 

2 http://www.sciplore.org 
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this time, our research focuses on co-citation analysis [9] and its 

extension citation proximity analysis [10].  

According to co-citation analysis, two papers A and B are related 

if a third paper C references both. If more than one paper 

reference paper A and B together, their relatedness is supposed 

to be even higher. Citation proximity analysis additionally 

considers the location of citations in the full text: Two papers A 

and B are supposed to be more highly related when they are 

closely referenced by a third paper C in the text. For instance, if 

paper C references paper A and B in the same sentence, A and B 

are likely to be highly related. If paper C references paper A in 

the beginning of a 100-page document and paper B at the end, 

their relatedness is probably not nearly as high.  

Co-citation analysis and citation proximity analysis can be used 

by research paper recommender systems to make item-based 

recommendations: If paper A and B are related, paper B may be 

recommended to those users interested in paper A (but not 

knowing paper B yet).  

However, co-citation analysis and citation proximity analysis 

have to cope with some drawbacks. 

1. Availability of Data: Co-citation analysis and citation 

proximity analysis cannot be applied to all research 

papers due to a lack of (correct) data [11, 12]: many 

research papers are not cited at all; citation databases 

such as ISI Web of Knowledge do not cover all 

available publications; and due to technical difficulties, 

citations are not always recognized correctly, which in 

turn leads to incorrect data in citation databases. 

2. Robustness of Data: Citations are often considered as 

biased because authors do cite papers they should not 

cite and do not cite papers they should cite [12]. 

Accordingly, citation based recommender systems 

might provide irrelevant recommendations. 

3. Timeliness of Data: Publishing scientific articles is a 

slow process and it takes months or even years before 

they are published and citations are received. 

Accordingly, documents recommended based on 

citation analysis are, at the very least, several months 

old. 

4. Metrics: There exist metrics for measuring the 

relatedness of research papers based on citation 

analysis (for instance, coupling strength [13] or the 

citation proximity index [10]). However, to our 

knowledge, each metric focuses solely on one citation 

analysis approach and no combining metric exists yet. 

Consequently, relatedness of research papers based on 

citations cannot be measured and expressed thoroughly.  

Summarized, citation analysis applied to scholarly literature can 

do a good job in identifying related articles, but there is room for 

improvement.  

3. METHODOLOGY 
Our intention was to conduct an experiment to obtain first 

indications if Link Analysis in Mind Maps (LAMM) might be 

suitable for determining research paper relatedness. Two 

assumptions were researched: 

1. Two research papers A and B are related if at least one 

mind map links them both 

2. Two research papers A and B are more highly related 

the more closely they are linked within a mind map 

As part of the experiment, five mind maps were analyzed which 

were originally created for drafting research papers, respectively 

Masters Theses3. That means each of the mind maps links at 

least to a few PDF files representing academic articles. From 

each mind map, links (respectively citations) to three articles 

were extracted and pairs were built (see Figure 2 for 

illustration). The first pair was built from the first and second 

link in a mind map.  Since the distance between them was low, 

we expected this pair to be ‘highly related’. The second pair was 

built from the first and last link in the mind maps. Here, the 

distance between the links was high. Accordingly, we expected 

the corresponding articles to be less closely related.  

                                                             

3 Two mind maps represented drafts of our own papers and three 

mind maps were created by some of our students for their 

Masters’ theses.  

 

Figure 1: Mind map draft of a paper (arrows indicate a link to a PDF file; the tooltip displays a BibTeX key) 



To test our assumptions, titles and abstracts of the linked PDFs 

were extracted. Since five mind maps were analyzed, five pairs 

with low distance (expected relatedness = (very) high) and five 

pairs with high distance (expected relatedness =low) existed. In 

addition, five ‘control pairs’ of papers were created. We created 

these pairs in a way that they should appear as not being related 

to each other at all4.  
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Figure 2: Link Extraction from the Mind Maps (Illustration) 

All pairs were shown to five participants5 and the participants 

had to rate the relatedness of the pairs on a scale from 1 to 5 

(1 = not related, 5 = highly related) . For evaluation, ratings were 

painted in a scatter plot for each participant as well as the overall 

rating (mean and median). A more detailed statistical analysis 

was not considered necessary, since the graphs showed quite 

clear results and the amount of data was too little for extensive 

statistic analyses. 

4. RESULTS  
Figure 3 shows the results. On average (mean), those pairs 

linked closely together in the mind maps were considered 

significantly more often (highly) related than those pairs not 

linked closely together. The control pairs, which were not linked 

by any mind map, were all rated as not related, on average.  

                                                             

4 The papers were taken from the SciPlore database, were not 

linked by any of the mind maps and did not cite each other.  

5 None of the participants were involved in creating the mind 

maps. The pairs of papers were distributed to the participants 

without their knowledge of the pairs being linked by a mind map 

or not. Each participant was shown all 15 pairs at once.  

Some outliers exist: On average, pair 2 in mind map 2 was 

considered higher related than pair 1 in mind map 2. In addition, 

pair 2 of mind map 3 and pair 1 of mind map 5 were rated as 

almost not related. However, this is not surprising since mind 

maps are usually used for drafting a paper and therefore 

variances are to be expected. 
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Figure 3: Relatedness of Pairs in Mind Maps (Mean) 

5. DISCUSSION 
Overall, the results are a first indication that mind maps can be 

used to calculate research papers’ relatedness. However, it needs 

to be emphasized that all five mind maps were created by our 

students and ourselves and hence came from the same ‘school of 

thought’. It's very possible that other researchers use mind maps 

in a different way, which would then lead to variations in the 

results. 

In addition, similar problems as for classic ciation analysis are to 

be expected for Link Analysis in Mind Maps. These problems are 

related to data availability, robustness, timeliness and metrics 

and are discussed in the following sections. 

5.1 Availability of Data 
Data availability seems to be the main challenge LAMM will 

have to face. It is unknown how many researchers use mind maps 

and how many are willing to share their data. It could be that the 

number is rather low. Nevertheless, mind mapping is a popular 

application. For instance, the mind mapping tool FreeMind is 

downloaded over a 150,000 times a month [14], more than 1.5 

million people use MindManager [15] and there exist dozens of 

tools more [16, 17]. Even platforms for sharing mind maps exist 

already6. On our website sciplore.org we also offer a special 

mind mapping software for researchers which will enable us to 

collect mind maps [18].  

Overall, we are confident, that sufficient data can be collected 

that makes LAMM worth researching. Certainly, it will never 

replace citation analysis in scholarly literature or hyperlink 

analysis on websites but LAMM could serve as a complement for 

both.  

                                                             

6 For instance, http://www.mappio.com, http://share.xmind.net, 

and http://www.mindmeister.com/maps/public/ 

To build a pair of papers with a potentially high relatedness, the very first and the 

second link of a mind map were taken, so the proximity between the two papers was 

high. To obtain a pair of papers with rather low relatedness, the very first and the very 

last link of a mind map were taken. 



Technical problems (in terms of identifying references) should be 

equal or even less for LAMM than for classic citation analysis. If 

users link to a unique identifier such as a BibTeX key, the 

corresponding metadata should be easily extractable from the 

user’s bibliographic database. If the user links a PDF file, at 

least the title should be easily identifiable from the PDF, in most 

cases7. 

5.2 Robustness of Data 
All social media platforms do have to cope with spam and fraud 

as soon as they become successful. There is no reason to assume 

this would be different if mind maps were used for calculating 

relatedness of documents. However, most social media platforms 

also find a way to cope with fraud and spam. If only mind maps 

of ‘trusted’ users were used, serious spam and fraud could 

probably be prevented successfully. Trustworthiness of users 

probably could be determined in cooperation with social 

networks, other community websites or by usage data of mind 

mapping software.   

5.3 Timeliness of Data 
With LAMM, timeliness has a clear advantage over classic 

citation analysis. Mind maps do not need to be published in 

journals or at conferences. They could be analyzed the moment 

they are created. This would enable research paper recommender 

systems to recommend new publications faster than with classic 

citation based approaches. 

5.4 Appropriate Metrics 
LAMM could use the same metrics that are used for citation 

analysis. Perhaps slight modifications would have to be made, 

but overall, metrics should be very similar (and so the 

advantages and disadvantages of citation based metrics). 

6. SUMMARY & FUTURE RESEARCH 
In this paper we presented Link Analysis in Mind Maps 

(LAMM). LAMM is an approach for determining the relatedness 

of documents by applying methods from hyperlink and citation 

analysis to mind maps. The basic idea is: If two documents A and 

B are linked or referenced by a mind map, these articles are 

likely to be related. Consequently, a recommender system could 

recommend document B to those users liking document A. In 

addition, we proposed that two documents are higher related 

when their proximity in the mind map is higher. In a small study 

(five mind maps and five participants) we obtained first 

indications that our assumptions could be true. The participants 

rated research articles that were linked in high proximity in the 

mind map, as more highly related than those articles linked 

within low proximity. Advantages and problems of LAMM in 

comparison to classic citation analysis were also discussed in this 

paper. Especially in respect to timeliness, MMCA seems likely 

to outperform classic citation analysis. On the other hand, data 

availability is likely to be a much larger problem than it is for 

citation analysis.  

Overall, LAMM might prove to be a promising field of research 

having the chance to complement classic citation analysis and 

                                                             

7 We developed a tool for extracting titles from PDFs. First tests 

are promising. 

enhance research paper recommender systems in the long run. 

However, there is a need for more research since many questions 

remain unanswered: 

 How many researchers are using mind maps? 

 How many are willing to share them? 

 How can spam and fraud be prevented? 

 Which metrics should be used to measure relatedness?  

 How should these metrics be combined with existing 

ones based on citations and other techniques (for 

instance, based on text mining and collaborative 

filtering)? 

While this paper focuses on determining relatedness of scholarly 

literature, LAMM could be applied equally well to other 

document types such as web pages. 
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