
Collecting Links between Entities 
Ranked by Human Association Strengths

Jörn Hees, Mohamed Khamis, R. Biedert, S. Abdennadher & A. Dengel

2013-05-29
ESWC 2013 - Montpellier



Outline

• Motivation

• Approach

• Walkthrough

• Matching Text to Semantic Entities

• Evaluation

• Summary & Discussion

2



Introduction

3



Introduction

3

As of September 2010

Music
Brainz 

(zitgist)

P20

YAGO

World 
Fact-
book 
(FUB)

WordNet 
(W3C)

WordNet
(VUA)

VIVO UF
VIVO 

Indiana

VIVO 
Cornell

VIAF

URI
Burner

Sussex 
Reading 

Lists

Plymouth 
Reading 

Lists

UMBEL

UK Post-
codes

legislation
.gov.uk

Uberblic

UB 
Mann-
heim

TWC LOGD

Twarql

transport
data.gov

.uk

totl.net

Tele-
graphis

TCM
Gene
DIT 

Taxon
Concept

The Open 
Library 
(Talis)

t4gm

Surge 
Radio

STW

RAMEAU  
SH

statistics
data.gov

.uk

St. 
Andrews 
Resource 

Lists

ECS 
South-
ampton 
EPrints

Semantic 
Crunch
Base

semantic
web.org

Semantic
XBRL

SW
Dog 
Food

rdfabout 
US SEC

Wiki

UN/
LOCODE

Ulm

ECS 
(RKB

Explorer)

Roma

RISKS

RESEX

RAE2001

Pisa

OS

OAI

NSF

New-
castle

LAAS

KISTI
JISC

IRIT

IEEE

IBM

Eurécom

ERA

ePrints

dotAC

DEPLOY

DBLP 
(RKB

Explorer)

Course-
ware

CORDIS

CiteSeer

Budapest

ACM

riese

Revyu

research
data.gov

.uk

reference
data.gov

.uk

Recht-
spraak.

nl

RDF
ohloh

Last.FM 
(rdfize)

RDF 
Book 

Mashup

PSH

Product
DB

PBAC

Poké-
pédia

Ord-
nance 
Survey 

Openly 
Local

The Open 
Library

Open
Cyc

Open
Calais

OpenEI

New 
York 

Times

NTU 
Resource 

Lists

NDL 
subjects

MARC 
Codes 
List

Man-
chester
Reading 

Lists

Lotico

The 
London 
Gazette

LOIUS

lobid
Resources

lobid
Organi-
sations

Linked
MDB

Linked
LCCN

Linked
GeoData

Linked
CT

Linked 
Open 

Numbers

lingvoj

LIBRIS

Lexvo

LCSH

DBLP 
(L3S)

Linked 
Sensor Data 
(Kno.e.sis)

Good-
win

Family

Jamendo

iServe

NSZL 
Catalog

GovTrack

GESIS

Geo
Species

Geo
Names

Geo
Linked
Data
(es)

GTAA

STITCH
SIDER

Project 
Guten-
berg 
(FUB)

Medi
Care

Euro-
stat 

(FUB)

Drug
Bank

Disea-
some

DBLP 
(FU 

Berlin)

Daily
Med

Freebase

flickr 
wrappr

Fishes 
of Texas

FanHubz

Event-
Media

EUTC 
Produc-

tions

Eurostat

EUNIS

ESD 
stan-
dards

Popula-
tion (En-
AKTing)

NHS 
(EnAKTing)

Mortality 
(En-

AKTing)
Energy 

(En-
AKTing)

CO2
(En-

AKTing)

education
data.gov

.uk

ECS 
South-
ampton

Gem. 
Norm-
datei

data
dcs

MySpace
(DBTune)

Music
Brainz

(DBTune)

Magna-
tune

John 
Peel
(DB

Tune)

classical
(DB

Tune)

Audio-
scrobbler 
(DBTune)

Last.fm
Artists

(DBTune)

DB
Tropes

dbpedia 
lite

DBpedia

Pokedex  

Airports

NASA 
(Data 
Incu-
bator)

Music
Brainz
(Data 

Incubator)

Moseley 
Folk

Discogs
(Data In-
cubator)

Climbing

Linked Data 
for Intervals

Cornetto

Chronic-
ling 

America

Chem2
Bio2RDF

biz.
data.

gov.uk

UniSTS

UniRef

Uni
Path-
way

UniParc

Taxo-
nomy

UniProt

SGD

Reactome

PubMed

Pub
Chem

PRO-
SITE

ProDom

Pfam PDB

OMIM

OBO

MGI

KEGG 
Reaction

KEGG 
Pathway

KEGG 
Glycan

KEGG 
Enzyme

KEGG 
Drug

KEGG 
Cpd

InterPro

Homolo
Gene

HGNC

Gene 
Ontology

GeneID

Gen
Bank

ChEBI

CAS

Affy-
metrix

BibBase
BBC 

Wildlife 
Finder

BBC 
Program

mes
BBC 

Music

rdfabout
US Census

Media

Geographic

Publications

Government

Cross-domain

Life sciences

User-generated content

• Linked Data / Semantic Web

• World’s largest decentralized Knowledge Base

• Billions of facts



Introduction

3

• Linked Data / Semantic Web

• World’s largest decentralized Knowledge Base

• Billions of facts

• Example: http://dbpedia.org/resource/Mark_Zuckerberg

@dbpedia: http://dbpedia.org/resource/, @dbpedia-owl: http://dbpedia.org/ontology/

• (dbpedia:Mark_Zuckerberg, dbpedia-owl:birthPlace, dbpedia:White_Plains,_New_York)

• “Mark Zuckerberg was born in White Plains, NY”

http://dbpedia.org/resource/Barack_Obama
http://dbpedia.org/resource/Barack_Obama
http://dbpedia.org/resource/
http://dbpedia.org/resource/
http://dbpedia.org/ontology/
http://dbpedia.org/ontology/


Introduction
• Problem: 

• “Mark Zuckerberg” is strongly associated 
with “Facebook”
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• “Mark Zuckerberg” is strongly associated 
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?p ?o
dcterms:subject category:Directors_of_Facebook
dcterms:subject category:Facebook_employees

dbpedia-owl:abstract “... Facebook ...”@en
rdfs:comment “... Facebook ...”@en

dbprop:knownFor "Co-founding Facebook in 2004;"@en

dbprop:occupation "Chairman and CEO of Facebook"@en

dbpedia-owl:wikiPageWikiLink dbpedia:Facebook



Motivation

• many facts

• much noise

• equally important

• reasoning?
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• many facts

• much noise

• focus on important

• associative thinking
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• Connect thoughts in our minds

• Difference (non exclusive):

• Semantic Similarity: table & bed

• Association: waist & belt
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Associations

• Connect thoughts in our minds

• Difference (non exclusive):

• Semantic Similarity: table & bed

• Association: waist & belt

• Edinburgh Associative Thesaurus (Kiss, Armstrong, Milroy, Piper 1973)

• plain text associations
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Associations

• Collection Problems:

• Ambiguity

• Subjectivity

• Tedious

• Costly

• Changes over time
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Approach
• Collect Associations between Semantic Entities

• Human Computation:

• Outsource AI hard problems to humans

• Collect the data

• Games With A Purpose

• Solitaire (2003): 9 billion hours (von Ahn 2006)

• Panama Canal: built in 20 million hours (less than 
a day of Solitaire)
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• Semantic GWAPs (Siorpaes, Hepp 2008)

• Common Consensus (Liebermann, Smith, Teeters 2007)

• WhoKnows? (Kny, Kölle, Töpper, Wittmers 2010)

• RISQ! (Wolf, Knuth, Osterhoff, Sack 2011)

• Own

• Associator (Hees, Roth-Berghofer, Dengel 2010)

• BetterRelations (Hees et al. 2011)
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Knowledge Test Game: Walkthrough
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Eval - Stats
• Collected data:

• 6882 associations

• 1046 games

• 267 players

• 26.6 human hours
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Eval - Stats
• Collected data:

• 6882 associations

• 1046 games

• 267 players

• 26.6 human hours

• Example Result:

• :Mark_Zuckerberg

39

Association Mentioned
:Facebook 50
:The_Social_Network 15
:Chief_Executive_Officer 12
:Rich 8
:Millionaire 7



Eval: Game Questionnaire

• Summarizing: very positive

• Astonished by the suggestions-box
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Eval: Game Questionnaire

• Summarizing: very positive

• Astonished by the suggestions-box

• Influenced future guesses

• Lead us to reduce amount from 10 to 4
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Eval: Data Quality I

• Results for 10 topics graded by 36 people

• 5 point likert scale: 1 worst, 5 best
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Eval: Data Quality II

• Results for Top 9 topics manually sorted

• Aggregation is our Gold Standard
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the presented associations and their ordering. With µ = 4.2 the average over all
ratings (� = 0.9) is close to its maximum of 5.

Table 3. The most frequently submitted associations for the topic Mark Zuckerberg

Association Times mentioned
Facebook 50
The Social Network 15
Chief Executive Officer 12
Rich 8
Millionaire 7
Social Network 6
Entrepreneur 5

Table 4. The 9 most often played topics. The associations are printed as titles here
instead of the URIs of the corresponding DBpedia instances. Each topic’s associations
lists were presented in the questionnaire in a randomized order, where participants
were asked to rank them. The resulting ranks were then compared with the nDCG to
those generated with the Normalized Google Distance (NGD) and the game.

nDCG
Topic Top-N Associations Manual sorting NGD Game
Charlie Sheen 8 7 participants 0.860 0.969
Eminem 11 14 participants 0.870 0.931
Lady Gaga 18 9 participants 0.806 0.924
Mark Zuckerberg 7 15 participants 0.895 0.954
Osama bin Laden 12 7 participants 0.814 0.835
Transformers: Dark of the Moon 18 6 participants 0.768 0.926
United Kingdom 14 7 participants 0.806 0.873
World War II 17 17 participants 0.876 0.953
YouTube 10 17 participants 0.927 0.928

µ 0.847 0.921
� 0.051 0.042

After a second large experiment we chose another form to evaluate the gen-
erated association lists (an example can be seen in Table 3). We again conducted
an online survey, this time with 17 participants, where they were asked to rank
given randomized lists of the top-20 associations for the most often played top-
ics. By then, we had 15 done topics (i.e. played by more than 50 players). Out of
these 15 topics the 9 lists summarized in Table 4 were picked to form a ground
truth, as they had been ordered manually by more than 5 participants. The
ground truth was formed by averaging the individual ranks of the manually
ordered lists of the participants and sorting the associations accordingly. After-
wards, the normalized Discounted Cumulative Gain (nDCG) was calculated to
compare the manually ranked ground truth association lists with those retrieved
by the game. As a relevance metric, we used a linear mapping of the top element
to a relevance of 1 down to the last element with a relevance of 1

n .



Eval: Data Quality II

• Results for Top 9 topics manually sorted

• Aggregation is our Gold Standard

• Also compared Game’s sorting vs. NGD
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ground truth was formed by averaging the individual ranks of the manually
ordered lists of the participants and sorting the associations accordingly. After-
wards, the normalized Discounted Cumulative Gain (nDCG) was calculated to
compare the manually ranked ground truth association lists with those retrieved
by the game. As a relevance metric, we used a linear mapping of the top element
to a relevance of 1 down to the last element with a relevance of 1
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Summary

• Knowledge Test Game

• Collects Associations between Semantic 
Entities

• Powerful Suggestion-box (Bing & Google)
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Summary

• Knowledge Test Game

• Collects Associations between Semantic 
Entities

• Powerful Suggestion-box (Bing & Google)

• Game outperforms simple co-occurrence 
based similarity metrics

• Data online: http://knowledgetestgame.org/export
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http://knowledgetestgame.org/export
http://knowledgetestgame.org/export


Outlook

• Provide collected data as Linked Data

• Show most intuitive type in suggestions 

• Single player mode

• Enhance fun factor
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Discussion
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Thanks for your attention

http://knowledgetestgame.org(/export)

Jörn Hees
joern.hees@dfki.de

Mohamed Khamis
mohamed.khamis@guc.edu.eg

http://knowledgetestgame.org
http://knowledgetestgame.org
mailto:joern.hees@dfki.de
mailto:joern.hees@dfki.de
mailto:joern.hees@dfki.de
mailto:joern.hees@dfki.de
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Recall, GP @ k
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Eval - Stats
• Collected data:

• 6882 associations

• 1046 games

• 267 players

• 26.6 human hours

• Throughput:

• ~ 259 association / h (50 
players / day: 310 800) 

• Average Lifetime Play:

• ~ 6 min / p

• ~ 8 games / p

• Expected Contribution:

• ~ 26 sem. associations / p
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