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AT TIE, DOHEGE W2 D HILH IV
HRETIHMHBAIRER R ¥ F < — 2 TdH % ToMATO %
E T 5. ToMATO X LLM [F+ DIEH D IER Rk
DHBIEEIT X o THEMEINS. ToOMATO X5,
BN, B, B, Mo s B OORIRER O E
N5 DWT DGR DR % cLiE Gl © =
5. XBIMEEEASTE L, BGAYIDZAE R
%ﬁ«@ﬁ@@%ﬁﬁf%éﬁfim%w REIIT

. FEBC K o T, FRCEMEROHEMIC BV TR
QHLMT%%W#AWk%épZ%%m?.

1 IXLCHIC

DO (Theory of Mind; ToM) (&t DE&
B, Y, BE, W oA RE R DRYIR
RBEHET ZRETH 5 [1,2]. BIHOLO MR
Pl 2720122 DRV F o= PREINTE
7z [3-6] 73, FHfliT & 2.DAREEOREEDR 541 2
R DB THRICHDORE L TEHEL TV [7].

AT, DoMEmZE AHEND» DO EIGH
WIEWEE CTRIHMERIRE R R Y F =27 TH 3
ToMATO (Theory-of-Mind dATaset generated via inner
speech prOmpting) Z1EE T 2. 7, ToMATO &

G, B, Y, B, MEo s HEO 1K (A
thmks/wﬂl/wants/feels/knows X) & 2 2K (B thinks that A
thinks/will/wants/feels/knows Y) O[> IR BE D FH fig %
AFERNCEliT X 5. kiZ, 5 EHAEOLORIRREICD
W DREEZDFEE (e.g., B thinks that A feels relieved,
while A feels frustrated.) % #HT % 5. X 1 1IZ&RE
WOWTOREZDRZRT. E5I1T, ToMATO i
FEMHHRTHROND K 5 REGAY D SRR
WP B EEMEZ G C X 5. ToMATO & BEfF~R >
F~— 7 OFFMR IR 2K 2 IR T

D F =X+ v b ¥ a— F X https://github.com/
nttmdlab-nlp/ToMATO CTRBAS 5.
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2 ToMATO

ToMATO 1ZX 1 D X 5122 D5D LLM 23 HIZE
ELFERERT AN L o THEET 3 (B :
% A). $8%3 % Inner Speech 71 > 7 b (§2.3) I
koT, SEAEOD 1 XREE 2 RDOLIIKER LLM
CEbER R, 72, AEVLVOREBRRZ R WIER
DIEFED B 2 015G (§2.4) 12X o T, MERD
AEREES. LLM I Bigs MR MEE2 52 Tr—1
TLAEED (§22) FHT, ZREBEMFREADH
% S rI sE I 3 5. EIHME  BEME O M
%, Llama-3-70B-Instruct [8] Z I\ 3.

21 5

M O EFEN 2 & R L TS BE R MRS & 2
7 LTERET 5. MG c, Ei 0, HHDER
o= {0}, A1 L, [EfEDFENEZ 04 €0
835, malap IZBGAY A Y BREL 5 LLM
95, XEE Cry EFFHED RS {uf,uf, ...,ug,uf,}
oD, ur FADIBFHDOFET L T 5. DLHTIR
ROERE T e {52 B, Y, IS, %} v 3
22, AP ul BFRE LERD TIZOWTD n XD
lbmﬁ%%nﬁn0r12)2?5

22 JZATFL7AOYTH

A 8 g CHGERABY AT ATR YT pa  pE
ZERES 5. SOTOPIA [9] 1%, #ifS%R ¥ 8O5Dh T
TUDPLREIZNEEDSF VA NVMDOREED T —
Xty FEEMHLTNVS. £3 SOTOPIA 225 160
DOWFEDOSF VAR AT I T ITHEICHE S
3. RIZESF VY FIZONT5R7DODANYOEESR
SOTOPIA 7 &3 5. BB GAYITIE Bigs g
FlE (10 BERENTWVWS. LLMIZa—L 7L A4

2) 205 FEAIOLOHE TR Z 2 0IIKED 78 2] 25
FEIRL 7. Z2oMORHE L EFOHEE I, RLFE—KIL
T SR EE DI CTARZE TIENSRA & L.
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two business partners reviewing
() Big Five Personality: O=high, C=high,

A Name: Giselle Rousseau (they/them) Scenario: Conversation between
@ Goal: Convince the partner to cut costs. E " i awi

their financial status
E=high, A=high, N=low

— can’t sacrifice quality. But what if
{ — we could find suppliers that offer

(I feel a bit frustrated that
Micah is not on board with my
idea, but | also understanad-his
concerns...)

“I completely agree with you. We]

similar quality at a lower cost?...”)

Character A
{ That sounds promising, I'd love

to hear more about the suppliers.
But let’s also make sure we’re
not just looking at the cost ..

=A’s Emotion

= coO
é
CharacierB

:

() Big Five Personality: O=high, C=low,
E=high, A=low, N=low

» 1)
A Name: Micah Stevens (he/him)
@ Goal: Maintain the product quality. Jj+ D = System Prompt

©=Thought
D= Utterance

(I think that they feels
relieved that | understand

If both GPT and Human judge

- reheved

|s False Belief

they’re getting hopeful ...)

=B’s Belief about
A’s Emotion

A

Only visible to A Visible to both A and B

(a) Conversation with Information Asymmetry

BE1 (a2 20 LLMIZ X 21ERDIENFMED H 2 153G LLM 135 2 & 44,
—HHMHFICFET RIS, Inner Speech 71 > 7 b (i : Ifeel, I think that they feels) {2 & - T LLM IZ 1 KE7%=1%
2RODIREEEE L LTERELT 2 L5 1ET. 558
SETCHEEEITD 28T, BERDEREMRT. O)REIEHHT I

2175,

T5. ALOEREZEL \VORBRBMHITR Z Ve

)

fexhz 8

v

. about A’s Emotion
Only visible to B

(b) False Belief Detection

HEY, MERREIcitoTr—L 7L A

1Z1X, ToMATO TOERICI T 2EE Y LTHEHA

12, GPT-4omini & NiI2S, & &% — > TEGAY B &GN A ODIREZIEL {HEELTWE Y S0 2HkiT 5.

¥ ZIRFIZ Naive Prompt [11] Z#E5K LT Bigs @ 5O
DT (B, M, S, i, R
i) 1O Ty I RERT 5. U EOHER
WKHIA TN O4HET, MEOHNZD LI R T
r7ar 7 ewEts s, M1 ChlERY

2.3 Inner Speech 7OV 7 k

TERBUAIA T RE 2 DAIRRE % S 3E(L L CEURITTRE
\2F % 728, Inner Speech (IS) 71 > 7 + R T
%, FIRT 5 EAICOWT 1R 2 RODATIR
BESHELSES. 1S Fuy Tk pl 3 pl T
W oHEEHEF 2 FEE L, %@%%%uMﬁim?
52 TN (BE) “HFE D7+ —~< v Mt
STeERET. Zhck-oTBREODAEE DMLY
BT 22N TE, §24 THRRZEEIZOWTIHH
DIEFMED B 2 X5E21TS Z L 2AJREIC R 5.

2.4 TEERDIEAFRED B B ¥I5E

BR—TBWT, & LLM I35 u;
mI ZLURD XS ICKEICART 5.

AT
uAm !

LIDHJIRRE

T,
~ ma(u,m|pgy, Cri-1, pyd).

B BT,

l/l m NﬂB(u’mlpSchll 1, ,’PI )

where Cjp.;-1 = {uf‘,ul ,...,u;“_l,ui_l}.
IhE N Z—4TW0, 2N OFGE & DIIRER S 5.
ZOMEEZODIIREBOEER T, £ F VA - B
ANYDRFIZOWTITH. TR — L EDOXFEIXIT
BRERPHEZ 12720 NIZ TICREL .
ANHEFREOXEED & 5122250 LLM IZIFH WD
BELHW, MEREEZRET Z 2T, HHROIENFR
KD 235G TR o7, THUCE D REZDAER
PREDZ e ® §4 BX OB TRY.
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1 DAVIKEEDHET Z ¥ O Inner Speech 711 > 7k
DHTIRAEER Inner Speech 7'11 > 7 b
T Pis Pis
S& | (think (I think that he/she/they thinks
=X (Iwill (I think that he/she/they will
JiEE (I'want (I think that he/she/they wants
&IF (Ifeel (I think that he/she/they feels
% (Iknow (I think that he/she/they knows

2.5 BREARFI—IDIEE

AR L 7o 505G & DAIREBIX {C,0,0,04) 22572
3L BEFREMINE 7 — Ry MICE#RT 5. X
A CIE 824 D LIM ALTORGEICE > THLNS.
B 0 X BHE u; BHE LEBGAYO.OHIREE
T, IZOWTHSEMT, 771 — M TERIN
B, 04 WEFEE u; WIS 2 EE mT" *3%. Guo
5[4 ICERZET, HE RO D5 bR IERODIE
RIBLE {mi}N, \ {04} 225 5 Y R L2 3 DFEIRT 5.
ZHUT &Y, BERINIER X T RIEfROFEIR
BHLAHBE 2 & A3\ [14] 25, ToMATO 133
DOHEE Y IEFOMOBHMHBE Z iR S £ w2 &
% §4 Ty
2.6 FRIEZDERA

MEZDY 7L v + TOMATO-FB Z1EK S % 7=
12, AD1RODEHRE mMT 2, B D 2 RODHR
REmPT Z N LLMIC k> THEET 2. 2% D,
3AND7 /T —&¥ GPT-40 mini Z T, B A1
L ADDHPREEZHEE TE TV ELELZHIET
5. @YD 7 7 7 —X ¥ GPT-40 mini 75, B D3
TN A DLEPKEEZ R LT 5 X HIE U 72,
mP" Z[AE L 5 % B % ToMATO-FB 1ZEH17 5.
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g2 LOMRRYF~v—7DLER. ToMi[3], BigToM [12], FauxPas-EAI [5], FANToM [4], OpenToM [6], ToMBench [13].

B: 82, I EX, D: Y, E: /G, K Ak, FB: #UEZ,

w: SR OIRFE (B : DR DLE).

B AT AT RE 2D IR R AR AT aAVFTFAMD
NyFw—2r | 11X | 22X | FB DFEFRL | a7 A b L E YRS
ToMi B B W,B B VAN AV
BigToM B w B 7> 7L —hk +LLM
FauxPas-EAI B - B DEED T R b
FANToM B B B - PAE 1->® LLM
OpenToM B,E B - 3 B 120 LLM
ToMBench | B,LD,E.K B B B AF
ToMATO | BIDEK | BIDEK | BIDEK | 15 | xtah | LLM [A DXtk

2.7 HEOEE & #ist

BIE MR LERVF—ZOHERZMIET 5
Kim & [4] €W, $faEo—8 M v EME %2 K556
WOWT3ADT7 /T —2PHET 5. @I
DR DH 5 e HE XN NNEE (5.8%) 1& TOMATO 2
BERAL L7z, RIT Zadeh & [15] 1CHEWV, FEL-IE
RIS IE R D BRI DS, EFRICIEM/ A IEET D % D
EhrzHET L. MEOZY M2 B ICHR T 57
DIZ, 3ANDT7 7 T —2D 55 E GPT-40 mini
DWW X o TZY e HIEXNIZE DA% Bl
BN FR—TICED D, MERREESEXE D K
TN EDIFAR . GPT-40 mini 12 X 3 FfEHERIC
XoTHGEEL, (I8 BICHEREZRT. XHITHEEL
T VAR D & R F 53— EB D H ) HiEE & FRat i (2
NICHHRE S 2 2 & 218k B TR 9.

5t ToMATO 13 5.4k DER & 753 DNEE% &
ir. ToMATO-FB % 806 DE % &tr. XfiE DT
FREEUT 16, FEHEOFIIHEERIL 416 TH 5.

3 &

ToMATO % W TEEED LLM D0 D F i % 2
35, ERICKoT, BEIFENE (R2) TIEHL
WCTERDP -/, 5 HEO.LIKE, ZAs5ico0n
TOMRER, Z L THESREEANOHEEBMEICEET 2
LLM ODOBEERHICE T 2558 2O 2212T 5.

3.1 REREQTE

AN — X 5 4 > Llama-3-Instruct (8B/70B) [8],
Gemma-2-IT (9B) [16], GPT-4o0 mini [17] & Fi\ T,
SEOFHEOFERBELZRET 5. @ — 4L LLM
i 4bit B EEITS. Bl R—-—XF7 4 LT,
AN HBOHFEL D Z ORI L ESR, §E
BOEME (LO) ZHVS. EREOKIZ4 D070
TURINR—=RAT4 N 25%TH 5.

— 950 —

AAR=XFA1 Y MTuk ZHWTABORBE %
FHEI L 7=, Masters ZERESINT=7 /) T —&XIT XD
FY 7y MT32, AT 480 OEMTEHHIL 7-.

3.2 EERER

LLM EARBLARNILDOLDERZIFH->-TVWEIH?
£3IWCLLM & A{IR—2 74 VORBEERT. Z
DFER D 5, GPT-40 mini D X 5 RHEH D LLM T
HoTHANBR—ZAT A4 I2H 2 HHEE -7, FF
fiil 72 LLM OHTlX, Llama3 70B 25#% b MEEEDT
Mmolz. L L, ToMATO & Llama3 70B % FH\ T
R L7280, Zhefio LLM # g $ 2 Didf
NFETHD., TNERYF~v—2% LLM TERT
5ZrD1ODREIFZPEEZSD. /NEWVWLLM OH
TlX, Gemma2 9B 7% GPT-40 mini & [FIZED&EWHRE
B LTz, ZORRICED, NI X—ZE» Vi
WETILTH, ¥HT—XBLXEFEFHRIIGL T
DOMEROMRENRET 5 Z R .

LLM OO DERDEREIXOHNIRESCICEL D
Hh? RIWRT LI, LIMIZE > THEDM
RIS A S T, HFR OB LR EETH -
7o BEIRZENZ 2, B LD HHEEOHEMBITB WY
TLLM OFENR—BELTEL, ZHEABOT#
r—EHLTW3[18,19]. £72, WFHROLAIREEIZ
BWTHRER (FB) OHfEN LLM IZ & - TR
Thotz. TR AEOLOHE L FREDIE T H
% [20]. BLEDOFERIX, ToMATO 12 X % aiERY 75T
flilc k> THIDTHASINZHDTH 3.

LLM /DD BRI Z 1R B ERIFEIC K U THEfE
h? K412 Bigs EEEOER T O EEKIZE T
% 1 ROLOMERDMEREZ RS, HlZ1X, TOMATO
2RSS E WA (O=high) &KW A (O=low) D
DIKEEZ S EicEIL, &3 7y b TOF
REEZMEST 2. ZOBE»S, 1| XOLOMHH
DOMERER, BSOS R I U -CHEf@E T
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+ 3 ToMATO IZBIF 3 LOHERmDHEEE (%). B: &, L
B, D: FHEE, E: BIE, K: F3#%, FB: 32(5/&, LO: sB D EE
Nz} Llama3 Gemma2 GPT
RRe LO | 8B 70B 9B 4o mini | A

1R | 40.8 | 53.1 815 79.2 76.3 87.5

B 22X |380 (376 68.1 68.5 65.2 87.5
FB | 37.1 | 347 60.1 61.2 60.2 84.4
12X |350] 564 850 80.6 80.1 96.9

I 2K |355]419 712 65.8 64.9 93.8
FB | 328 | 29.8 57.4 48.2 474 78.1

1R | 320|601 86.1 86.3 81.9 93.8
D 22X |379|434 756 75.2 75.7 84.4
FB | 392 | 349 672 72.2 71.8 78.1

12X | 356|569 804  79.0 772 | 9338
E 2 [285|445 740 766 719 | 812

FB | 29.1 | 365 71.0 71.7 72.0 71.9
1R | 423|472 735 74.7 73.3 96.9
K 22X |402 |369 66.6 70.3 69.6 87.5
FB | 463 | 27.8 58.0 59.3 58.6 93.8

ALL |36.8 475 760 754 735 | 873

b, 2RIZOVWTHREBETH 7. Bk
N, IR, AR, K
W, I EEE A E OB AP O LIIREE D
BB W T LLM OMERED RH3 2 HIA D3 H - 7.
AL E WA D DAIREZ HE LT VolX,
H3H & DBIEE O B CBF/RICHEMI S H 5 [21] T
HBHOEEEDL D 5. EMF D NENZZ R ER R
BREL, MWSRHEIESFEOMA [22] ODIIREE [23]
YHBET 2 ZepHIsNTWS. 20720, LLM D
DOMEREEISHTHWS 720121%, SRR
HEANDOHEEEZRET Z2DERD D L FRT 5.

4 9tk

TOoMATO &3 —bAY FTRITSD? Fit
MR Fv— 27 3ERILIZRENZHEL TS
e ERRIHETAEDIIE, Ya—bhy b (FLHE
Blic RO Bl x75) CTHIBICHEIT 2 RET
A0 [24]. ZRGEIRBVERICE 7 — 2y MiX
BEIREA O HEERER D EBEICE D S EBLHE %
BARRTV([25,26] 128, T D 2 FIZOWTHHM
2175, 3B REANOEEEICOWT, ToMATO,
FANToM [4], Social-IQa [27], ToMBench [13] {ZF L
THABEZIHT [28] ZATWELER L 72, BEEE x; DIEfRD
BRI E TN DR p(ylx) BREIICE R
WV E ISRV HFEDEIE X, ToMATO, FANToM
(X 2), Social-IQa, ToMBench {28\ T Z L4 1.16,

— 951 —

&4 S5 A\PO Bigs R EOFHTFORKI LD 1
RDOHPRREIC BT 2 IEER (%). O: FMKIE, C: iR,
E: St A: taATE, N: fEAE

Big5 Llama3 Gemma2  GPT
MAEEE | LO | 8B 70B 9B 40 mini
0 high | 37.3 | 54.8 81.2 80.1 77.2

low | 374 | 540 8I1.1 79.2 78.2
high | 37.9 | 56.6 824 80.0 78.7

¢ low | 36.3 | 50.3 78.7 79.0 75.5
E high | 37.7 | 54.1 824 81.4 78.8
low | 37.1 | 548 799 78.2 76.5
A high | 38.8 | 55.0 83.4 82.5 79.3
low | 36.2 | 54.0 793 71.5 76.3
N high | 34.7 | 47.7 78.8 7.4 75.5

low | 379 | 559 81.6 80.2 78.1

10 — z=1.96

08 fix — z=-1.96

E 0.6

Pplylxi)

>
304

0.2

0.0

10° 100 102 10°  10°  10°
s

0! 0" 10
Frequency of word x; in option: Frequency of word x; in options.

(a) TOMATO (b) FANToM [4]
E2 EIRENOBZE Y FRROROHEBE ST 28]

4.49,3.34,6.04% TH o> 7= Z & 25, ToMATO (%13
REEA D HGE ¥ IEFR O O ELHER— A R b Vi n 2
Ehbhs. k72, £3TLO DRKENEN &2
5, BEOEHICES Y a— Mhy MIHEWE
ThwZedhbdrd. XoT, TOMATO TARL
NOLDOWRERER T 2720121, Lid2oDya—
Ay N X DEMREEXTZEET 2R0END 5.
BIROIENFMEIREIDOERER T, ? EE
ENVIDENE (BB & SR SREEHTFICH R
BRWZ Ko T, REEVERI N LR (%)
20 RA > MEIMT 2 22 ABOHEIC X D
Bl ZORRD» S, THROIENFHEIFFEZD
EWRERT Z b ol G B IIRT.

5 E&HDOI(C

ToMATO /0D B 5 % clF6 Y 12 FEli € %, LLM
DDLOBEHICE T 2EZ FMICHH S PICTE 5.
FRZZ RN DDHPRIEIC O W T DR EE DR D
AT 2 ATREIC L2 WF9RI%, F&x DXI1Z R D ARFZEH
WITH3. X512, ZREZESREEZROBEGEAY
DDHIKEEZ N EE D HHEE T 2 a%E1E, BEEL X
DHEEHOBREWCHELTWS., XoT, a3a
= =¥ a YIXBFOFEIGHIZ LLM L0 Mm%
HAT % ET ToMATO I3 EHZREA L D155,
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Liam Johnson: “Come on, Ethan, we’ve been friends for years, I can tell
when something’s bothering you. What’s really going on?”

Ethan Johnson: “Alright, alright... to be honest, I've been having some
trouble making ends meet, the restaurant’s been slow and I'm falling
behind on some bills, but Il figure it out, I always do.”

Liam Johnson: “Ethan, you’re not going to figure it out’ on your own,
you need a plan and some guidance. Let me take a look at your finances
and we can go over some options together, okay?”

Ethan Johnson: “Man, I appreciate that, Liam, but I don’t want to be a
burden, I can handle it, I just need to get my head out of my... okay, fine,
yeah, maybe a fresh set of eyes would help, thanks.”
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How does Ethan think that Liam feels when he says ”Man, I appreciate
that, Liam, but I don’t want to be a burden, ...”?

BB

A: He thinks that he feels concerned and genuinely wants to help, but
also might be a bit worried about getting involved in his problems

B: He thinks that he feels a sense of determination and seriousness, like
he’s taking charge of the situation and wants him to focus on getting
back on track

C: He thinks that he feels a mix of concern and annoyance, like he’s seen
this coming and is a bit exasperated that he didn’t come to him sooner
D: He thinks that he feels a sense of warmth and friendship, like he’s
happy to be able to help him out and is trying to make him feel better
about the situation
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