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Reference String Recognition based on Word Sequence Tagging and
Post-processing: Evaluation with English and German Datasets
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Abstract

Reference string recognition is to extract individual reference strings from a reference section of

an academic article, which consists of a sequence of reference lines. This task has been attacked by

heuristic—based, clustering—based,

classification—based approaches,

exploiting lexical and layout

characteristics of reference lines. Most classification—based methods have used sequence labeling to

assign labels to either a sequence of tokens within reference lines, or a sequence of reference lines.

Unlike the previous token-level sequence labeling approach, this study attempts to assign different

labels to the beginning,

post—processing is applied to

intermediate and terminating tokens of a reference string. After that,

identify reference strings by predicting their beginning and/or

terminating tokens. Experimental evaluation using English and German reference string recognition

datasets shows that the proposed method obtains above 94% in the macro—averaged F1.
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Table 1. Example of AOIT-tagged Reference Lines

No| AOIT-tagged Reference Line

01 | James/A Brown,/A Richard/A Wilson,/A Michael/A

02 | Smith,/A and/A Dale/A Thompson./A "Semi-automatic/O
03 | extraction/O of/O paraphrase/O expressions/O from/O
04 | parallel/O corpora"./O In/l Eric/O Williams/O and/O

05 | Andrew/O Scott/O (eds.),/O Handbook/O of/O Corpus/O
06 | Processing./O pp./O 62-78./0 2013./T

07 | Robert/O Taylor./O "Deep/O Leaming"./O ABC/O press./T
08 | Liang/A Huang,/A Mary/A Murphy,/A "Deep/O Learning/O
09 | Approaches/O to/O Authorship/O Attribution"./O XYZ/O
10 | press./O 2015./T

11 | Edward/A Martin,/A Daniel/A Clark./A "Learning/O to/O
12 | generate/O natural/O paraphrases"./O Information/O &/O
13 | Intelligence./O 31(4)./0 pp./O 157-172./0 2014./0
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Table 2. Comparison of CRF-based Approaches to Reference
String Recognition

Method Tag set Tagging unit
—-< > < >
Grobid[5,8] I-<label>, <label>, Token in Reference Line
|-<reference>, <reference>
RefExt[4] B-REF, I-REF, O Reference Line
Proposed Author, Tail, In, Year, Other |Token in Reference Line
method

V. Experiments

1. Evaluation of Proposed Method
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Table 3. Statistics of ACL-ARC Reference String Recognition
Dataset

Train Validation Test

Number of Papers 100 50 100
Number of Reference Lines 9439 4300 8737
Number of Reference String 2238 1048 2100
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Table 4. Features for CRF Learning (Figures in Parentheses
Indicate the Number of Features)

Category

Features

Word (3)

token itself, token lower-cased, token with

non—-alphanumeric characters removed

Location (1)

location of token within the reference line

Dictionary (2)

check if token(or with ending non-alphanumeric
characters removed) is in the person/location name
list

Initial (1)

check if token is in the form of person name
abbreviation (e.g., M. or M.,)
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Table 5. Performance of CRF Tagging on ACL-ARC Train Set
with AOIT Tag Set

N-gram (8) 1~4 character prefixes/suffixes of token Tag Precision Recall F1
) check if the first/last character of token is A 0.9815 0.9878 0.9846
First & last . : . :
character (2) upper—cased, lower—cased, a digit, or the other o 0.9926 0.9910 0.9918
(character itself in this case) : : :
i i igi | 0.9992 0.9960 0.9976
Number (1) check if token contains year, dashed pages, a digit,
or the other T 0.9526 0.9437 0.9481
. check if token contains editor expression such as
Editor (1)

(eds.)
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Fig. 1. Comparison of Micro—F1 Performances of Reference

String Recognition with Different Tag Sets and a Values Using
ACL-ARC Validation Set(X—axis Indicates a Values)
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Fig. 2. Comparison of Macro—F1 Performances of Reference
String Recognition with Different Tag Sets and a Values Using
ACL-ARC Validation Set(X—axis Indicates a Values)
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Table 6. Evaluation of Reference String Recognition on ACL-ARC
Validation Set with AOIT Tag Set (Upper and Lower Figure in

Each Cell Correspond To Micro & Macro Performances,
Respectively)
Method Pre. Rec. F1
@ Proposed method 0.6591 0.8006 0.7230
w/o multi-line author check 0.6828 0.7948 0.7316
@ Proposed method 0.8667 0.9303 0.8974
w/o a threshold 0.8599 0.9184 0.8863
® Proposed method 0.9041 0.9447 0.9239
w/o ‘T’ tag constraint 0.9106 0.9414 0.9248
0.9440 0.9656 0.9547
@ Proposed method 0.9312 | 0.9533 | 0.9414
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Table 7. Performance of Reference String Recognition on
ACL-ARC Test Set with AOIT Tag Set and a=0.8(Upper and
Lower Figure in Each Cell Correspond To Micro & Macro
Performances, Respectively)

Method Precision Recall F1
0.9346 0.9600 0.9471
Proposed method 0.9442 0.9572 0.9498
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Fig. 3. Paper-wise F1 of Proposed Method Applied to ACL-ARC
Test Set with AOIT Tag Set and a=0.8

2. Comparison to Previous Approaches
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Table 8. Comparing Performances of Previous Approaches to
Reference String Recognition Using Macro—averaging Precision,
Recall, F1

Input Method Pre. Rec. F1

Cermine 0.303 | 0.220 | 0.235
ParsCit | 19ures from g w0 1 0 505 | 0.590

PDF File Koérner et
Grobid al.'s 0.847 | 0.839 | 0.837

Article[4]
RefExt 0.879 | 0.906 | 0.885
Reference RefExt—fair 0.9180 | 0.9064 | 0.9089
Lines Proposed method 0.9456 | 0.9427 | 0.9434
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Table 9. Comparing Proposed Method and RefExt Method Using
Micro—averaging Precision, Recall, F1

Method Pre. Rec. F1
RefExt-fair 0.9245 0.9182 0.9213
0.9328 0.9403 0.9365

Proposed method

V. Conclusions
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