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Abstract— Text data pertaining to socio-technical networks often 
are analyzed separately from relational data, or are reduced to 
the fact and strength of the flow of information between nodes. 
Disregarding the content of text data for network analysis can 
limit our understanding of the effects of language use in 
networks. We present a computational and interdisciplinary 
methodology that addresses this limitation by combining theory 
from socio-linguistics with social network analysis and machine 
learning based text mining: we use network analysis to identify 
groups of individuals who assume the theoretically grounded 
roles of change agents and preservation agents. People in these 
roles differ in their motivation and capability to induce and adopt 
change in a network. Topic modeling is then constrained to the 
texts authored by people in these roles. We apply this 
methodology to a public dataset of about 55,000 research 
proposals that were granted funding. Our results suggest that the 
people per role differ in the research domains they work on and 
the strength of association with those domains that both roles are 
involved with, but are similar with respect to fulfilling the task or 
additional role of being a project manager. 

Keywords- topic modeling; unsupervised learning; socio-
technical networks; research funding 

I.  INTRODUCTION 
Network data comprise nodes representing the entities in a 

socio-technical system, edges representing the interactions 
between the nodes, and additional information that help to 
contextualize and interpret the graphs that are formed from the 
nodes and edges [1]. We refer to graphs as relational data. 
When network data are collected, natural language text data 
pertaining to the networks can often be acquired along the way. 
These text data can help to transform relational data into 
network data. An example for the joint availability of relational 
data and text data are emails, where the social network 
constructed from the headers can be enriched with information 
from the bodies [2]. Another example are social media data, 
where people are not only linked through pointers, but also 
through the content and comments they provide [3]. However, 
text data and relational data are often either analyzed 
separately, or are reduced to the fact and frequency of the 
transmission of data or objects between nodes [4]. This 
approach disregards the substance of information and 
communication. It also limits the insights that can be gained 
from performing network analysis for cases in which 
considering text data and network data leads to a more 
comprehensive understanding of socio-technical networks than 

using only either one data type [5, 6]. We address this 
limitation by contributing a computational and interdisciplinary 
methodology that utilizes relational data and text data by: 

- Using network analysis to identify the set of social 
entities who assume structural roles that are defined in 
a theory developed and evaluated in socio-linguistics 
[7].  

- Constraining topic modeling - an unsupervised 
machine learning technique that reduces the 
dimensionality of text data to the gist of a body of 
information - to the identified entities [8].  

This methodology can be applied to questions, domains and 
datasets other than those used herein. To further facilitate the 
assessment of this approach we use publically available data 
and software. This paper focuses on methodology rather than 
on analyzing a socio-technical network. Therefore, the results 
are of illustrative nature rather than of empirical importance. 
Zooming out from the specific use case presented here we 
envision this methodology being one useful strategy for 
tackling problems that evolve around the following question: 
What topical profiles are used by individuals and groups who 
assume theoretically-grounded roles in networks that make 
them prone to actuate or inhibit change and innovation within 
socio-technical networks?   

II. BACKGROUND 

A. Network-Centric Theory of Permanence and Change  
Based on empirical analyses of the diffusion of vernacular 

through the social network of people living in Belfast, Ireland, 
Milroy and Milroy [7] identified the following relationships 
between the roles of individuals and their disposition and 
ability to motivate or impede language change in the wider 
network: first, innovators are marginal to any adopting group, 
weakly linked to various groups, geographically and socially 
highly mobile, and under-conforming to deviant Second, early 
adopters of innovations are central and strongly tied members 
of the adopting group. Their impact on diffusion is easier to 
measure than that of innovators. Third, members of close-knit, 
dense and multiplex networks benefit from the group’s intrinsic 
capacity to provide support and assistance and to resists 
external pressures, such as modifications of group-specific 
values, norms and standards, but can also be constrained by the 
group. In summary, the diffusion of innovation requires the 
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absence or dissolution of a connection between network 
structure and the members’ behavior regarding the innovation.  

Milroys’ model of the actuation of language change draws 
from Granovetter’s theory of strong and weak ties [9]. This 
theory postulates that people typically acquire novel 
information not from their direct contacts, but through ties that 
reach far into the network. Milroys’ model is consistent with 
diffusion theories originating from other fields [10] and with 
theories that assume people from the middle of the social 
hierarchy to spread innovation rather than people from the 
lowest or highest social strata [11]. The model however 
conflicts with theories that assume opinion leaders such as 
mass media, subject matter experts, and celebrities to be most 
effective in diffusing innovations [12]. Finally, the network 
features that the Milroys identified were more powerful in 
explaining language change than alternative extra-linguistics 
factors such as status, class and socio-demographics.  

B. Methodological Background and Contribution 
We leverage Milroys’ theory about the relationship between 

network roles and language change as a strategy for jointly 
considering relational data and text data. In the following we 
refer to innovators and early adopters as described above as 
change agents, and to other members of tight cliques as 
preservation agents. The methods section details how we 
operationalize these roles by using network analysis. In order to 
identify the language use associated with these roles, a text 
mining method is needed that scales up to the size of real-world 
corpora, can be applied to different domains and text sets, and 
identifies the themes addressed by each role. Topic modeling 
lends itself to this task: the method results in a user-defined 
number of unlabeled words clusters called topics. Each topic 
consists of text terms, and each term has a probabilistic weight 
that indicates the strength of association of a word with a topic 
[8]. The identification of topics is a non-exhaustive and non-
exclusive process, i.e. not all terms belong to a cluster with 
other terms, while some terms are highly indicative for multiple 
topics. Finally, topic modeling is an unsupervised machine 
learning a method. Therefore, neither a sizeable ground truth is 
needed, which is expensive on many dimensions to obtain, nor 
any a priori defined patterns or features.  

Using network analysis to select the entities on which topic 
modeling will be performed is a simpler approach than 
alternative solutions that add variables to latent structures.  The 
philosophy underlying topic modeling assumes these 
structures, which are presented as a probabilistic graphical 
model, to have probabilistically generated the observed text 
data. Topic modeling is then used to infer this structure from 
the data by using Bayesian inference. Our approach draws from  
two streams of prior extensions to topic modeling: Chang et al. 
[13] took topic modeling to the network text analysis level: 
they perform topic modeling on the bag of words that surround 
the pairs of nodes in text data that form links in order to  
suggest link labels. Mimno and McCallum [14] have 
formalized the addition of variables to probabilistic graphical 
model: they argue that not only topics and documents have 
probability distributions over topics, but also other types of 
meta-data data, such authors and dates. The adopted the vanilla 
version of Latent Dirichlet Allocation (LDA) [15], and 

modifying it into the Dirichlet-Multinominal Regression 
(DMR) method. DMR takes probability distributions of various 
types of meta-data into consideration. DMR differs from the 
methodology presented herein as follows: first, our approach 
abstracts away from the level of individual authors to the 
structural role level. These roles are grounded in network 
theory that originates from socio-linguistics. Second, our 
methodology is a two-step process that links network analysis 
to topic modeling as opposed to a one-step process that is 
described by a graphical model in which roles are a variable. 
Consequently, with our methodology, topic modeling is 
performed on individuals and aggregates of individuals who 
assume roles that are defined and detected independently from 
the topic modeling process. These roles furthermore are one 
mechanism that drives the behavior of real-world, large-scale, 
socio-technical networks. With our approach, an individual can 
assume multiple roles, e.g. wearing their change agent’s hat on 
one team and their preservation agent’s hat on another. While 
we demonstrate our methodology for two specific roles, other 
people might be interested in analyzing the language use of 
(aggregates of) people assuming other roles. The presented 
methodology lends itself to such adoption and customization.  

III. DATA 
Federal funding agencies who administer tax payers’ 

dollars increasingly release publically accessible information 
about the allocation of money to people and ideas. This trend 
has increased the transparency over state-level decision making 
processes for everyone. Furthermore, it has provided large and 
rich data sources that are suitable for investigating various 
questions about socio-technical networks, e.g. on collaboration 
and the stimulation and diffusion of innovation in certain 
regions and domains, and graph analytical questions such as the 
properties and behavior of large-scale, real-world networks.  

For this project, we collected the circa 60,000 proposals 
that the European Union (EU) accepted for funding under the 
“Framework Programmes for Research and Technological 
Development”, short Framework Programmes (FP). The data 
are publically available through the Community Research and 
Development Information Service (CORDIS) [16]. The FPs 
were established by Research Council of the EU in 1984 and 
have been continued and funded them since then; with the 7th 
FP being underway. The overarching goal with the FPs is to 
stimulate and enable competitive research in the European 
Research Area (ERA). For each project, CORDIS provides the 
full name, affiliation, and contact information for the project 
coordinator; a role equivalent to the principal investigator in 
the US. The same information is given for each collaborator on 
a project. For each project, CORDIS also specifies the start and 
end date, costs and amount of funding awarded, completion 
status, various keywords and index terms, and three fields of 
unstructured, natural language text data. These data contain the 
title, description (“objective”), and additional information 
(“general information”) per project. The cumulative length of 
the text data varies widely across projects; ranging from short 
summaries to verbose descriptions of the background, 
methodology and technical details per project. The National 
Science Foundation (NSF), the US American equivalent to the 
EU Research Council, also provides public data on the projects 
they funded, which allows for future comparisons of findings.  



The completeness of records in CORDIS varies. Table 1 
provides descriptive statistics on the data per FP. In this paper, 
a “project” means a CORDIS database entry for which at least 
a unique identification number is provided. There are 55,972 
projects for FP1 to FP6. A “project with text” means that the 
objective plus general information for a single project exceed a 
length of ninety characters. We established this heuristic to 
eliminate headers of empty slots in the project template, such 
as “research objectives and content”. A “project with person” 
means that for at least one person on the project, a non-empty 
and valid entry is given in the name field. Valid entries exclude 
descriptors, such as “not available”, “Address”, and “TBC”.  

TABLE I.  DATASET STATISTICS 

 
\ One of the biggest challenges with this dataset was locating 
the various instances and spellings of people’s names so that 
they can be mapped to one consistent name per actual 
individual. High accuracy in this step is crucial because errors 
during the normalization of names, which are then converted 
into nodes of a networks, get propagated to the structural level, 
where they cause biases in network structure and respective 
analytical results [17]. In order to identify the various ways by 
which people are referred to we developed a data-driven set of 
rules and heuristics: first, all gender and role identifiers, such as 
“Mrs.” and “Professor” were removed from the names. Single-
letter umlauts were converted into their diphthong equivalent. 
All tuples of identically spelled names were considered to 
represent one and the same person if their institutional 
affiliation and/or their address matched completely or in at 
least three consecutive tokens, where tokens are any 
combination of space separated letters and/or digits. The word 
“the” was disregarded in this process. The last row in Table 1 
shows how many of the name mentions per FP (second-last 
column) are unique individuals. People for who no valid name 
entry was given were ignored since they could not be 
disambiguated or mapped to other instances of their persona.  

 For this project, we normalized the data for FP1 to FP6 only 
because projects accepted under FP 7 are still being added such 
that the data for FP7 might be incomplete. For further analysis, 
we focus on FP4 to FP6, because these programs are 
significantly larger and more complete than FP1 to FP3. 

IV. METHOD 
The methodology presented herein is a two-step procedure 

that combines network analysis with topic modeling. In order 
to operationalizing the theoretically grounded roles of change 

agents and preservation agents we use network analytic metrics 
and respective values that are indicative of these roles. This 
strategy requires the construction of graphs to begin with: for 
each FP, we built one graph by linking the project coordinator 
to every collaborator on a given project. Collaborators were not 
linked to each other in order to avoid overly dense clusters that 
might not reflect the reality of collaboration on research grants. 
Therefore, our network formation approach results in a star 
structure as opposed to complete cliques per project. Stars are 
networks where nodes link to one central node, but not to each 
other beyond that. Multiple instances of pairs of collaborating 
people are reflected in the cumulative edge weight.  

Table 2 shows an overview on basic network statistics: 
About 30% to 43% of the nodes are isolates; i.e. nodes that 
have no tie to any other node. Here, isolates represent people 
who are the only recipient of a grant, or who are the only 
person in a multi-person project for who a valid name entry 
was specified. Another large portion of nodes are pendants, i.e. 
peripheral nodes that are linked to only one other node. Also, 
the majority of links are connections to pendants. A large 
number of pendants can be connected to one and the same 
individual; resulting in a marginalized power structure that may 
exhibit norm enforcing behavior. Also, pendants are unlikely to 
motivate innovation because their betweenness centrality score 
equals zero. More than 99% of the links in each graph have a 
weight of one; indicating that most pairs of people collaborate 
on no more than one project during a FP. The density of each 
graph, i.e. the number of actual connections over possible 
connections, is very low (below 0.00005); suggesting very 
sparse networks. This characteristic is typical for large socio-
technical networks. According to the data, not only the number 
of links per node and the length of text per project follow a 
skewed distribution, but also the amount of funding awarded 
per project: in FP6, for example, one percent of the projects 
was given 24.6% of the total amount of funding (total of over 
17.5 billion Euros, which is about over 22 billion US Dollars).  

TABLE II.  NETWORK STATISTICS 

 

There is no canonical set of metrics and respective values 
or ranges of values that represents the roles of change agents 
and preservation agents. There is also no such set for the 
concepts of strong and weak ties, which are closely related to 
these roles. We identified the set of measures that seemed best 
suited to capture the notion of the roles of interest by reviewing 
the network analysis literature and properties of network 
analysis measures. Table 3 lists the measures that we selected 
(column 1), a short definition of each measure and selected 
value ranges in square brackets in column 2 (for full definitions 
of these measures see [18]), and an abstract value per measure 
and role in columns three and four. We used the ORA software 

FP time 
range

number 
of 

projects

ratio of 
projects 

with 
text

ratio of 
projects 

with 
person

ratio 
projects 

with 
text and 
person

valid 
entry 

for 
person

ratio of 
distinct 
people

1 1984–1987 3283 82.7% 78.3% 71.1% 3246 88.1%

2 1987–1991 3884 79.9% 63.0% 57.9% 8545 86.9%

3 1991–1994 5529 76.8% 65.7% 60.8% 18411 87.1%

4 1994–1998 15061 79.9% 93.1% 74.5% 58692 84.1%

5 1998–2002 17629 75.4% 95.6% 72.3% 75355 59.3%

6 2002–2006 10255 96.9% 90.4% 87.4% 46201 82.2%

FP Number of nodes Ratio of isolates Ratio of pendants

4 49343 29.6% 44.3%

5 44675 42.8% 56.3%
6 46201 31.8% 42.9%

FP Number of edges Ratio of edges with weight > 1 Ratio of edges to pendants

4 31532 0.1% 84.4%

5 26974 0.4% 69.2%
6 31362 0.8% 83.0%



for network analysis [18]. We removed the isolates from the 
graphs because they do not impact the selected measures, but 
they do slow down computations. Next, we computed the 
measures listed in Table 3 for each node. We ranked the nodes 
per graph by their scores across all the measures considered. 
Since the scaled values for centralities were very small, we 
worked with the unscaled values. We then evaluated the top 
and bottom per measure and chose cut off points where values 
started to increase or decrease steeply. Since there are no 
predefined interpretations of the values of most network 
measures, such as 0.8 to 1.0 = high, we determined the cut offs 
based on the data as detailed in the squared brackets in Table 3. 
We established and followed these guidelines for each graph 
representing FP4 to FP6 based on the data. This decision-
making process is not fully automated, but requires data-driven 
and case-wise decisions. Thus, the presented methodology 
requires a basic understanding of network analysis.  

TABLE III.  OPERATIONALIZATION OF AGENT ROLES*  

Measure Definition and meaning of 
measure 

Change 
agents 

Preservation 
agent 

Centrality measures: 
Degree  Sum of direct links 

(undirected) 
[0 to 2 = low, 3 to 9 = 
medium, 10+ = high] 

medium high 

Betweenness across all node pairs with 
shortest path containing node 
i, how many paths pass 
through i 
[0 = low, 1 to 9 = medium, 
10+ = high] 

high 
 

low to 
medium 

Closeness Average distance of a node 
from all other nodes.  
[equally low for all nodes] 

high low to 
medium 

Centrality related measures: 
Potential 
boundary 
spanner  

High in betweenness 
centrality AND low in degree 
centrality 
[betweenness/ degree >1.25 = 
high; degree – betweenness 
>= 20 = low (since for these 
cases betweenness often = 0 
division not meaningful] 

high low 

Actual 
boundary 
spanner 

Cut point, binary (their 
removal results in a new 
component) 

likely unlikely 

Triad based measures: 
Triad Count Number of triads (closed 

triangles) centered at a node 
[0 = low, 1 = medium,  
>1 = high] 

low low to high 

Cluster based measures: 
Clustering 
Coefficient 

Density of subgraph induced 
by a node’s ego network 
(immediate neighbor) 
[0 = low, 0.1to 0.5 = medium, 
>0.5 = high] 

low high 

Clique Count Number of distinct cliques to 
which a node belongs where 
clique = maximal complete 
subgraph of 3 or more nodes 
[0 = low, 1 = medium,  
>1 = high] 

low low to high 

 

*[values based on empirical data]  

For each node that we identified to represent a change agent 
or perseveration agent we retrieved all text documents 
including the title, objective and general information for each 
project that these people are associated with. Table 4 details 
how many people were identified for either group per FP, how 
many projects these people are associated with, and for how 
many of these projects there is text data available that exceed a 
cumulative length of ninety characters. Based on our role 
operationalization there are more people who assume the role 
of preservation agents than change agents in this dataset. 

TABLE IV.  FREQUENCY OF INDIVIDUALS AND TEXTS PER ROLE 

 

In the next step, we used Mallet [19], an open-source 
software product, to perform topic modeling on the retrieved 
text sets. After various pretests we decided to generate 20 
topics per text set regardless of variations in text set size. This 
decision is based on our observation that the dominating topics 
and associated key words kept showing up in a fairly robust 
fashion across experiments with 5, 10, 20 and higher numbers 
of topics. We chose to use the LDA approach in Mallet as 
opposed to the topical N-gram modeling in order to avoid an 
over-fitting to dominating content-domain specific phrases. 

V. RESULTS 
Performing network analysis and topic modeling follows a 

rigid procedure and explicit computations. In contrast to that, 
interpreting the resulting topics is a fairly non-standardized 
process that leaves ample room for reading meaning into the 
results [20]. While we have some expertise in a few research 
domains and also some experience in acquiring funding for 
research, we are not qualified to evaluate topic models for 
grants awarded over the last 16 years and across a broad range 
of domains. Thus, our interpretation of the results serves to 
illustrate the usage of the method rather than providing 
empirical insight. A thorough, domain oriented analysis of the 
results would require the involvement of subject matter experts. 

Table 5 shows the 12 most likely topics per role for FP6 
sorted from left to right by decreasing values of the Dirichlet 
parameter (DP) and the 9 most likely terms per topic sorted by 
decreasing strength of association with a topic. The Dirichlet 
parameter indicates the strength of likelihood of a topic among 
the retrieved topics (the higher the more prevalent). We chose 
the topic labels based on the terms and term rankings per topic.  
Incoherent topics were disregarded. The results suggest that for 
both roles, “project management” is the dominating topic, 
which might represent a general task that leaders of any type 
have to handle. Preservation agents load stronger on this topic 
than change agents do, and also the 2nd most prevalent topic for 
preservation agents centers on general terms related to research 
in the EU. For change agents, the 2nd topic features the terms 

Role Metric FP4 FP5 FP6

Number 66 164 48

Projects 291 1720 225

Projects with text 251 1547 200

Number 107 176 306

Projects 158 1611 388

Projects with text 123 1384 375

Change agents

Preservation 
agents



“training” and “networking”, which are also observed for 
preservation agents, but with a lower weight. For change 
agents, a third of the shown topics represent research related to 
the environment, namely waste management, energy, pollution 
and emission. Preservation agents address this issue in two 
topics. Topic mainly associated with change agents only are 
regional development and engineering. For preservation agents, 
these topics are cancer research and genetics, which might 
represent resource-intense fields that are more costly than other 
areas, industry in the context of manufacturing, and nuclear 
energy, which is not displayed since the respective DP is only 
0.039 (16th ranking topic), but represents a research area that 
was central when the FPs were started in the 1980ies. Terms 
found for only either one role among the 20 highest ranking 
topics are “excellence” for preservation agents, and 
“innovation” for change agents.     

In FP4 and FP5, the dominating topics also center on 
project management, and lower ranking topics address specific 
content domains. As already observed for FP6, these topics 
occasionally overlap in subject matter, but differ in prevalence. 
In both, FP4 and FP5, change agents are strongly associated 
with research related to the environment. In FP6, change agents 
focused even stronger on this area, but preservation also 
addressed this topic. In FP4 and FP5, preservation agents show 
a focus on transportation and related industries.  

VI. CONCLUSIONS, LIMITATIONS, AND FUTURE WORK 
We have presented a computational and interdisciplinary 

methodology for integrating theory from socio-linguistics with 
network analysis and machine learning based text mining. The 
resulting methodology enables users to jointly consider 
relational data and text data when analyzing large-scale, socio-
technical networks. By using this approach, multiple types of 

behavioral data, namely interactions between people in the 
form of collaboration as well as language use, can be taken into 
account for analysis. This approach considers the substance of 
text data and helps to integrate different aspects that drive the 
properties and dynamics of networks.  

Our findings from applying the proposed methodology to a 
dataset about research funding suggest that the roles of change 
agents, i.e. individuals who are likely to stimulate change and 
innovation in a given system, and preservation agents, i.e. 
people in the position to establish and enforce standards and 
norms, relate to certain differences and commonalities in 
language use per role. The commonalities refer to tasks, e.g. 
managing a project, additional roles, such as being a project 
leader, and genre, i.e. writing for the purpose of acquiring 
research funding. The roles differ in the research areas that 
people are involved with and the prevalence of shared topics 
among roles.   

Several limitations apply: first, the application of the 
methodology presented herein to a public, real-world dataset is 
of illustrative nature. Thorough empirical work is needed to 
derive at conclusive statements about the similarities and 
differences between roles, and the relationship between 
network roles and language choice in this domain of research 
and innovation.  

Second, our approach is very coarse in that it groups 
individuals who work in multiple different disciplines into a 
total of two different roles based on their structural 
characteristics. Yet, some meaningful differences between 
change agents and preservation agents were suggested by the 
data on this high level of aggregation. For future work, we plan 
to group people from similar domains into aggregates per role 
in order to test for differences on a more fine-grained level.   

TABLE V.  MOST LIKELY TOPICS PER ROLE, KEY TERMS PER TOPIC, AND SELF-DEFINED TOPIC LABELS  
change agents

topic
project 
management

networking 
and 

project 
management

regional 
developmen

waste 
management engineering energy pollution emission

public 
health

regional 
development medical

1st project research data regional water structures energy water engine food services tnf
2nd development european management policy waste aircraft gas monitoring diesel europe ict disease
3rd systems europe assessment regions european material hydrogen eu combust ion human business gene
4th system network tools policies europe materials combustion chemical fuel virus satellite arthritis
5th based innovation project development land performance biomass pollutants sensor studies rural human
6th high knowledge information sustainable market composite solar directive emission million information mouse
7th develop training fisheries region eu damping fuel system integrated developing robot genes
8th technologies projects support national smes forming low pollution power health communication diseases
9th control support studies sustainability aquaculture monitoring process groundwater emissions forest systems mice
DP 0.731 0.276 0.165 0.080 0.070 0.055 0.053 0.050 0.046 0.044 0.038 0.036

preservation agents

topic project 
management

research in 
EU

industry networking 
and learning

environment genetics energy transportati
on

cancer security industry public 
health

1st project research production research water genetic energy services drug governance materials food
2nd european european products network management gene environmentaltransport clinical security properties consumer
3rd development activities industry european risk genes eu solutions cancer social devices quality
4th develop countries design excellence environmenta disease policy business cell science temperature products
5th research information manufacturing integration data genomic assessment information cells eu techniques production
6th systems eu product training monitoring factors agricultural cities hiv issues high animal
7th based projects industrial europe information molecular european end tumour public industrial safety
8th integrated europe processes knowledge assessment genomics sustainable service therapeutic ethical based health
9th knowledge action materials researchers practices studies impact data molecular europe structures project
DP 0.921 0.414 0.160 0.102 0.080 0.077 0.076 0.071 0.062 0.061 0.056 0.055



Third, the dataset we used might be incomplete. Based on 
public information we cannot assess how many projects are not 
listed. Furthermore, the CORDIS database does not include 
rejected proposals. Also, the techniques we used for merging 
instances of names leaves room for improvement: errors such 
as typos could be further eliminated by employing edit-distance 
algorithms. Variations in names due to name changes, such as 
in the case of women adopting their husband’s last name, might 
require careful processing of the institutional affiliation and 
address fields.  

Forth, the operationalization of roles via certain network 
analytical measures and respective ranges of values for is 
debatable. A smaller set of metrics might lead to the different 
results, and so might the inclusion of additional metrics. We 
plan to investigate the robustness of our findings depending on 
various metrics and values in the future. Furthermore, we will 
include temporal and geospatial information for identifying 
strong and weak ties. These types of meta-data are available in 
our dataset. Furthermore, we plan to investigate the relationship 
between network roles, language use, and the amount of 
funding awarded.  

Fifth, the process of identifying individuals per role is not 
fully automated and requires basic expertise in network 
analysis. Even though we are working on further automating 
this process, such expertise can be useful in interpreting the 
topic modeling results.  

Finally, the network roles of change agents and 
preservation agents are not necessarily exclusive. For example, 
a person could direct a department or a group at her institution 
where she establishes a certain research agenda that is 
persistently followed (preservation agent). At the same time, 
the same person can be a boundary spanner connecting various 
external groups and their ideas, e.g. by serving on program 
committees and review boards (change agent). For this project, 
we retrieved all text files for each person identified per role. 
Since these roles are not exclusive, the retrieved texts per role 
might also overlap, and they did for this dataset. Consequently, 
the text data are exclusive across FPs, but not within FPs. In 
future work, we will separate the texts per person depending on 
what role that person played per project. This enhancement of 
the presented methodology allows for accounting for the fact 
that individuals can play different roles in different networks, 
on different teams, and for different tasks. In future work, we 
will furthermore focus on measuring the diffusion of topics 
addressed by either role across time, i.e. subsequent 
Framework Programs, and across roles.  

ACKNOWLEDGMENT 
We are grateful to Dr. Carolyn Penstein Rosé from 

Carnegie Mellon University for her advice on this project.   

REFERENCES 
[1] D. Alderson, "Catching the'network science'bug: Insight and 

opportunity for the operations researcher," Operations Research, 
vol. 56, pp. 1047-1065, 2008. 

[2] A. McCallum, X. Wang, and A. Corrada-Emmanuel, "Topic and 
role discovery in social networks with experiments on Enron and 
academic email," Journal of Artificial Intelligence Research, vol. 
30, pp. 249-272, 2007. 

[3] E. Adar and L. Adamic, "Tracking Information Epidemics in 
Blogspace," in 2005 IEEE/WIC/ACM International Conference on 
Web Intelligence, Compiegne, France, 2005, pp. 207-214. 

[4] C. Roth and J. Cointet, "Social and semantic coevolution in 
knowledge networks," Social Networks, 2009. 

[5] S. R. Corman, T. Kuhn, R. D. McPhee, and K. J. Dooley, 
"Studying Complex Discursive Systems: Centering Resonance 
Analysis of Communication," Human Communication Research, 
vol. 28, pp. 157-206, 2002. 

[6] J. A. Danowski, "Network Analysis of Message Content," 
Progress in Communication Sciences, vol. 12, pp. 198-221, 1993. 

[7] J. Milroy and L. Milroy, "Linguistic change, social network and 
speaker innovation," Journal of Linguistics, vol. 21, pp. 339-384, 
1985. 

[8] T. Griffiths, M. Steyvers, and J. Tenenbaum, "Topics in semantic 
representation," Psychological Review, vol. 114, pp. 211-244, 
2007. 

[9] M. Granovetter, "The strength of weak ties," American journal of 
sociology, vol. 78, pp. 1360-1380, 1973. 

[10] E. Rogers, Diffusion of Innovations. Glencoe: Free Press, 1962. 
[11] D. J. Watts, "The Accidental Influentials," Harvard Business 

Review, pp. 22-23, 2007. 
[12] I. McAllister and D. Studlar, "Bandwagon, underdog, or 

projection?: Opinion polls and electoral choice in Britain, 1979-
1987," Journal of Politics, vol. 16, 1991. 

[13] J. Chang, J. Boyd-Graber, and D. Blei, "Connections between the 
lines: augmenting social networks with text," in 15th ACM 
SIGKDD International Conference, Paris, France, 2009. 

[14] D. Mimno and A. McCallum, "Topic Models Conditioned on 
Arbitrary Features with Dirichlet-multinomial Regression," in 24th 
Conference on Uncertainty in Artificial Intelligence (UAI 2008), 
Helsinki, Finland, 2008. 

[15] D. Blei, A. Ng, and M. Jordan, "Latent dirichlet allocation," The 
Journal of Machine Learning Research, vol. 3, pp. 993-1022, 
2003. 

[16] CORDIS, "Community Research and Development Information 
Service ". 

[17] J. Diesner and K. M. Carley, "He says, she says. Pat says, Tricia 
says. How much reference resolution matters for entity extraction, 
relation extraction, and social network analysis. ," in IEEE 
Symposium on Computational Intelligence for Security and 
Defence Applications (CISDA), Ottawa, Canada, 2009. 

[18] K. M. Carley, J. Reminga, J. Storrick, and M. DeReno, "ORA 
User’s Guide 2009," Carnegie Mellon University, School of 
Computer Science, Institute for Software Research Technical 
Report CMU-ISR-09-115, 2009. 

[19] A. K. McCallum, "MALLET: A Machine Learning for Language 
Toolkit," 2002. 

[20] J. Chang, J. Boyd-Graber, S. Gerrish, C. Wang, and D. Blei, 
"Reading Tea Leaves: How Humans Interpret Topic Models," in 
Neural Information Processing Systems (NIPS), Vancouver, 
Canada, December 2009. 

 

 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


