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Analysis of Reference Method in Trilingual Dialogue Using
Neural Machine Translation
Takaki MATSUBARA

Abstract

In recent years, with the improvement of the accuracy of machine translation,
the demand for multilingual communication that communicates in the native
language using machine translation has increased. For example, by coronavirus,
video conferencing has become commonplace and geographical barriers have
been removed. This will increase opportunities for communication between
people with different mother tongues, and communication using machine
translation in the mother tongue is required.

In research using existing machine translation, there are many studies between
two languages, we have not considered the context of the dialogue as one-way
translations from one language to another are valued. Therefore, many problems
were found due to the context of conversation. Also, in studies using machine
translation between three languages, unlike bilingual, machine translation may
hinder dialogue between others. Therefore, it is difficult to form a foundation for
mutual understanding. In this way, communication has been analyzed using
conventional phrase-based statistical machine translation, but it is not clear
whether neural machine translation with improved translation accuracy has the
same effect on communication. In particular, neural machine translation is
different from conventional machine translation in that its fluency is significantly
improved. It is thought that this has a different influence on the method of
constructing mutual understanding.

In this study, we compared and analyzed the differences in the construction of
mutual understanding between the conventional method of phrase-based
statistical machine translation (PBMT) and neural machine translation (NMT) for
native speakers of Japanese, English, and Chinese. Specifically, in an experiment
of figure matching by a three-way dialogue using machine translation, the
explanation was reported while changing the explainers. Then, we analyze how
the speakers of PBMT and NMT form reference words and identify figures. In
order to clarify the difference in the method of constructing mutual
understanding, we worked on the following two analyzes in this study.
Efficiency of the identification process

In order to investigate the effect of the difference in translation accuracy
between PBMT and NMT on the smoothness of mutual understanding, it is
necessary to compare the cost of figure identification. This makes it possible to
understand how much the development of NMT has improved the efficiency of
communication using machine translation, and to clarify the advantages and
disadvantages of each identification process.

The process of forming referents
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In order to investigate how the difference in translation accuracy between
PBMT and NMT affects the formation of referents, which is important for the
construction of mutual understanding, it is necessary to investigate and compare
the change in referents according to the number of repetitions of the experiment.
This makes it possible to understand how the development of NMT affects mutual
understanding of communication using machine translation.

In order to conduct these analyses, we conducted a figure matching experiment
using a chat tool (Langrid Chat) with machine translation in a trilingual dialogue
between Japanese, English and Chinese. In the experiment, using a set of
unordered figures distributed to speakers of each language, one explainer
described the figures in their native language, and the other two identified the
figures. After all the figures have been identified, the explainer is changed, and
the process is repeated until all the subjects have been explained twice. Through
the experiment, we will compare how the identification of each figure and the
formation of the referent between the three languages were carried out by PBMT
and NMT.

Specifically, with regard to the first issue of the efficiency of the identification
process, we measure the number of utterances and the length of utterances
required to match a single figure between the two machine translations in each
experiment and investigate how the efficiency of the reference word identification
process changes between PBMT and NMT by producing an average value. As for
the second issue, the formation process of reference words, we divided the process
of changing reference words into the patterns of "same", "shortened(simplify)",
"shortened(narrow)", "long", and "different expression", and investigated the
frequency of occurrence of each pattern in PBMT and NMT.

The results of the experiments and the findings for each task are as follows.
Efficiency of the identification process

The group using NMT identified more figures by the shortest presentation
acceptance process than the group using PBMT. In addition, both machine
translations were examined by dividing the utterance categories respectively, and
it was found that NMT was also more efficient in expressing them with reference
words.
The process of forming referents

The NMT group used fewer different expressions as referents than the PBMT
group and tended to keep using the same expressions. In addition, the
experimental results show that when changing expressions, abstraction is more
frequent and shortening takes place later than in the group using PBMT. This is
because NMT is more fluent than PBMT, and there are more expressions that
have contractions that preserve the overall meaning.
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FElTR 7Y, PBMT TITo 72 EBRTlE, JREOREE DS lTarm) &9 HEE
S 7ZBRIC, BAGEOREEITIE Thil & 1EL <{fsboTWen, FEFEOFEEIC
i TSR EWVIHIERTIEDbo T, L, FERED R 23EESCHEA
FEICRIRR L7261, Tarm) R0 i) EFIRREND. 2072w, PEEEREE O
AN FE KT, BIOSBERNLECRD. 2085 7%, EFIEDT-
DICHEBERR 2 W2 2= — 9 > TlE, F—OBREIA~OIHR )
L<72%.

3F I ALITCAHICETEN  No.3is the man running to the =2E{FEERHERZBMHTHA.

TW3ETY. right with arms spreading out.

WIFBEFE->TWD LS, Like he has wings. TR B AR,
WOBEIZ1I80E T, his arms are 180 degree. AE 22180,

e ? arms? Hag?

WDOFIEW, Yes his hands. EHMEIF,

HOFIE, ZNIF180E /& W His hand is that it's 180 #bAYF 2180 E R FAIG
52 &TY degrees

&L, Yes. o

7% 1 : PBMT (28T DIERFRE (FHUHGEE)
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AL TIE, Z 9 W o I2FIRROIERIFED NMT IZE W THUL T X 2025~
7ol 25, NMT IZHB VW CARSERR TIIIERFRE TIIZR2 WA, BPBIRN AT 5
Niz. DF 0 ARFERICTHE LI, NMT T Z - 72851503 PBNT OIE M &
1T LEWR ROz, 21X NMT OFEBRIZEBWT, FEREOFEEDBREO~
v F T EATH ETRIEOREEZHIL TS & XIT, HAGBEDOGEENZ DN
BZxE U CRERIZ BT T T DGR o o 7=, £ ORRC HARGEOREE 35
TERM, TEoTWAHEIRA?) LW IR ~7=. LML, TANNE
LRI S TV le O EREOREF TG EZIRT, BA] LIRE L. 2% 0,
A CIXHARZEICHRSNAEIS, Wz EWVWHEKRTR-TL A2 L
NHIRE LTIEIEL Wb D &S, L, AAGEICHRRSZBRIC, BHAGED
FREICIE B WO REKRE LTEIRESN s> T LE-T. 2D, H
KREEOFEE T Z OBEMTRO D IREZZ TS Z LRk 572729, Blo
BZ L TRODIEZ /DL EVoTmN b ol LnL, HRED [F5)
ZREREICRTE NEA] L1IRBR0. Z0Z b, ZOHRHEICBWTHE
FE & AARGED O CIIRER O IR R T b oz, DF 0, FlER
BNRRRL CLE-TEbBZB 26D, L, BGEORRE R TAD E, TE
FEDOFEE NI LT A 135GETIE [Nol EEELLfmboTWa., 2O &n
5, NMT ZHWi=8AIc,

PR

2BEEHOBEEHEICHWVLTLAS AT The second picture is also a B KEREtERAEHA
£l person walking to the right
ZDHEIFEAFTT Its head is square CHLETFAE
AMEHLRAFTHERENLTLWES  The body is also composed of SiAthERK AR
rectangles
EoTWBESHA? Someone who seems to be B AERLL?
running?
H5 No g
HWTWLW3 Is walking =EESIT

Lot | —HOANE 5 —HDB  Gotit! one leg looks way bigger /EET! —RHMEEXREF—R

SYBHIEBENICKECRRS than the other one X

A NE RGN AYN People who do not have a large FRAKRIA
stride

lFW, ZNIFETY Yes, it's him EEE S Efh

bhh o7 all right 17

% 2 : NMT TOHIRME
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HOHEEADPDRIOSEEB, C~FIRR LSS, A B ~FERLZBRICIEL
<feb>TH,AND CITHR L7EBRIZITE R RN S A 5w b7,
LML, Z® PBMT & NMT Gt Z » 7= BRIIARFERIZBWT, XOEWIZ X
STROBNDBIRTE EZEZX LN, TND XU, ZIVUIHEBIRE A ORETH
HEBZOLNDT, BEWEERIZS L TOIEPMLEILR D EEZXD.

5.1.2 RAE 7O XD FEME

5.1.1 Tim U7z PBMT & NMT £ E0UCE Z SN, [FIE 7 11 2ADFhR
PEICXT LT, ED LX) B DFEAET DI OWTEEMICEHET 5
M~ v F o FICE L= R

TOK 5 TlE, PBMT BL O NMT CTZENZENT — 2580 KT HT, KF1
DEFIET LD o TRRIOHEB 2R L TS, Z0ENL, NMT Tid1
[ H D7 —ATiX PBMT £V b XEE~ v F o 7T RN ED -7, 2 [
HUED 7 — A TiE, NMT O G BRRIFHE < 72> Tz, 5F Y, NMT Tl
AN IRGEDRE Z1T 2 A 121, PBMT & RBRICSIBER £ < 2RLT
W T2 DI 03 o TW e Ay, 2 [BIH BAREIZIE NMT O 5 A3 S BRNE OFFE
P7etEM AR L CW oo b ez, L, Rs bR Thnds L)
(2, PBMT TiE7 —2 3, NMT Tid 7 — A g (ZHEEEINEINT 2SN A 507,
BTV ITNG, TNETOZHEENOHORBI TITONT=72O, &L
INHUNMTHE

120
100
80
60
40

20

1EE 28 3EB A[RIR 5EH T—16

——PBMT =e=NMT
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5: 12D E~ v F L 72T HOIZE LT SFEREH] (7))

H IR 72 D72 D XAV IR R ME OV TNz,
REOHT Y, BREOZE (BHRE) OEENFHE

PBMT & NMT THEDEWNLEL S, FET 2B ADENEFH~S LT,
FTER-ZHEWIRET oA TRECEZMEICER L, 20OEEEHE M
L.

X6 D7 Z 75 1EH T, PBMT BXO'NMT CREDER - ZH T 1
T A CTHIEZFEE LB o 7-. CHITEEBRELER TE TR
BThHId, RETOTavRCRDIIIEL RS TEGENE N> T2
HTHAH. LL, 2 ANLENRE b7z, PBMT O TliE, 1[EH
N6 2 B HAEATRRS, EORER - o ACREREZEN R LR
7=DIZX LT, NMT Tl 2 mHNOEBLZ 6 BINKREDOER - ZH 7 rE AT
MigzFESE W, 2L T, 6 BIHETW & PBMT Tidk k% 4HITH
S7=DIZx LT, NMT Tid 9 BIOKENREOER « LT o' A CTRE S
TWe. ZHUE—2DIIZX L THWBILASMREEDS, PBMT O 578 NMT X
D22, REDORTR - ZH 7o ATIERESNLSbWNWLD LS. [k
2, BEOHFIC L > TRRMEERD D Z ERHKD.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

X 6 : ZHRED R - S utv A CHFEAFE L2148
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BEREE 0.26 0.30 0.25 0.22 0.20 0.17

SR 0.06 0.10 0.21 0.20 0.18 0.23
=R - B 0.33 0.23 0.08 0.05 0.05 0.03
ar 0.35 0.34 0.45 0.48 0.51 0.56
E#ETRE  0.00 0.00 0.01 0.00 0.02 0.00
Z Dty 0.00 0.03 0.00 0.05 0.04 0.01

3 3 : PBMT IZBITH%FEDO T Y 4548

# 3, &4 XLV PBMT TILEEHIG N Z < TWT, NMT CTiiziEE~ H
l/\“CfFZ@'\?“/?"‘/ﬁ“Zhﬁbi(LTb\f::c‘:75>zbi)>>§>. ZOZEMNB YL, RIEDL)
EIZNMT OF R EmWEEZ 5.

-----
=] 0.

SR 0.04 0.13 0.21 0.25 0.30 0.28
B - #ER 029 0.18 0.13 0.08 0.09 0.07
ar 0.35 0.47 0.53 0.54 0.49 0.56
ERERTRE 0.00 0.02 0.01 0.00 0.02 0.00
Z Dt 0.04 0.04 0.01 0.05 0.03 0.02

#K 4 NMTIZBT DFFEDO AT 2V 55351
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5.2 SREBEOBE TOEX

AIED 3 i Tz X 912, ZHFEOZLIZHOWT 5 DIZFELE. S HIC
INHERTF =21 TEHGENRFREIN T, 7 —2Ah 2 LT 5 2ON8E L
DENI RS> TWDL DO Zft Lz, LERZDORIRTH 5. & 5 Tid PBMT,
F 6 TIENMT (ZOWTORFEOZLTHFE L TWD. £1BILUE 2 Tk
YN b 6 FTTENENBBEOZLA TR L), T simplify) |, 4
fi§ (narrow) |, TRV, NEI KRB 2307 Ex, KHEO~ v F > 7 OREIC
ENT T OREPHW SN OREZLIZFLER L, Al2i3s 7 —LTENLD
DHBLLEHIEEZFTL L TN D.

R5BLOKR6ZH LT L XIHBOLNLOIERIZLULTO LB THD.

O PBMT TIIBMGEDOELATHEME (simplify) 112% < RHND DITH LT,
NMT Ti% [E#E (narrow) | 8% < BT 5N 5.

@ TRV < DEHIEHR] 2HW5Z 2 PBMT Tk < Abn7=0icxt
LT, NMT CixbE v ARonehror-.

PBMT RILC p5h i b E EH KRR
(S|mpI|fy) (narrow)

Gamel

Game?2 4 0210 30.157 2 0.105 20.105 80.421
Game3 7 0.350 60.300 1 0.050 20.100 6 0.300
Gamed 5 0.357 5 0.357 0 0.000 1 0071 3 0.214
Game5 10 0.714 2 0.142 1 0.071 00.000 1.0.071
Game6 110916 1 0.083 0 0.000 0 0.000 0 0.000

% 5 : PBMT (BT 5SRO ZA LD 4354
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NMT R L e bk Ru ESRR
(simplify) (narrow)
/ / / / /

Gamel

Game?2 4 0.266 2 0.133 3 0.200 1 0.066 5 0.333
Game3 5 0.357 10.071 4 0.285 1 0.071 3 0.214
Game4d 6 0.600 1 0.100 2 0.200 0 0.000 1 0.100
Gameb 8 0.727 2 0.181 0 0.000 0 0.000 1 0.090
Gameb 10 0.833 2 0.166 0 0.000 0 0.000 0 0.000
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FOoEEE

ARERICBNT, 3 5B oxf7EaI o=/ —2a TlL PBMT # 4
WA E NMT # W24 L T, L‘lf:'i’f’f?b biUL, REREVRAZIT S
NI=r—ANH-o7-. NMT W84, PBMT & bl L 72 B BRI
uTwiéﬁéwﬁibé&wﬁmm%wt.

1. FHEROIEXIFED S, PBMT & [FAIERIZ, 3 & TH@OH ARG S

IRWNGEDN S D
2. MHRXIEZ B IGE CRIE L7ZBIC T, ZLARRICIE X 0 S X O R
RIERERE D LT D,

BIZ 1 I LT, BIRIZAARGEOFEE MO 2 NO2—FIZKEORHE %
B2 TZBIZ, BAREOEEIIHIMEZ T2 Meb o T0nH EE LTS G
DD, EBRITFEFFBOEE b > TWBE R, TEFEOEE I > TR
WEWD ZEND LT, EEDGEET 25 A PBMT & [FIERIZ, NMT TH A
i, Ziud, FlRREEZE LRI, BARGEOREE D E L {zb>TW\5
MEEIET D Z ENHKR W EDE I AMEE B LA bND. Ko T, Moo
FECHARBEORENRE LI L%, HAEOFENEL{mboTWAHZ
EERERETOITFEREHETARNETHDLEEZD. DFD, ZOFITIE, ik
NRCETCHROIERFMEN S, AARGE-FEFE— HAGEONRZ T CTH & 2 R
LESELTHBARTSTHSD. Lo T, THARFE P EFE-HFE-AARE & [H

FEPGE-PERESHARGE] EWV o XD IICHERE L % 2 FILIE
AAGELUSN DO SFEICE 2 THE AARGEISEEE, FRROIERHIEEZ B EET &
BXFENAL—RIZRENDD TRV N EEZD. DF 0, ARFEOTFEIC L
S TP ERE—HFEOL VY 20T 22 LT, FEBEHEOLVIND &
IHTE, FRRERICHENEEINE L XCHORBTE VR D Z LN TE
HEEZT.

ﬁ%z’%bfi1&MT@$?N~x@ﬁﬁ%ﬁ5@mﬁtxgNMT?M
L0 RIS T=FRN 2 &D. 2O Z &S, NMT O 573 PBMT LV iiH
LD RxEEMTONTWe., LasL, ®EEICR W T, Fl 2 IXRERER L TaEE T
% BRI I3 G (simplify) 232 < AL 5. fiile LT TIRETZ 2T THITRA LT %

B DX I RTENRHSTZERIT, Ehidb 9 —ERELT 5 & &2 MR L T
WB B Lo miz, DR =2 lEEEZ AW Trx L 5 &7 2 Mk

19



(simplify) N E <AL D, ZOZENOARIFREZZZ DL, ML L THEMIZ
PBMT O 575 NMT L Y #1518 & S HiEE TR T D BRITIE, 2 (simplify) &
FAL TS —22#EDTEY, LV LESFEICEWVHRENEZ ~72. LL, Al
BEORE RIS NMT O 038R B < aEns D biviz. O F U BEMEIER 2 v /-
REEIZBWT, B SEEZHAWEGE S ITR T2 EBR O FIERKR S -
EEZLND. T, REBRTI SEEHW=12O, BEERZ HW =551
X3 A2 —¥RE@mOSBEEEZ LG LI V. L7z ->TNMT TidEhnEh

DOFEE DRTEE O TS HEED O RFBI R E &2 5% © & 3 5 fifE (narrow) %
MAWTEVFEWRR TR LD V), 2—FORKMNZR T RN LY Z1Tb
nic. BlzE, TEIZESTWEE] Lholc b &, 3UTEMY IKTHEIC
[fElf & ] & LT, Bf¥Aa#E 2 744 (narrow) TEEEKZIT-> Tz, Fhic
% LC, PBMT TIIFIFRIEE DRI )ND 3 S COAERMRNEL L, —EH
W BT RGE L [R]) URBISOSR 72 B IR % 7% 3504 (simplify) 23ME i, £
ET NMT L0 ZL OFHMELZHTZ L THIFREEDRS Zflio7=E XD
5. D%V, NMT TIFZMREEOIA O L 7> 5 %5 (narrow) 25, PBMT Tl
TG E ORS00 5 4EHE (simplify) N K W Z< ez B2 bbb, £D7-
¥ NMT Tl PBMT & beifs U CHffE (narrow) 732 < O B 7248, 2R E < xt
FEDHEA TS L THTE S,

ASRIOFEFN OO~ v T 7 %475 12BRIZIE NMT O 5575 PBMT X U %)
FRELSHFENEAL TS TE VR D, L L NMT TIREAE WS Lve S
TR0 T2, NMTISEZ Y 9 2Rk 72 EORBEN R AT T8
B o120, BENELBNERDIEENMT Thaa =7 —v 3 VO
fEbBEZDBND. LoT, NMT OFFEEZ S HICED HITIE, 29 LKA
OREZEIH L TS BN H D 252 5.
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F7E BbHYIC

WHEROBER LAY, #ERPIRZAVTBESEICEYIZI2257—2
AVETOIZEZBIAZIA - —LaVDFEEMERL TS, £ TRERT
I%, PBMT & NMT Ok o, FlREEZHnWcalia=r—va VBT 5 H
M7AR EER A2 BB 5 LT NMT OfF AMESCHRL SN THRNnZ &g
WCHE L. 20 BT, BIEREEZ V726 5h I AR 21T 5 Btz
AVOFIFREIZEE T 2 XEDRMETH DL Z EnbhoTz. L7eni-> T, AWFFE Tk
3 SEMTOMBRII 2= —2 3 VETHIBITIZED X 9 A3 w9,
& 5T PBMT 7»5 NMT (228 b s®72 & 24, FRREEOM L 3 SEH =
Ra2=r—2a AL TENTLE T OREL 5250, &H5H0IE PBMT & [FEk
DFEMBFOND DD, FARDHIEFREZSZIHGEEITER L TEM L.
FES ot 2 DEh=RME

ZHEEEZHWT, MIEO~ v F o 7 %247 9 BRIZiE, NMT & PBMT (ZIFFIRR O

IEXFFRIE & Z U WREN RZ T bz, o T, 3 SEf COXFEE1T 9

BRI, ZORBEEIST 7 —F B0 ETHDL EE XL, TIUTE > TH

m7mtx@ﬂ¢kﬁﬂ%ﬁ%é.

REBEDOK T v &

NMTTi%% AT D LT, TNETHO LN TE =S REEORE 72

KB LT, ZTOWEHREIRT HIEN PBMT IZHATE L AT b,

Zhns, NMT TIEREEOWMS & 5 SR E L7720, K OREES Lan

WLEEZ2D. ZOZENLBMEEOER T aE A5, PBMT IZ T

NMT 2XEEICBWTHEHATH L EBZ HLD.

AR T, NMT % HAW=54 Tk PBMT &R T, 2HGEDRE Y 1
T RIRERN L L, BRGEOEE 7 0t 2138 0 B R a2 D Hika B
ST Enn, XY ARG > TnD. LL, BERERE VD 7 o
NEEHRATHDE E, REBRTIIAZ T bR ho BB HFEL TS Z
EHBEZOND. FLARFERTHATEMEICH L TY, FIRFREEOM LTI
L, o7 e —FEEZT. Lo T, MEERE W a o= —
3 TRV, MR EERZ X D201, ZUCH - T BN M BT/ - TL
L. T, ABFETIE 1% 1 OMSE LEZFRREAT 5 O Tlde<, 3 SREM O
WEERZ HWea o= —32a U275 BRITIE, 1515 1 Oftth 2 SEEOFIRR
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Z B LIZRIRRSAR DS 2 L 5 2T,
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T EE
KR AEAT OS2V, Bul/e TR, ZE2BY F Lok B EEEds
CEHH L EFET. £, THAOVWEZEWZ#EERE O Mondheera
Pituxcoosuvarn B, PR —ERS A, MiES A, HE D BIEEIZ > T D1
EHRERFSR SR DRFRE IO & 0 G L B

23



5 Xk

[1] WWFESE , AHEF , FHET IR 2 W75 128100 2 BVvEnic
BH 5 08T, THEHLBL P mGEE, Vol. 41, No6, June (2000)

[2] IITFEZE , EEH?'*&W%ﬂaﬁ%ﬂ%b\f:iﬁﬁ:k‘ﬁé%ﬁ'ﬁﬁ?ﬂ:%@?é%ﬁ,
TP 256 CEE, Vol 48, No2, Feb (2007)

[3] FBEEFLF, !JJT % FAHET , B BB 2 ) 23 E R =
R o= —va VOB, EEWEE SR GE, 2009/6,
Vol. Jo2-D , Nob6

[4] FEHE , Frng= , HERIT  SCEROEHREE W= 2 — 7 L
R ORI T e, SRBLEL S FasllFER R FEam iR (2019543 1)

[5] mIHER , KEKE , BHIT , BEHEIINEFRT ﬁ:a~?il/1%%ﬁiﬁﬁﬁ (e
BIFOXEN Yy ZIEFHROFH, ST S FasblER RS R
% (2019%E3H)

24



