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Motivation 

 
General aspects of network analysis and 
network models are increasingly used to 
understand/support online communities. 
 
Illustrate relevance for TEL! 
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The persuasiveness  
of network analysis 
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Outline 

• Network analysis 
- general foundations / origins 
- analysis of social networks 

• Case study 1: 
Detection of innovators/trends in online 
(learning) communities 

• Case study 2: 
Concept mapping study 

• Outlook 
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Part 1 

Network Analysis 
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Guess who ... 

Who said of himself that he was a machine 
that converted coffee into mathematical 
theorems ? 

Paul Erdös, 1913-1996 
Hungarian mathematician 
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... and why is he of interest? 

Theory of “random graphs” 
or “random networks” 

A random network, is a graph which contains 
links that are chosen at random with equal 
probability for inter-linking.  
Random links typically result in shortcuts to 
remote nodes. For example, random links 
between nodes #6 and #10 or nodes #4 and #1 
serve to reach to clusters on the opposite side 
of the network. This shortening of path length 
tends to increase connectivity.  
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Another Hungarian ... 

Albert László Barabási 
born 1967, scientist (esp. physics)  
now at Northeastern University (Boston) 

 
discovered that many (most) networks in 
reality evolve differently in that they show 
a more uneven distribution of links 
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Random vs. Scale-free 

Poisson Distribution 
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Preferential attachment 

Barabási, Albert-László; Bonabeau, Eric (May 2003). "Scale-Free Networks".  
Scientific American 288 (5): 60–9. 
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Simulation (NetLogo) 



ICCE 2011 

Network Density 
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Social Networks 

Simple social networks (“sociograms”) 

Nils 

Ulrich 

Sam 

Thomas Sabrina 

Markus 

Dirk 

 Observed relations 
between actors 
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Social Networks 

Bipartite “Affiliation Networks” 
 Mediating objects (between 

actors) 

Nils 

Ulrich 

Sam 

Thomas 

Sabrina 

Markus 

Dirk 

Mobile 

Plattform 

Kompetenzen 

Kompetenzen 
Interviews 

Plattform OpenSim 

OpenSim 

Innovation 
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Hybrid Networks 

“Multimodal Networks”  
 

 
 
 

 
 

 Objects mediate  
between actors 

 Semantic relations 
mediate between 
objects 

Ulrich Sam Markus Mobile Innovation 

Innovation im IT-Bereich 

is_a is_a 

See also: 
Ogata et al., 1997 
„Knowledge awareness maps“ 
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Enrichment of  
Semantic Networks 

 Approach based on tagging [Mika, 2004]: 
1. Form tag - actor network 
 tags representing concepts; strength dependent 

on number of occurences 

2. “Fold away” actors  => 
 Semantic tag - tag relations 

3. Add directions (B subconcept of A): 

k dep. on network characteristics 
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Inference Matrix 

[Harrer/Malzahn/Zeini/Hoppe07] 

Relation? yes no 

yes normal 
Check relation: 

Trend? 

no 
Check: 
Possible 

synergy/coop? 
normal 

So
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et
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k 

Semantic Net / Ontology 
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Semantic - Social  
Network Analysis 

[Harrer/Malzahn/Zeini/Hoppe07] 
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Part 2 

Case Study: 
„Productive Online Communities“ 
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Open source projects as  
learning communities with free data sources 

• Students engaged in OSPs form communities of 
practice across universities 

• Most data (log files from SVN/CVS repositories 
as well as mailing lists) freely available 

• Different roles and skills of actors have to be 
considered (hierarchies, commit rights) 

• Data has to be cleaned (e.g. merging name 
duplicates)  
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Case: OpenSimulator 

OpenSimulator: 
• Open source server platform for hosting virtual 

worlds 
• Compatible with the client for Second Life 
• Can host alternative worlds 

 
Used within KoPIWA research project 
(German project on Open Innovation 
and competence management in IT) 
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Student project with OpenSimulator 

Software project carried out by students of Computer 
Science at UDE: 
Serious game 
on training for  
start-up consulting  
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Data extraction using DMD 
Collide Data-Multiplexer-Demultiplexer Approach 
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Data extraction using DMD 
Reading in from mailing lists 
 
 

 
From sean at dague.net Sat Sep 8 14:25:15 2007 
From: sean at dague.net (Sean Dague) 
Date: Sat, 8 Sep 2007 08:25:15 -0400 
Subject: Opensim-dev Asset Storage Interface 
In-Reply-To: <20070904212524.GQ29833@dague.net> 
Message-ID: <20070908122515.GE1471@dague.net> 
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Data extraction using DMD 

Getting logs from code repositories 
 
 

Revision 17 - Directory Listing 
Modified Thu Apr 2 20:09:56 2009 UTC (2 years, 2 months ago)  
by sdague 
 
updates to support a much more reasonable recovery system 
---- 
Revision 16 - Directory Listing 
Modified Tue Feb 10 17:35:46 2009 UTC (2 years, 4 months 
ago)  
by sdague 
 
merges from fixes in IBM Grid 
---- 
Revision 15 - Directory Listing 
Modified Tue Feb 3 14:43:53 2009 UTC (2 years, 4 months 
ago)  
by sdague 
 
fail faster 
---- 
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Source Data  
OpenSim Developer mailing list and SVN source code 
repository between Sept. 2007 and Feb. 2009  
• Cleaned by merging duplicate names in mailing lists  
• Mapping real names from mailing lists to SVN nicknames 
• SVN contains 26 users and 6011 objects (classes) based on 32867 objects 

including revisions 
• Developer mailing list contains 197 users and 1184 topics based on 5505 

emails. 

Dataset from the SVN repository and the discussion board of 
the student subproject from October 2009 to March 2010 
• SVN data from the students subproject contains 4 users and 235 objects 

based on 326 revisions.  
• Discussion board hosted in a liferay based portal contain 12 students 

discuss 78 threads based on 243 messages (in German)  
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Analysis using Pajek 

Mailing list at day 278 

 SVN at day 278 
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Analysis workflow 
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First observation 

• Burst of activity in SVN  
• Restructuring of the network  

(bridging between components) 
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Comparison of centrality dynamics 

• Interesting time point according to interaction increase 
• Actor “Tleiades” (Anton L.) identified in communication network at 

same time point by his increase of centrality (shooting star) 

T= Time slices with 
length of 10 days 
  
T1= Day 250-259 
T2= Day 260-269 
T3= Day 270-279 
T3= Day 280-289 

Name Delta T1/T2 Delta T2/T3 Delta T3/T4 Delta T1/T4 
Adam F. 0 0,125 -0,125 0 
Aldon H. 0 0,083333 -0,083333 0 
Anton L. 0,1875 0,104167 0,333333 0,625 
Brian M. -0,125 0 0 -0,125 
Charles K. 0,0625 0,020833 -0,083333 0 
Chris D. 0 0 0 0 
Dalien T. 0,1875 -0,354167 -0,020833 -0,1875 
Dan M. 0,4375 -0,291667 0,166667 0,3125 
Darok K. 0 0 0 0 
Gerhard D. 0 0,083333 -0,083333 0 
Izumi N. 0 0 0 0 
Jeff A. 0,125 0 -0,125 0 
Mic B. 0 0,125 -0,125 0 
Michael W. 0,125 -0,145833 0,395833 0,375 
Sean D. 0,375 -0,416667 0,229167 0,1875 
Stefan A. 0,625 -0,479167 0,291667 0,4375 
Tedd H. 0,125 -0,1875 0,1875 0,125 

Rank 4 Rank 3 Rank 2 Rank 1 
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Communication (mailing list) 

1) I have been trying to follow the use of  
memory in my sims running on OSGrid,  
and I think we have a problem. 

2) Running Mono 1.2.2/1.2.3 by chance?  
Try 1.2.4 - there was a nasty leak  in .3. 

3) Adam. You bring up a very interesting auxilliary  
point and that is "At what point should we begin 
 using mono-1.2.5 for our testing and development? 



ICCE 2011 

“Story” behind example case 

• First indicator: high activity followed by 
network restructuring 

• Second indicator: degree gradient points to 
specific actor “Tleiades” and his entry to the 
core of the network  
( in the end, centrality moved to 0.0505 in the developer  
  mailing list – rank 47 out of 199) 

• Semantic background:  T. initiated relevant 
discussions on XML-RPC as well as on group 
standards for build system 
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Conclusion 

• Open Source development communities are learning 
arenas crossing boundaries of universities and 
schools  

• Network indicators can serve as detectors of relevant 
changes in the work of the community 

• Our approach compares a social network based on 
coding actions with communication patterns over 
time 

• … and can be complemented with content-based 
semantic analyses 
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Part 3 

Case Study: 
„Structural Quality Measures  
  for Concept Maps“ 
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Concept Mapping Study 

Context: 
ongoing EU project SCY (“Science Created by You”) 
on supporting collaborative inquiry learning through 
sharing learner-generated objects (ELOs) 

=> 
“SCY missions” use concept mapping as a tool for 
early conceptualization activities in a new domain: 
students create concept maps from given resource 
documents  



ICCE 2011 

Concept Mapping Study 

Participants: 
  37 high school students aged between 16-18 
 
Procedure: 
   45 min - introduction to concept mapping  
   (+ tool “SCY Mapper”) 
   45 min - reading/highlighting of a two page text on  
   global warming followed by concept map construction 
 
   experimental group received adaptive suggestions 
   control group could only access a dictionary  
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Analysis & Scaffolding 
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Ontology Support / Matching 



ICCE 2011 

Expert Assessment 

Four experts assessed the concept maps 
produced by the students 
 
based on two criteria inspired by D. Jonassen: 
• Completeness regarding the concepts used 
• Connectedness regarding the relations 

introduced (adequacy, missing rel’s) 
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Correlations  

Correlations of structural measures  
with expert judgments 

 
Criterion 1 
(completeness) 

Criterion 2 
(connectedness) 

# nodes r = 0.79, p = 0.000 - 

# edges r = 0.74, p = 0.000 r = 0.63, p = 0.000 

density r = -0.53, p = 0.001 r = -0.26, p = 0.11 
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Correlations  

Correlations of structural measures  
with expert judgments 

 
Criterion 1 
(completeness) 

Criterion 2 
(connectedness) 

# nodes r = 0.79, p = 0.000 - 

# edges r = 0.74, p = 0.000 r = 0.63, p = 0.000 

# edges / # nodes   r = 0.20, p = 0.2 r = 0.68, p = 0.000 
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Explanation 

M. Jacobson & M.Kapur (2010): 
“Ontologies as scale free networks – 
implications for theories of conceptual change” 
(panel paper at ICLS 2010) 

 

Concept maps are scale-free networks!  
 
=>  evolution of concept maps is governed 
 by “preferential attachment”; 
 
 density decreases with growing networks 



ICCE 2011 

The Litmus test 

Aggregated degree distribution (from 37 maps)  
left: number of nodes per degree value,  right: log-log graph 
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Prospects 

Indicators for conceptual change: 
• Identification of “semantic hubs” 
• Changes in centrality (degree) 
• New concepts appearing in the “core” 
• … 
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Questions ? 
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