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A Study on Japanese Factuality Analysis*

Kazuya Narita

Abstract

Event factuality is information pertaining to whether events mentioned in the
natural language correspond to either actual events that have occurred in the real
world or events that are of uncertain interpretation. In factuality analysis, suffi-
cient performance is yet to be achieved because of the complexity of issues such
as functional expression and linguistic scope. This paper discusses the issues
involved in factuality analysis by analyzing errors when applying a rule-based
system to 3,734 events in 1,533 sentences. We annotate functional expression
labels for all events. In the main events, the factuality analyzer, consisting of
simple functional expression rules, achieves approximately 90% accuracy if cor-
rect functional expression labels are provided. In subordinate events, we found
many errors specific to subordinate events, such as errors caused by predicates
and linguistic scopes. We provide guidelines for factuality analysis through addi-
tional discussion regarding predicates and linguistic scope. For improvement of
factuality analysis, we designed linguistic scope analysis, which is one of the is-
sues involved in factuality analysis. We constructed the corpus for scope analysis
and achieved approximately 80% accuracy by scope analyzer based on machine

learning.

Keywords:

event factuality, modality, functional expressions, linguistic scope

*Doctor’s Thesis, System Information Sciences, Graduate School of Information Sciences,
Tohoku University, January 20, 2016.
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oo 100.0 (1/1) | 100.0 (1/1) | 100.0
oo 0.00 (0/0) | 0.00 (0/ 1) 0.00
000 0.00 (0/0) | 0.00 (0/ 1) 0.00
oo 100.0 (1/1) | 100.0 (1/1) | 100.0
000000 [ 8182 (1,148/1,403) | 81.82  (1,148/1,403) | 81.82
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024000003
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goood 2
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{p',p} 00 bigram oo_.gog
(bf",bf} 00O bigram 00000
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00 goo Fy
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Algorithm 1 0000000000 OOOOO
1:Input: 0000000 0O0OOODODOOO0OO0OOOOOOOOOOOOOODODOOOOOOOO
ooooooooooooooog
Output: 100000
INITIALIZE C + CT,P «+ +
forall 0000000000000 0O0DODOOOOOOO0O do
if 00000000000 1000000000000000 then
if P =+ then
P+ —
else if P = — then
P+ +
end if
end if
if000000000002000000000000000 then
if C' = CT then
C < PR
end if
end if
if 00000000000 3000000000000000 then
C+—UP<+u
19: end if
20: end for
21: return C,P

e e e e e

000000000000 (00)000000000000OOO0O00OOOO
gbogoboogbbbooobbuoobboobboooboobbooon
gbobodgboobbuoobboobbooobboobbuoooboboan
000000000000 00000000000000000000000
gbogoboboboboboboobooboobooboobooboobonon
obobboobooboobooboobooboobobbo3gboobon

1. 00000000000 (00 Y0000 Y0000 Y000 Yooo
Y000 YOO Y000 )00 YW00)oooooooooooooo+
0000 -00-0000400000

0000000000000 0000000000000000000000000000
ooocr+ooooooooooooogooooboooooboooo
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000000000000000000000000000300000000
0MO00MO000000000000(00X00-000)00)00
000000000 Algerithm 100 COPOOOOOOOOOOOOOODOO
000000000000000000000000000000000000
000COCTOPO+000000 (line3)0000000000000000
00000000000000000000000 (line4-2000000000
(00)000000000000001-300000000000000COP
000000000000000(00-000)00000000000000
200000000CO0PROOOOOPOONOOOO (line12-16)000000
000 (00)00000000000000100000000CO000000
PO -00000 (line511)000000C=PROP=-000000000
000000000 PR-00000 (line2))000000000000000
00000000000000000MO000000000(00)00)0
0000000000 20000000 (line 12-16)000000000000
0000000 PR+0000000000O0O00000000000000O0
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D0000000000000000000000000000000000
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0000000000000000 Zunda[46° 000000000000000
00000000000 Zmda0000000000000000000000
00000000000000000000000000000000000 2
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0000 (16)000000000000000000000000000000
0051000000000000000000000000000000000
000000000000000000000000000 /¢00)00 /(
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00000000000000000000000000000000000 [9]
000000000000000 Factorial CRF [47)0 00000000 Zunda
0 LIBLINEAR [4|'00000000000000000000000000
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00000000000 2000000000000000000000000
00 (16)00000000000000000000000000000000
DO0O0O0OLIBLINEAROOOOOOOOOOO0L20000000000000
0000000000 weight 0 000000000000000000000
O epsilon= 0.1, cost= 1, bias= —100 000 100 00000000000000
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000000000000000000000000000000000000
00000000000000000000000000000000000

9https://code.google.com/p/zunda/
Ohttp://www.csie.ntu.edu.tw/~cjlin/liblinear/ 0 1.80 00000
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U 13:0buooobobouagobbob
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000000 | g 88.0 435 23.1 84.9 87.4 84.3 65.4
(711/808) | (40/92) | (3/13) | (101/119) | (438/501) || (1,293/1,533)

F 89.0 16.8 30.0 82.1 85.0 84.3 66.6

. 79.6 63.3 - 76.5 90.0 81.9 61.9
(770/967) | (19/30) | (0/0) | (88/115) | (379/421) || (1,256/1,533)

0ooo .. 95.3 20.7 0.0 73.9 75.6 81.9 53.1
(770/808) | (19/92) | (0/13) | (88/119) | (379/501) || (1,256/1,533)

I 86.8 31.1 - 75.2 82.2 81.9 55.1

U 4: 0boggobbobduooobbbooodn

ooo 0ooo

CT PR U ooo + — u 0oo

0ooo | ooo 927 105 501 0o 900 132 501 0o

. 91.3 51.2 82.6 75.0 91.9 83.6 82.6 86.1
S (837/917) | (44/86) | (438/530) (799/869) | (112/134) | (438/530)

too | ooo 90.3 41.9 87.4 73.2 88.8 84.9 87.4 87.0
(837/927) | (44/105) | (438/501) (799/900) | (112/132) | (438/501)

I 90.8 16.1 85.0 73.9 90.3 84.2 85.0 86.5

0o 82.5 63.3 90.0 78.6 85.6 81.7 90.0 85.8
(893/1,082) | (19/30) | (379/421) (853/997) | (94/115) | (379/421)

0000 | L4g 96.3 18.1 75.6 63.4 94.8 71.2 75.6 80.5
(893/927) | (19/105) | (379/501) (853/900) | (94/132) | (379/501)

I 8.9 28.1 82.2 66.4 89.9 76.1 82.2 82.8

gboobuoogobbobuogoobobuoooubb hggbo
goooobbbooooouoobo4bbbooboooooobobboon
gooooubbbbbiodoogoobbbbbbbbdooooaoooob
goodooguoobobobioooouobuobobobbbiboooaoobob
goooobdbooobboodgb 129300 000b0b00b000oon
90.5%01,387/15330 0 0 0 0000000000000 0O0O

(17) a. 0000000000000 (0000 NO00s,00400
0000000000000CT+0000Uud

41



U 15 00b0b00bobogbbooboboboogbboobuooobboon
gbooooodgon

goao
oooooobooooooDo 28 (14.0%
obooooooooon 26 (
000000000 ooooo | 40 (20.0%
oooooobooooooDo 70 (

oooooao
good

oboooooooo

obooooobooooooo 14

(
goooooo 18 (9.0%
ooo
ooooooo 4 (2.0%
uooobooogobooon 40
oo 240

b. 0000 (000 NWOO0s500050050000
0000000000000CT+0000CT-0

c. 00000000D0OOODODO (OO WNWYOOOOOOOOOpgO
0000000000000 CT+000040PR+0O

(17)0000000000000000000000000000000000
0000000000000000000000000000000000000
(00)0(000)000000000000000000000000000
00000000000000000000(172)000000000M 0000
0000 (00YW00)000000000000000(00)Y000000
000000000000000000000(17a)0(00)000000 30
0000000000000000000000000000000000(0
0)0O0O000000000080000000000000000030000
000000000000000000000020000000000000
000000000004000000000000000000300000
000000000020000000000000000000000000
000000000000003000000000000000000 (17b)0
(17¢)0000(17H)00000000000000000000(00 )00 )
00 )0O0)000000000000 CT+00000000CT-00000

42



000000000 100000000 (0o)yo (DO )obooooOOoOooOOO
0000030000000000000000000ODO0D0DODOOODO({
O00)0(00)ooooOoOoOoOoOoooOoODOOODOOODO1000000000d
gobobboouooooonobbobobbooooglrsssbnouoooaon
gbobogoboodgbobooobbuooobbuooboobuoobbooon
gbobogbogobboobboobbooobbooobboooboon
0000000000000 0000000000000000O000(17¢)00
0000000000000 oOoO00 PR+AOOOOOOOOOOOOOO (OO
yoooooooooooooooooooooooooooooooooooo
ggbbobuoooobbbooooooboooobbbooooboo

(18) a. 000 ODO0OD0O0O(OO00)Y)OOOOO000004,0
000000000000: UudO00: PR+O

b. 00000¢000)YOOOO00004,0
000000000000: Uud000: CT+0

()0 0000000000000 0DO0DU00O0ODO00D0DUOODOOOOOd
0000000000000000(00)0000000000000000d
0000000 Uu0000D0D0D00000000(18a)000000000on
00000000000 00000000 PRAOOOOOOO>ASH)ODDOOOO
OO000O0000O00ObObO00obO0ooobOoOobOoobOoooooCcT+00D0O
000000000000000000000000(00 )0000000d
oooboboooboboooboboooboboboboboobobon
gbobuoooobbbuoooobbobuoooon

(19) 0000000 (00000))000
000000000000: CT+000: PR+O

(190 000000000000 00000O00000ODO0O00DO0OOOOO
gbobobboodbuobobuooobbuooobboobooobbooob
gbbbuooobobboooobbbuoooobbbuooobon

43



goboobboobbooobbuoobobooobbooboboooboon
gbboooogbbobooabbon

(200 000000 (00 ))m
0000000000000CT+0000Uub

000 (200000000000000000000000OO0O0OOOOO0O0
gbooobobogobbooobbuooobbooobooobbobbooon
gboodbodgboooboobbobboobuoobooboobbobbab
gbbogboboodboboodbuoboooobbuoooboobbooon
gboboodgbboobboobbooobobboobboboogbbodob
goobobboooobbbboboboooddooooooooobobboobbDb
gboboboooobbobuoooobbboooobbobooobboboooon
gboboobobobobooboboboboboobobobbobo
gbbogobbubobdbuooobbuooobbooobbuoobbooan
gbobogoboobbbooobbuooobbuooobbooboobooon
gbobodgbogogbboooboobboobobooobbuoobobooon
goooo
goboooboboobooboobooboouobooboobooboobbo
000000000000000000000000000000000090%0
gbbobuoooobbbuooobbosggbbboooobbbuoooon
gbobogboboobbooobbuoobboooboboobbobbooon
gbobogoboodgbooobbugobbooobobooboboobobon
O000009% 0 000000000000000000000000O0OO0O
gbboodbbooobboobbuoobobooobbooobboobbab
000[320000000000000000OOOO0O
gbobogobooobbuoobbuooobobbooobooobboon
gooooobooobobobbotouoodduouuuuuuouoouooaan
gobogobooobbooobbuoooooobbooobbooobobon
gbbbooodgbobbboodbbbuoooobbbooobbboooab

44



U le: 0Dhoooooboboooobon

CT+ PR+ PR— CT- Uu IEEEEENEEEEE
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