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Social Tagging

A Social tagging is the process of collaboratively
annotating content with keywords (i.e., tags)

A Essential instrument of Web 2.0 to structure and search
Web content

A lIssues

A Tags are freely-chosen keywords E

A no rules
A Synonyms, spelling errors, etc.
A Hard to come up with a set of
descriptive tags by their own

“>I

[Zublaga, 2009]
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Tag Recommendations

BibSonomy

The blue social bookmark and publication sharing system.

home  myBibSonomy~  addpost~ groups~  popular~  genealogy

edit your bookmark post
general information

URL https://github.com/learning-layers/TagRec

This field is required.

title TagRec framework

This field is required.

Description Open-source tag recommendation evaluation framework

tags - describe the post

tags learning-layers recommender tagrec

space separated

recommendation e L it

]

post visibility

visibility settings © public
private

other

save and rate

Dominik Kowald, Know-Center & Graz University of Technology

[BibSonomy, 2017]
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Tag Recommendations: Benefits

A Help the individual to find
appropriate tags for
annotating a resource
[Wang et al., 2012]

A Increase the indexing
guality of resources
[Dellschaft & Staab, 2012]

A Support the collective in
consolidating the shared
tag vocabulary (semantic
stability) [Wagner et al.,
2014; Font et al., 2016]

Dominik Kowald, Know-Center & Graz University of Technology

BibSonomy

The blue social bookmark and publication sharing system.

tags~ | tag(s)

e myBibSonomy ~ add post~ groups ~ popular~ genealogy

# / popular / tags

Anthropologie Arbeit Architektur Archéologie Astronomie Bibel Bildung

Biografie BiOIOgie Bookmarks Cerebral Chemie christentum

Datenverarbeitung Deutsch Deutschland Elektrotechnik Engiisch Erziehung
Fim Fotografie Franzésisch Garten Geschichte Gesellschaft

Gesundheit Gesundheitswesen eerx Handel Humans;

Industrie Informatik Kommunikation «utturgeschicnte Landwirtschaft
Latein Linguistik Literatur Literaturwissenschaft Malerei Management

Mathematk MeEIZIN wusik Naturwissenschaften Philosophie

Physik Poiitik Psychologie Recht Reisen Religion Rhetorik
Sozialgeschichte Sozialwissenschaften Soziologie Spanisch Sport Sprache
Technik Theologie Theorie Umweltschutz Unterricht Verkehr Verwaltung

Video Wirtschaft wirtschaftswissenschaften algorithms, analysis blog book data
design education genetic google howto information internet java learning library linux

myown programming research science search semantic social Ssoftware tools tutorial
video web web2.0

[BibSonomy, 2017]
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Research Gap

A The way users choose tags for their resources strongly
corresponds to processes in human memory and its
cognitive structures [Fu, 2008; Seitlinger & Ley, 2012]

A Activation processes in human memory A ACT-R
[Anderson et al., 2004]

A Activation equation A usefulness of memory unit
depends on general usefulness (i.e., frequency and
recency) and usefulness in current semantic context

A Current tag recommendation algorithms are designed in
a purely data-driven way

A Tag popularity, user similarities, topic modeling,
factorization of resource features, etc.

A lgnore these insights from cognitive science

Dominik Kowald, Know-Center & Graz University of Technology ’("Cotw \\\57
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' Problem Statement

There is a lack of knowledge about (i) how activation
processes in human memory can be modeled for the
task of predicting and recommending tags, and (ii) if
this could lead to improvements in real-world tag
recommendation settings

Kowald, D. (2015). Modeling cognitive processes in social tagging to improve

Dominik Kowald, Know-Center & Graz University of Technology @"0 ;
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RQ1: How are activation processes in human memory influencing the tag reuse
behavior of users in social tagging systems?

Factors: past usage frequency,
recency & semantic context

RQ2: Can the activation equation of the cognitive architecture ACT-R, which
accounts for activation processes in human memory, be exploited to develop
a model for predicting the reuse of tags?

Activation equation of ACT-R:
BLL

AC

Can a tag prediction model based on the activation equation be expanded
RQ3 with tag imitation processes in order to improve tag recommendations in
real-world folksonomies?

Tag imitation processes:

BLL, +MP.

C

Given that activation processes in human memory can be modeled to
RQ4 improve 1051 recommendations, can they also be utilized for hashtag

recommendations in Twitter?

Temporal effects on hashtag reuse:

BLL, . & BLL

1,5,C

Future Work: Cognitive-inspired recommender systems

(e.g., resource recommendations)

Dominik Kowald, Know-Center & Graz University of Technology Eﬂow ' i ,
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How are activation processes in human memory
iInfluencing the tag reuse behavior of users in social
tagging systems?

Dominik Kowald, Know-Center & Graz University of Technology @NOW ‘

Center



ity

Tag Reuse Probabil

Modeling Activation Processes in Human Memory to Improve Tag Recommendations ﬁ-gg.

=lo)8 Result

2 10° 2 10%;
2 2 10°
8 107 g
s s 10
v -2 1]
s 10 @ =3 2
2 2 10 :
o (=)
I1 I?_ I3 4 ﬁloaﬂ Il IZ I3 4 ﬁ]'0-3{} I] I2 3 I4 5
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Tag Frequency Tag Recency [days] Tag Similarity with Semantic Context

[CiteULike, 2016]

A The more frequently a tag was used in the past (k > 0),
the higher its reuse probability is.

A The more recently a tag was used in the past (k < 0), the
higher its reuse probability is.

A The more similar a tag is to tags of the current se
context (k > 0), the higher its reuse probability is.

A The activation equation of ACT-R models these factors

Dominik Kowald, Know-Center & Graz University of Technology Eﬂow -

<

Center




Modeling Activation Processes in Human Memory to Improve Tag Recommendations ﬂ-gg_

Can the activation equation of the cognitive
architecture ACT-R, which accounts for activation
processes in human memory, be exploited to develop a
model for predicting the reuse of tags?

Dominik Kowald, Know-Center & Graz University of Technology ENOW ‘
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The Activation Equation of ACT-R

A Activation equation [Anderson et al., 2004]
Ai = Bi + Z (Wj - 5j.4)
j
A Activation of memory uniti (e.g., a tag) =
base-level activation of i (general usefulness) +
associative activation of i (relevance to context cues )

A Base-Level Learning (BLL) equation [Anderson &
Schooler, 1991]

A Integrates past usage frequency and recency of i

T

B = ln(z t7 )

i=1

Dominik Kowald, Know-Center & Graz University of Technology E"otw JW
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Methodology

A 6 Datasets

A Flickr, CiteULike, BibSonomy, Delicious, MovieLens
and LastFM

A Evaluation protocol

A For each user, put most recent bookmark into test
set A therest is used for training

A Evaluation metrics
A Precision, Recall, F1-score, MRR, nDCG, MAP
A Recommendation algorithms

A MostPopular (MP.), MostRecent (MRu), GIRP [Zhang et
al., 2012], FolkRank (FR) [Hotho et al., 2006], PITF
[Rendle & Schmidt-Thieme, 2010] A BLLAc

Dominik Kowald, Know-Center & Graz University of Technology E"Co t T
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NOVA Results

Dataset Metric MP, MP, |GIRP |BLL 4 | FR PITF
— £ @5 371 .000 | .455 | .470 |.365 .350
1T MAP@10 || 500 000 | .647 | .680 |.501 .469
. . @5 9231 042 | 243 | .259 [.250 .178
CiteULike -y rapato | 307 054 | 335 | .367 |.307 233
BilSonome 1G5 9253 068 | 262 | .280 |.279 215
‘ Y MAP@10 | 307 073 | 323 | .346 |.337 9257
Delicione  F195 173 135 .190 | .243 |.196 .199

O NIAP@10 || 206 153 | 238 | .312 |.226 229
R, £ a5 103 109 | .198 951 [|.270 .276
o MAP@Q10 || .226 .226 | .239 312 1.313 .336
MovieLons  F1@5 077 135 | .077  .08G |.153 .156
: > MAP@10 || .150 223 | 160  .188 |.253 .275

A BLLac outperforms related methods in Flickr, CiteULilge"
BibSonomy and Delicious (narrow folksonomies)

A Algorithms that utilize tag imitation processes provide=the
best results in LastFM and MovielLens (broad folksonomies)

Dominik Kowald, Know-Center & Graz University of Technology E”otw i
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Can a tag prediction model based on the activation
equation be expanded with tag imitation processes
In order to improve tag recommendations in real-
world folksonomies?

Kowald, D. and Lex, E. (2015). Evaluating tag recommender algorithms

Dominik Kowald, Know-Center & Graz University of Technology @"ﬂ %
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Tag Imitation and Hybrid Approach

A Tag imitation is realized via the most popular tags

assigned to the resource (MPr) [Floeck et al., 2010]

'i(-’l@, r) = arg ?11&1-X(|}’;1.,-|)
LT,

A BLLac and MPr are mixed using a linear combination

~ k

Ti(u,r) = argmax(F o, (A(t,u,r) +(1 — B)or. (|Yer]))
teT, VT h ~~ d
BLL ¢
BLLac+MP,

A b can be used to assign weights to the components
(currently set to 0.5)

A s maps the components idn a

Dominik Kowald, Know-Center & Graz University of Technology [E”oﬂv W
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=Tor) Results

Dataset Metric MP, MP, | GIRP BLLac | FR PITF | BLLAc+MP,
Flickr Fra@5s S71 0 .000 | .455 A70 | .365 350 470
MAP@10 {| .509 .000 | .647 680 | .501  .469 .680
CiteULike F @5 231 .042 | .243 259 | .250 178 273
MAP@10 || .307 .054 | .335 B67 | 327 233 380
BibSonomy Fy@b5 253 068 | .262 2800|279 215 298
© MAP@10| .307 .073 | .323 346 | 337 257 365
Delicions Fia@5 A73 0 135 1190 243 |1 .196 199 283
MAP@10 || .206 .153 | .238 312 1.226 229 .358
[ astFM F @5 193 199 | 198 251 | 270 .276 .283
MAP@10 || .226 .226 | .239 2121313 336 344
MovieLens Fra5s 077 135 077 086 | .153 156 .160
MAP@10 || .159 .223 | .160 A88 | .253  .275 276

A This hybrid approach (BLLac+MP:) outperforms all
related algorithms in all datasets (narrow and broad)

A BLLac can be combined with MP: to model tag imitati
processes

Dominik Kowald, Know-Center & Graz University of Technology E”cotw W
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Given that activation processes in human memory can
be modeled to improve tag recommendations, can they
also be utilized for hashtag recommendations in
Twitter?

Kowald, D., Pujari, S., and Lex, E. (2017). Temporal effects on hashtag reuse in
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Hashtags in Twitter

[Twitter, 2017]
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