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ABSTRACT

To help generate relevant suggestons for researchers, recomumen-
dation systems have staried to leverage the latent inferests in the
publication profiles of the resesrchers themselves. While using
such a publication citation network has been shown to enhance
performance, the network is often sparse, making recommendatdon
difficult. To alleviate this sparsity, we identify “potental citaton
papers” through the use of collaborative filtering. Also, as differ-
ent logical sectons of a paper have different significance, a5 a sec-
ondary confribution, we investigate which sections of papers can be
leveraged 1o represent papers effectively.

On a scholarly paper recommendation dataset, we show that rec-
ommendstion sccuracy significantdy outperforms state-of-the-an
recommendation baselines as measured by 1DCG and MER, when
we discover potentisl citation papers using imputed similaritias via
collaborative filtering and represent candidate papers using both the
full text and assigning more weight to the conclusion sections.

Min-Yen Kan'~*

‘National University of Singapore
*NUS Interactive and Digital Media Institute
Computing 1, 13 Computing Drive,
Singapore 117417
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to the sum total of buman knowledze. While cerminly advanta-
Eeous, his crestes a problem of over abundance, commonly known
as “information overload™: where researchers find an overwhelm-
ing mumber of matches to their search queres, bur for which the
majority are largely imrelevant to their latent information nesds.
Work in recommendation systems is one promising spproach to
address the information overload. In digital Hbrary smdies, thiz
approach has been employed to obtain and refine search results to
sausfy each user’s information needs [10, 18, 3, 23, 13]. However,
these approaches do not fully leverage the user’s context, largely re-
lying on the idea of session-as-context This legacy is ported from
research in Web search, where session click-thronzh data are wsed
to form the context. To address this problem, in our previous work,
we observed that the scholarly comtett allows us to leverage the
role of the searcher-as-author [16]. We modeled a searcher’s con-
text in the form of a profile by capmring previous research inter-
ests embodied in their past publications, and showed elevated suc-
«cess at scholarly paper recommendatdon. Our approach in [146] also

Full

text
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Our Goal

 To find potential citation papers to model candidate
papers to recommend much better for better
recommendation

 To refine the use of citation papers in characterizing
candidate papers to recommend using fragments
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Related Work

Scholarly Paper Recommendation
[Nascimento et al., JCDL'11]

Titles of published R Title and abstract of
papers . /o J candidate papers

TUT: A Statistical Model for Detecting Trends, Topics amn
User Interasts in Social Media

Researcher andldate papers

to recommend

10 O

Recommended papers
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Related Work

Scholarly Paper Recommendation

[Wang and Blel., KDD’11]: Collaborative topic regression
Combines ideas from collaborative filtering and content analysis

based on probabilistic topic modeling

P | P | Pj | — Py
Title and abstract
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# €{0,1} whether user ui includes paper pj
In the user’s preference
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Outline of Baseline System
[Sugiyama and Kan, JCDL’10]

(1) Construct user profile (2) Compute similarity between
from each researcher’s P.. and |:'°fe°j ( J :1,...,'[)

ast papers P Py
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A~ Candidate papers to recommend
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(3) Recommend papers
with high similarity
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citation or reference
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Weighting scheme

Cosine similarity
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Outline of Baseline System
[Sugiyama and Kan, JCDL’10]

(1) Construct user profile
from each researcher’s

past papers / I:)user
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Researcher .\
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Candidate papers to recommend
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(3) Recommend papers
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[Sugiyama and Kan, JCDL'10] ' Proposed Method [Sugiyama and Kan, JCDL’13]

Citation (cit) and potential citation (pc) papers

Citation (cit) papers

W P— Prefy
p ref,

Reference (ref) papers Reference (ref) papers
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Proposed Method

(1) Leveraging Potential Citation Papers

(2) Leveraging Fragments in Potential Citation Papers
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(1) Leveraging Potential Citation Papers
How are potential citation papers discovered?
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How are potential citation papers discovered?

Peity | Pei, | Peity | | Peity |~ [Peitn—olPeitn_| Peitn_

0.212 0.735 0.687
ol 0.656 0.328 0.436
0.764 0.527 0.385
0.581 0.330
0.383 0.248 0.176
PN 2 0.654 0.525
0.265 0.430 0.226

p; i=1,2,---,N) :Allpapers in dataset
Pcit; (G=1,2,---,N): Papers as citation papers in dataset
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Proposed Method
(1) Leveraging Potential Citation Papers

How are potential citation papers discovered?

Peity | Pei, | Peity | | Peity |~ [Peitn—olPeitn_| Peitn_

p1 0.212 0.735 0.687
7 0.656 0.328 0.436 Peit, J

pCitN_z
0.764 0.527 0.385

sim: 0.581 /

Uotel Uy \ sim: 0.330
Y
0.383 0.248 0.176 Ptgt
0.654 0.525

0.265 0.430 0.226

=

= = i
[ Q w

[N o~

=
T
N

H
2

sim: cosine similarity

p; i=1,2,---,N) :Allpapers in dataset
Pcit; (G=1,2,---,N): Papers as citation papers in dataset
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Proposed Method
(1) Leveraging Potential Citation Papers

How are potential citation papers discovered?

Peity | Peit, | Peity | | Peity |~ [Peitw—a)Peitn_o| Peicy JCCISCICRIICENE]

0.212 0.735 0.687 0.538
0.656 0.328 0.436 0.216
0.764 0.527 0.385 0.475
0.581 0.330
0.383 0.248 0.176 0.304
0.654 0.525 0.513
0.265 0.430 0.226 0.487
p; i=1,2,---,N) :Allpapers in dataset Neighborhood of

the target paper

Pcie; (J = 1,2,--, N): Papers as citation papers in dataset (e.g., set 10 4)
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Proposed Method
(1) Leveraging Potential Citation Papers

How are potential citation papers discovered?

 Peity | Pei, | Peity | — | Peity |~ [Peitw—o|Peirno| Peicy [IRCEISCICRIICENEY

0.212 0.735 0.687 0.538
0.656 0.328 0.436 0.216
0.764 0.152 0.527 0.385 0.475
0.581 0.330
0.383 0.248 0.176 0.304
0.654 0.525 0.513
0.265 0.430 0.226 0.487
p; i=1,2,---,N) :Allpapers in dataset Neighborhood of

the target paper

Pcie; (J = 1,2,--, N): Papers as citation papers in dataset (.9, set o 4)
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Proposed Method
(1) Leveraging Potential Citation Papers

How are potential citation papers discovered?

Pearson correlation

0.538
0.216
0.764 0.152 0.527 0.385 0.475
0.435 0581 0536 —— g | — 0.330 0.472 0.368
0.383 0.248 0.176 0.304
0.654 0.525 0.513
0.265 0.430 0.226 0.487
p; (i=1,2,--,N) :All papers in dataset Og;;g?:a' citation

Peit; (G=1,2,---,N): Papers as citation papers in dataset (e.g., set to 3)
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Proposed Method
ldentified Potential Citation Papers

Pcit, :
—_—— | I pCitN_l |_ [
4 | l

Potential citation paper
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Proposed Method
(1) Leveraging Potential Citation Papers

How is the sparsity of matrix is solved?
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Proposed Method
(1) Leveraging Potential Citation Papers

How is the sparsity of matrix is solved?

Original matrix Imputed matrix

0.233 0.628 1.000 0.233 0.723 0.538 0.628

0.233 0.147 0.233 1.000 0.147 0.476 0.156
0.147 0.265 0.723 0.147 1.000 0.265 0.521
0.265 0.538 0.476 0.265 1.000 0.268

0.628 B2 0628 0.156 0521 0.268 1.000

The values in the cell: _
Cosine similarity between papers Imputation
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Proposed Method
(1) Leveraging Potential Citation Papers

How is the sparsity of matrix is solved?

Deie | Pety | Pecy | Pei | Peies
( p1 1.000 0.233 ? 0.628 @ 1.000 0.233 0.682 0.453 0.628
pZ 0.233 1.000 0.147 0.476 0.156 “ potentia| citation papers”
“ (e.g., setto 1)

Bl 0538 0.476 0.265 1.000 0.268 b T
[t
Bl 0628 0156 0.521 0.268 1.000 Clts) !

I I pc1t5
Pcit, [
Target paper (p1) and corresponding
Imputed similarities of neighborhood

(p2, pa, and pg) from “Imputed matrix”

P1
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(1) Leveraging Potential Citation Papers
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Proposed Method
(1) Leveraging Potential Citation Papers

Feature Vector Construction for Target Papers

j
FP=fP+ D WP f e
1

k
4 ZW pcity_>p f pcity

y=1

|
+ ZW P=> Pref, f Pref, W P—> Presy
=1

‘ prefl

cosine similarity

WING, NUS



Proposed Method
(2) Leveraging Fragments in Potential Citation Papers

o [frg-SIM]: Fragments with cosine similarity weighting

o [frg-TW]: [frg-SIM] with tunable weight
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Proposed Method
(2) Leveraging Fragments in Potential Citation Papers

[frg-SIM]: Fragments with cosine similarity weighting

Pre, i N
L = =
Fragments P s N = i—
(“abstract,” “introduction " “conclusion,” etc.)  i—: \ T C_%p/
,- o \ W PP W ™
p __ Ppey 2P P pey pmty_)p pCIty . N p —
F*= ZW (frg) f(frg) T ZW (frg) (frg) P, [ — W Pra P W Pee P )tk:
x=1 I I
] W Pciyy, = P W Peiy, =P
+ 7+ D WP f P D
k References
pci d pci
+ > W T,
y=1 W p_V W p— prefz W i
|
+ ZW P> Prety f Prefy pref1 pref2 prefI
) I I 4 I

Full text
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Proposed Method
(2) Leveraging Fragments in Potential Citation Papers

[frg-TW]: [frg-SIM] with tunable welgpht _______

Fragments i—

(“abstract,” “introduction,” “conclusion,” etc.) Pec, — \
a:
j ------- 4 W p
Ppe 7P £ Ppcy Peit, > P ¢ Poit
@(Z\N(frg) f(frg) i ZW(frgy) 1:(frgy) pcit1 _q \
. o

+(1—0[)(f P4 ZW Ppcy =P f Ppcy W Peiy =P

k
n ZW pcity—>p f pcity

prefl pref2
Full text
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Experiments

Experimental Data

(to be released soon from
http://www.comp.nus.edu.sg/~sugiyama/SchPaperRecData.html)
(a) Researchers (they have publication lists in DBLP)

Number of researchers 25 25
Average number of DBLP papers 10.4 9.6
Average number of relevant 76.3 74.5
papers in our dataset

Average number of citations 15.3 (max. 169) 14.4 (max. 145)
Average number of references 15.8 (max. 47) 14.2 (max. 58)

(b) Candidate papers to recommend (constructed from ACM Digital Library)

Number of papers 50,176 50,175
Average number of citations 19.4 (max. 175) 16.5 (max. 158)

Average number of references 15.7 (max. 45) 15.4 (max. 53)

WING, NUS



Experiments
Evaluation Measure

« NDCG@5, 10 [Jarvelin and Kekalainen, SIGIR’00]
e Gives more weight to highly ranked items

 Incorporates different relevance levels through different
gain values
- 1: Relevant search results
- 0: Irrelevant search results

* MRR [Voorhees, TREC-8, '99]

* Provides insight in the abllity to return a relevant item at
the top of the ranking

WING, NUS



Experiments
Experimental Results

(1) Leveraging potential citation papers
[Tune:pc] Parameter tuning to discover potential
citation papers
(2) Leveraging fragments in potential citation papers
[Tune:frg-SIM] Fragments with cosine similarity
weighting
[Tune:frg-TW] [frg-SIM] with tunable weight

(3) Applying optimized parameters to test set

WING, NUS



(1) Leveraging Potential Citation Papers

[Tune:pc]
Parameter tuning to discover potential citation papers
nDCG@5 [pc-IMP] %2 ' | | e
‘n=4’ "~ AT
0.6 [ o
'Weight:"SIM"
058 1 (Th=0.4, ¥=0.23, d=3)’

X/ 0.568 (best)
XXX K K-
X :

nDCG@5

pc-BIN (n=4, Npc=5): 0.547
pc-SIM (n=4, Npc=5): 0.563

|

|

|

|

|

1 : 1

0 56 10 15 20 25 30
Number of potential citation papers (Npc)
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(2) Leveraging Fragments in Potential Citation Papers
[Tune:frg-SIM]
Fragments with cosine similarity weighting

pc-IMP (n=4, Npc=6) NDCG@5

Abstract 0.535
Introduction 0.538
Conclusion 0.543
Full text 0.568
Full text + Abstract 0.570
Full text + Introduction 0.569
Full text + Conclusion 0.574
pc-BIN (n=4, Npc=5), 0.558
Full text + Conclusion
pc-SIM (n=4, Npc=5), 0.569

Full text + Conclusion

WING, NUS
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(2) Leveraging Fragments in Potential Citation Papers
[Tune:frg-TW]
[frg-SIM] with tunable weight

NnDCG@5 [pc-IMP] NDCG@5 [pc-IMP]
(“Only fragments”) (“Full text and fragments™)
0.62 . . — —
- | | | ? ’Abétr_act: — ‘FuIIthLtixltnYr:dbusgi?)crf’ T
(Lrg;c;?ﬂgtf: —;é— 06 'FL‘II| text+Conclusionz -¥-
o8 'CC (Nes=1)" —{F-— ] 0.577 (best) ’FFLlllllttE):t +5C|-? (NCS?)’ _.E-__
'5 keywords' —l—- B _ey:vorf el
0.58 [ Weight:"SIM" 1 0.58 1 0.571\*\0. 68 o V:elgh;. SdIM, ________ .
' 0.564 (Th=0.4, 1=0.23, d=3) S (Th=0.4, ¥=0.23, d=3)
0.56 [ ossa@x 0.556 g, ] 0.56 | ’ :
- o E .
@ 0.54 [ ‘ % 0.54 | o .
8 e ] - i ) : g e 0.52 = - "’"—r‘ : :
S 0.52 Ml | i it - s N ] . N ot — o L
asis” S 0519” : |
0 ! | | ] 05 :
00 pc-BIN (a=0.7, Concl:uswh) 0. 546 pc-BIN (G‘O 7, Conclusion): 0.559
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(3) Applying Optimized Parameters to Test Set
| nDCG@5 MRR

pc-IMP (n=4, Npc=6)

frg-SIM (Full text + Conclusion) 0.572 0.787
frg-TW (a=0.4, Full text + Conclusion) 0.579 0.793
Baseline system
[Sugiyama and Kan, JCDL'10] 0.525 0.751
(Weight “SIM,” Th=0.4,y=0.23,d=3)
[Nascimento et al., JCDL'11] 0.336 0.438

(“Frequency of bi-gram”
obtained from title and abstract)

[Wang and Blei., KDD'11] 0.393 0.495
(“In-matrix prediction” in
collaborative topic regression)
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Microscopic Analysis

o 1St Relevant Result in Recommendation List for a
“Mobile Computing” Researcher

[Sugiyama and Kan, JCDL’10]: 52"
[Sugiyama and Kan, JCDL'13]: 18t

« Example of Identified Potential Citation Papers

I “Computer-based music
: conducting systems”

— |
“Biomechanics” : : :
I I I —

5 HCIJ

4 y A S
I 11 A A 7
' . “Machine learning

Target Paper:
“Real world
Gesture analysis”

HCl “Human Computer
Interaction” papers

WING, NUS



=2 NUS

V- e
Limitations
|dentified Potential Citation Papers
Target "~ ~ 71 “Mobile
i ' | Technology”
== “Mobile il Bl o it
“Understanding mobile Technology” ! !
|

user’s behavior”

- Mobile technology
- User search behavior
- Clustering

Interdisciplinary paper

“Mobile
Technology”

Target paper:
“Understanding mobile
user’s behavior”
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Conclusion

To recommend scholarly papers much more relevant to
a researcher’s interests, we have proposed:

(1) How to identify potential citation papers
(2) How to leverage fragments in citation papers

to characterize candidate papers to recommend.

(1) — Collaborative filtering with imputed matrix

(2) — “Full text + Conclusion” with tunable weight

WING, NUS



Future Work

We plan to develop methods for:

« Selecting balanced neighborhood for interdisciplinary
target papers in collaborative filtering

 Developing a novel term weighting scheme suitable
for small-sized text fragments in papers

Thank you very much!

WING, NUS



	Exploiting Potential Citation Papers in Scholarly Paper Recommendation
	Introduction
	Introduction
	Introduction
	Introduction
	Introduction
	Introduction
	Introduction
	Introduction
	Our Goal
	Related Work
	Related Work
	Outline of Baseline System
	Slide Number 14
	Outline of Baseline System
	Slide Number 16
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	Proposed Method
	(2) Leveraging Fragments in Potential Citation Papers
	(2) Leveraging Fragments in Potential Citation Papers
	Experiments
	Experiments
	Experiments
	(1) Leveraging Potential Citation Papers�[Tune:pc] �   Parameter tuning to discover potential  citation papers
	(2) Leveraging Fragments in Potential Citation Papers�[Tune:frg-SIM]�   Fragments with cosine similarity weighting
	(2) Leveraging Fragments in Potential Citation Papers�[Tune:frg-TW]�   [frg-SIM] with tunable weight
	(3) Applying Optimized Parameters to Test Set
	Microscopic Analysis
	Limitations
	Conclusion
	Future Work

