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Design and Application of Scientific Paper Functional Units Ontology

WANG Xiaoguang, LI Menglin & SONG Ningyuan

ABSTRACT

With the increasing of knowledge resources and the demand of knowledge mining, it is important to enrich
the semantics of academic literature, which can not only help users quickly and accurately locate the
knowledge units in scientific papers, but also can help readers to conduct comparative analysis and strategic
reading. Therefore, it’s essential to identify and describe the components and their semantic functions within
scientific papers for promoting knowledge discovery and knowledge services.

Scientific paper content ontology is the standardized knowledge representation of scientific papers’ content
structure and semantic function. It is of great significance for the deep indexing, information extraction and
knowledge mining of scientific papers. After a review on the existing researches of paper components and
attributions as well as the published ontologies, the existing ontologies, limited to the fundamental theories,
have some deficiencies in revealing the deep semantics of information embedded in scientific papers. In

order to design and build a component ontology, which is more suitable for information extraction, the
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functional unit theory should be considered.

The functional unit theory is the fundamental theory that combines information tasks and genre analysis,
which is more suitable for the development of scientific paper content ontology oriented to knowledge
discovery. Based on the functional unit theory, a novel ontology named Scientific Paper Functional Units
Ontology( FUO) is designed. After reviewing the 41 functional units, 28 components are redesigned,
including background, goal, motivation, method-description, conclusion, contributions, etc. Based on the
components, 12 classes and 28 subclasses are designed. The attributions of the classes are also designed by
refering to Bio-Event ontology and News-Event ontology. The classes and attributions of FUO are formally
represented with protégé 5.1. Then 10 research papers from JASIST are randomly selected to conduct a deep
indexing experiment by using the GATE, a semantic annotation software. Finally, the distribution of
different functional units within scientific papers is analyzed.

The originality of this research lies in the clear definition of the functional units with their attributes and
the FUO which can reveal semantic features of scientific papers components in a more comprehensive and
detailed manner. The results have also proved the potential availability of FUO for deep semantic indexing,
semantic retrieval and knowledge discovery. This research deepens our understanding on scientific paper as
a knowledge container from the perspective of information science. The limitation of this paper is the lack of
considering the semantic relationships between content components of scientific paper. More detailed
definition of the relationships and new components such as interactive tables, datasets, audios and videos
should be studied in the future. 4 figs. 9 tabs. 47 refs.
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v-® Method
® Method-Description
® Method-Evaluation
® Method-Selection
v—® Origin
® Motivation
© Significance
v-®Result
© Result-Description
@ Result-Evaluation

V@ Theme
® Definition
® Goal
® Scope
E1 FAEREREFEHMEE

FERZ 157 B SCHR 41 21007 2, TR AR 8 %) SCHR
RN KL L 7 Bt PR AT AR 51 5 41 4L, RALIF
RN B KR 5 8 2 TP 24 VR AR R
LA A PP SRR JEE 2R R 2R 7R, S B

V- @B topDataProperty
VvV mmCertain_Level
@ low
@8 high
V- m8 Source
@8 own
@8 others
V@ Tendency
@@ neutral
@8 positive
@8 negative
V mBTense
@ future
@ past
@ present
VvV ommType
@8 observation
@ general
@8 explanation
@minvestigation
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TE FLBA3 AT T FR T E: GATE™ I Annot-
ea ™ 5, RATER T GATE 1E MR 5 T H,
GATE it JF /R 8K 2B TF &, & — B EE AR bR
TE A SRIE 5 A 255 ) BB AR R Ol — A 1 SCAR 4y
W E, Bl AR 8.4.1, &1 GATE & 7]

DASE A 74 A B 4 o R 2 98 S P 8 3R 43 AT B
51, 94 bR 51 45 3 UL XML /4 8 2K 28 47 77 % .
GATE 7T LIXIAS R LR Tk A7 T AL 2 3,
R AR R 4 B

"%
o e &
ARiE XA ry
HA TF || R e
GATE OAT i B Ak FriE R A
e E }
PR FEE R
#K’TT*F/E ﬁﬁ%

Bl 4 GATE FE&MIRSIRIE

4.2 FR5IEAHE R

PR SEER A5 SR nT AR ORAT 9 XML SR, 7R
fltne s M 6 fron, 5 Bm 1222 J7
O AARIESE RACHD X — 7 FEALHETT ik A
LEPIRE KT, FE R AR IR AR
SN PO

6 s AT IETE S AR G 4528, X
RSO0 EE T8 A W58 A0 A B R R L T
FEALFEA YR RITRAY R I AR

4.3 REbRTI9URER

H T BAESRERITTAME FUO XIRF 218 30
SCESFIFNRE HY R 7m BE J7, AW 58 2 AR 1)
Journal of the Association for Information Science
and Technology " HEPLIIEL T 2015—2018 4 [i1]
KA 10 Je W58 RIS SCAE S SE 8 X4 A By
FUO BEATIR TR SChRG 1, 23 Rl 56 AL 4L
ARiFRA2H 2T, FERREMRBEZSHEAR
D3 SC, 1 SO T R, BE AL IR Y
10 FIB3CINER 7 R,

RS5 FIFERSIERKBRG

B REREEBAK N AAM

XML X 7

% 3] % 3% (Learn how to do)

® J7 3 ( Method )

77 i 1 % ( Method-Selection )

77 3% 34 3£ (Method-Description )

77 % 3T f& ( Method-Evaluation )

® L % ( Experiment )

52 36 % # ( Experiment-Material )
52 36 £ 4+ ( Experiment-Task )

5236 % ¥R ( Experiment-Procedure )
5236 7 & (Experiment-Variable )

<method-descriptionsource = “own” tense = “present” >
Our method is based on the following steps...</method-
description>

<experiment-materialsourse = “ others” tense="“past” type
=“general” >We have used a corpus of five scientific
journals: PLoS Biology, PLoS Computational Biology, ....
in the XML format. </experiment—material>
<experiment-procedure source= “own” >section categori-
zation and part-of-speech-tagging...

</ experiment-procedure>

<experiment-procedure source = “own” tense = “ past” >
our first task was to categorize the sections according to
the...To do this, we analyzed the titles...
<experiment-procedure source = “own” tense = “past” >
the extracted citation contexts were processed using

TreeTagger. ..</experiment-procedure>
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®6 HMRERIFIERKBRA
5 B & R AR WA A 1 XML K7

<backgroundtype = “ general” tendency = “neutral” tense
# % # 5% (Learn about background) =“past” > Citation analysis has been the subject of nu-

merous studies during the last decades and there has been

a constant interest in producing a theory of citations...</
background>
<value tendency = “ positive” source = “others” >The

o ©.47 % % ( Existing Research) works of Cronin [ 5-7], Small [ 21] and Leydesdor[ 11 ]

i A% (Others) are émnng the most ‘important in this domain and showed
A AH 5 (Own) the importance of t‘hls resAEéar?h....</value> ’

B A 5 8 ( Value) fgap tenfency :. “negative” source = otP.lers " tense =
A H % % (Gap) present ?Thelr large-s?ale study ex:ar‘nmes- only the
o % & (Background) number of citations according to the positions in the Ate?(l
® % % (Theme) and in the sections but does not rely on further linguistic
#F % 3% 1 ( Scope) ane?lyscs 'of the citat'ion contexts...</gap>

% # % 3L ( Definition) <discussion-comparison type = ““ explanation” tendency =
o 3t ( Discussion) “positive” source = “own” type = “ present” > These

. . . corpora can serve as a reference data for other works...our
*t . ( Discussion-Comparison ) P ) ) ) :
study tries to extend this type of approach...</discussion-
comparison>

®7 TREERRXIIR

b XG5 W SO AL
1 Reader Characteristics, Behavior, and Success in Fiction Book Search
2 Cognitive Modeling of Age-Related Differences in Information Search Behavior
Matched Control Groups for Modeling Events in Citation Data; An illustration of Nobel Prize Effects in Ci-
’ tation Networks
Citations, Mandates, and Money: Author Motivations to Publish in Chemistry Hybrid Open Access Jour-
N nals
5 Assessing Perceived Organizational Leadership Styles Through Twitter Text Mining
6 Cultural Diversity of Quality of Information on Wikipedias
7 Scientists’ Data Reuse Behaviors; A Multilevel Analysis
How Online Social Interactions Influence Customer Information Contribution Behavior in Online Social
5 Shopping Communities; A Social Learning Theory Perspective
9 Imperfect Referees: Reducing the Impact of Multiple Biases in Peer Review
10 Online Consumer Reviews and Sales: Examining the Chicken-Egg Relationships

FRATREIR AT SCHR R AR AT IERX 10 e DOEEARIZR B Y D BE ST AE B8 SO By 23
SCHEAT TARS1 IEXARG ISR T TR b, Al 4Rk 8 Mk 9 k.,
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RS BEARXPEEWNIIREATHEYE

it X5 WX 1| ®BX2 | X3 | X4 | HX5| X6 | ®HXT | HX8 | HXI|HXI0
REHE 30 31 28 25 28 26 31 32 28 30
KEHEH(%) | 90.9 | 93.9 | 84.8 | 75.8 | 84.8 | 78.8 | 93.9 | 97.0 | 84.8 90.9
£9 AEThEERTHIAME
WXHE/ R 10 9 7 6 5 4
% OE AR 3L A
BER LD AR X A
, BHE AL LB S H R E X F
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B2 BRI SN B AR S G (B
S5 AN T AR R B A FEIE ST
W bRG | T B N AR BT L RERR
G PR A A T IR P h— AT
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