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"Apple MacBook" by Maurizio Pesce (https://flic.kr/p/ssCKa3), licensed under CC BY 2.0
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My power supply is 230V 50Hz.
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"Apple MacBook" by Maurizio Pesce (https://flic.kr/p/ssCKa3), licensed under CC BY 2.0
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CAPRI Formalization

Pragmatic Speaker Model

P(y|X)=) P(y|X,B) P(B|X)
B BG Task

Pragmatic speaker model means the speaker chooses an utterance by
reasoning about how a listener will interpret it, and maximizes the
communication effects.

Predicting pragmatic reasoning in language games. Science 2012.



https://www.science.org/doi/10.1126/science.1218633

CAPRI Formalization

Pragmatic Speaker Model

------------------

----------------------------------------------------

. Marginalize over the |
Ideally inferred user’s cultural

......packground
;
Ply|X)=) P(y|X,B) P(B|X)
« R N—
g B BG Task,._~~
Respon"s'é/ Conversation Backgraund _______________________________________________ \
Auxiliary task ‘,
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CAPRI
Conversations

Py | X) =Y P(y| X,B) P(B| X) «
B BG Task

Useful for testing the priors!

Null (no conversation)

. "IMG_5677" by Ken Marshall,
What is the temperature? licensed under CC BY 2.0



https://flic.kr/p/2oedFU

CAPRI
Conversations

i/ Where did you buy it? Implicit Cue 1

chatbot . B kg (e
| bought it on [cue 1] nac.com (1) Flipkart (=)
user Coupang () ...

*

Ply| X)=3 P(y| X,B) P(B| X) <.
B BG Task

Null (no conversation)

Requires inference

. "IMG_5677" by Ken Marshall,
What is the temperature? licensed under CC BY 2.0
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CAPRI
Conversations

P(y| X) =Y P(y| X,B) P(B| X)&
B

Requires inference

s Where did you buy |I.?‘

.
5% N
.

.s®

st
“““
||
st

What is the temperature?

l bought it on cue [cue 1]
user

user

Implicit Cue 2

06 12 34 56 78 (L1) 78901 23456
(=) 010-5567-8901 (:*) ...

Implicit Cue 1

Fnac.com (I Y) Flipkart (=)
Coupang (:¢) ...

Null (no conversation)

"IMG_5677" by Ken Marshall,
licensed under CC BY 2.0
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CAPRI
Conversations

P(y| X)=) P(y| X,B) P(B| X)
B BG Task

Stated explicitly

C lanton.. 10

What's your pGmber?

What is the temperature?

Explicit Full

Implicit Full / [0

Cuel: “an online platform”

Cue2: “is provided in the
contact info”

Implicit Cue 2

06 12 34 56 78 (L1) 78901 23456
(=) 010-5567-8901 (:*) ...

Implicit Cue 1

Fnac.com (I Y) Flipkart (=)
Coupang (:¢) ...

Null (no conversation)

"IMG_5677" by Ken Marshall,
licensed under CC BY 2.0
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Dataset Construction

chatbot
)
c - )
@ What’s your number?
chatbot
My number is [cue 2] User
@ Where did you buy it?
hatbot

Conversation
skeleton

_
| bought it on [cue 1]
user

14
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(o) ... ]

=

Name-based cues: [Amélie (11) Priya (=) Jisoo

Entity-based cues: Shopping platforms:
[Fnac.com (IR) Flipkart (=2) Coupang (k) ...],
Social media, Music, Fashion brands ...

System-based cues: Phone number [06
12 34 56 78 (11) 78901 23456 (=) 010-5567-8901

() ...], Date Format, Power supply ...
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"IMG_5677" by Ken Marshall,
licensed under CC BY 2.0
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Dataset Statistics

Dimension # Images # Scaffolds # Conv  Question Possible Answers
Objective ~_ _emperature Do »_ T ! L. _ R
Concepts Distance 32 96 864  What is the distance? m, km, ft, mi, yd, ...
wGouind - -~ ~"~"~""">"""~"—-"—-"T-" -~ ~—~-—-~-—-~———— - — == —— T S T T T T T T T T T T
Truth (Type 1) Speed A 4290 Whatisthespeed? - km/h, mph, m/s. knots, ...
Size 24 72 648 What is the room size? m?, ft’,
" Price 21 63 630 Whatis the price? USD, EUR, CNY, JPY, ...
Subjective Time 24 72 720  What time is it? morning, noon, afternoon,
Expression evening, night
Concepts  _ _ = _ _ _ _ _ _
w/o Ground . . : few, some, half
(7 % 9 %
Truth (Type 2) Quantifiers 20 60 600 What is the quantity* most. almost all

Total 172 516 4992

15



Human Annotation

Your Answer (Must be customized to the user's background:)

value (a number)

(Make sure the unit is customized to the user's background.)

Your Comment (optional)

/Type your comment
here...

Conversation & Image: Read carefully before answering.

Conversation

chatbot

chatbot

16

Thank you. | see you bought it from Fnac.com. To locate your order, could you please provide
the phone number associated with your account?

(>
Sure, my number is 06 12 34 56 78. ’

Got it. I've located your purchase details with the number 06 12 34 56 78. Now, how can |

t assist you with the thermometer in the image?

£
What is the temperature of the thermometer? R

unit (a temperature unit)

Conversation

"IMG_5677" by Ken Marshall,
licensed under CC BY 2.0
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Human Annotation

* Platform: Cloud Connect (cloudresearch.com).

 Annotator qualification: Lived in the target country for =5 years in the last 15 years.
* Reimbursement: 15 USD/hour.
 Sample size: For each [dimension x country], we collect 24-29 responses.

e Eval group: the target country and its unit (e.g., L1 -> expect a °C answer).

 Control group: 20% of samples use = conversations (e.g., annotators should respond
in °F for those, even though the other 80% expect °C).

 Annotation outcomes: > 85% accuracy on the eval group, > 75% on the control group.

17


http://cloudresearch.com

Evaluation — Setup

 Models: Gemini-3.1-Flash-Lite; LLaMA-3.2-11B-Vision-Instruct; Qwen3-VL-8B/32B (both
-instruct and -thinking variants); Gemma-4 in sizes E2B, E4B, and 31B;

* Inference

* Direct prediction

 CoT: models <think> freely;

 Pragmatic CoT: we instruct the models to infer the background first, then answer the question.
 Metrics:

* Objective concepts w/ ground truth: Accuracy in predicting the units;

* Subjective concepts w/o ground truth: Divergence among cultures

18



Overall Performance

RQ1: How do models generally perform on objective concepts in CAPRI?

100% -
80% -
60% -
40% A
5 -
20% - == | | aMA-3.2-11B - BG === Gemma-4-31B - BG Let S f!rSt underStand What
« @ ' LLaMA-3.2-11B - VQA = - ' Gemma-4-31B - VQA the axXis means.
* === Qwen3-VL-32B - BG Gemini-3.1 - BG
. I_/I_I = = ' Qwen3-VL-32B - VQA Gemini-3.1 - VQA '
O A) i 1 1 1 1 1 1 "'
Null Neutral Cuel Cue? Impl. Expl. , _.=" -

Full Full €



Overall Performance

RQ1: How do models generally perform on objective concepts in CAPRI?

100% -
= 31
80% - . .
g ‘.“‘ . \‘
.--.--""'".""-'-'-'.'-'Il“ . . . .
60% | ¢ Yy LAk Discovery: There is a significant
B gap between the VQA and BG
tasks!
40% - e @ @ s °
AR o
" YEEREEE @
20% - =O==LLaMA-3.2-11B - BG === Gemma-4-31B - BG _ . o
* @ ' LLaMA-3.2-11B - VQA - # ' Gemma-4-31B - VQA Sett|ng: d|reCt pred|Ct|On_
¢  ==fr=Qwen3-VL-32B - BG Gemini-3.1 - BG
0% - I_/I_I = A= ' Qwen3-VL-32B - VQA Gemini-3.1 - VQA

Null Neutral Cuel Cue?2 Impl. Expl.
Full Full

20



100% A

80% A

60% -

40% -

20% -

0% -

Reasoning

RQ2: Does reasoning help the model become a better pragmatic speaker?

Qwen3-VL-32B-Thinking

£
“®- 56
VQA (direct)
VQA (CoT)
VQA (Pragmatic CoT)
Null Neutral Cuel Cue2 Impl. Expl.
Full Full

Gemma-4-31B-Thinking

100% A

80% A

60% -

40% A

20% -

0% -

f

@) 8G

VQA (direct)
VQA (CoT)

N

VQA (Pragmatic CoT)

Null

Neutral Cuel Cue2 Impl.

Full

Expl.
Full

Gemini-3.1-Flash-Lite-Thinking

7\

0 N -x
100% / / O =
80% - =
60% -
40% -
®- &6
20% A VQA (direct)
VQA (CoT)
0% VQA (Pragmatic CoT)
0 i I I I I I
Null Neutral Cuel Cue2 Impl. Expl.
Full Full

Reasoning is indeed helpful. However, the models’ default reasoning does not
achieve the ideal pragmatic reasoning.
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Scaling

RQ3: How does performance scale with size?

Gemini Family Gemma Family Qwen Family
100% - 100% - A5 100% -
80% - 80% - A | 30%-
* -
-
60% A 60%{ Qe = 60% A
— N J
40% A 40% 1 e =———4i——/ 40% A
E2B VQA (Pragmatic Reasoning)
20% A 20% - E4B BG 20% 8B BG
E4B VQA (Pragmatic Reasoning) 8B VQA (Pragmatic Reasoning)
:- Flash-Lite BG /‘ 31B BG 32B BG
0% - shaded band = BG vs Pragmatic gap (model-colored) - Flash-Lite VQA (Pragmatic Reasoning) 0% - shaded band = BG vs Pragmatic gap (model-colored) 31B VQA (Pragmatic Reasoning) 0% - shaded band = BG vs Pragmatic gap (model-colored) 32B VQA (Pragmatic Reasoning)
Null Neutral Cuel Cue? Impl. Expl. Null Neutral Cuel Cue? Impl. Expl. Null Neutral Cuel Cue?2 Impl. Expl.
Full Full Full Full Full Full

Apparently, scaling is helpful. The gaps between VQA and BG are much smaller
for larger models.
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Scaling

RQ3: How does performance scale with size?

Qwen3-VL-8B Gemma-4-E2B Gemma-4-31B

I _ H

I I I I 1 I
0 25% 50% 75% 100% O 100/ O

Qwen3-VL-32B Gemma-4-E4B Gemini-3.1

I I I I 1 I
0 25% 50% 75% 100% O 100/ O

LO no cue L1 cue mentioned B L2 cue-identity Bl L3 identity—answer

Larger models have deeper reasoning.
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Models’ Prior

RQ4: What are models’ prior cultural biases?

LLaMA-3.2-118B

Qwen-8B

Qwen-32B

Gemma-E2B 1 = 95
Gemma-E4B - 100
Gemma-31B ‘ 929

0 25% 50% 75% 100%
B US B Israel B France Bl japan B Iran B Other
B China BB UK o South Korea B India & Brazil Unknown

24



Models’ Prior

RQ4: What are models’ prior cultural biases?

distance

price 100
speed 93
size 100

temperature

| | |
0 25% 50% 75% 100%
BE USD mmE non-USD ®W metric B& imperial
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Divergence Metrics

For subjective concepts

Inter-culture divergence score

1 ,
Dinter = ) Pr(y” #4y")
(2) 155

E1 B 11 =

We have 10 countries, hence 45 pairs.

26

For example

Null -
Neutral -
Cuel -
Cue2 -

ImplicitFull =

ExplicitFull -

R P AU S P R S

SN R 5 0 AN

- South Korea
Null =

Neutral -
Cuel -
Cue2 -

ImplicitFull =

ExplicitFull -

@@@@@@@@@@
ST AT AT G G AT &

morning [ afternoon
B evening

noon

Predicted time of day

B night
N/A




Divergence Metrics

For subjective concepts

Cue divergence scores

B B
DExpl(B ) — Pr(yEXPLICITFULL 7 yNEUTRAL)

B B
DImpl(B ) — Pr(yIMPLICITFULL 7 yNEUTRAL)

They are minimally contrastive pairs:
* ExplicitFull = Neutral + “l am from ...”

e ImplicitFull = Neutral with cues filled in.

27

For example

Japan
veurral | [ N
ImplicitFull - .... .
ExplicitFull -
NS if»&«,&f%\’bq@f:&b&«QQ\ &

Nnoon

morning [ afternoon

B evening

Predicted time of day

Bl night
N/A




Subjective Concepts

RQ5: How do cultural cues influence models’ subjective predictions?

14% ~
12% A
10% A
8% -
6% -
4% 1 A
2% -

O% L :I: | | | | |
Null Neutral Cuel Cue2 Impl. Expl.
Full Full

= 4 = Gemma-4-31B - Pragmatic CoT
Gemini-3.1 - Direct
Gemini-3.1 - Pragmatic CoT

== Qwen3-VL-32B - Direct
= =4 = Qwen3-VL-32B - Pragmatic CoT
= == Gemma-4-31B : Direct

28

D Inter —

ST Pr(y? £ )
(2) (5o

Discovery:

* Cues and reasoning are both
impactful.



Models’ Prior

RQ6: Which cultures do models’ priors lean toward?

Qwen-32B Gemma-31B Gemini-3.1
Culture DImpl DEXpl DImpl DEXpl DImpl DEXpl
US 6.3 3871 8.3 9.8 0.8 6.8
China 45 150 7.6} 7.6 83 1147
Israel 5.3 1.5 0.1 8.3 6.1 8.3
UK 5.3 3.0 8.3 6.1 7.6 0.1
France 7.6 3.0 987 7.6 8.3 9.8
Korea 5.3 3.0 9.1 6.1 53] 10.6
Japan 6.1 2.3 7.6 6.8 7.6 8.3
India 4.5 23 76 53] 0.1 8.3
Iran 4.5 3.0 8.3 0.1 6.1 7.6
Brazil 6.1 2.3 0.1 6.8 1067 6.1
Mean 5.6 2.6 8.5 7.3 7.9 8.6

29

1 lowest column-wise (the lower, the closer to the prior)

B B
DExpl(B ) — Pr(yEXPLICITFULL + yNEUTRAL)

B B
DImpl(B ) — Pr(yIMPLICITFULL 7 yNEUTRAL)

Discoveries:

o IS not necessarily the default
(even for American-made models);

e Qwen is interesting Bl | ;
* France has higher divergence 1;

» Implicit/Explicit cues impact Brazil E3;



onclusion
The CAPRI Dataset

New Formalization R skl e

’
() . . '
Di le K led d Acti : [ amfom.. ] Explicit Full ;
to Disentangle Knowledge and Action A R —- :
1
8 o Q L}
____________________________________________________________________________________________ E & Implicit Full / @m| :
R S p . ' chatbot — Cuel: “an online platform” :
' : 1 1 J Cue2: “is provided in the 1
: ' Marginalize over the | : . G © provided .
1 : : C ' ser contact info .
' I d ea I I - y 5 . ' NemEeiiemEeNIeNSERIEIORSRROISCRaRRST P AR RS NP ROE HER PR RN H R R PR RO Ra  RaRRORaPannnssrannes tHARLA S S .
: Y .. inferred user’s cultural : : : .,. Implicit Cue 2 :
L g H ' 1 1 ’
: R : ; . i af What'’s your number? :
: Re 5, bac kg round ! : chatbot 06 12 34 56 78 (11) 78901 23456 :
: . e : : My number is [cue 2] - (=) 010-5567-8901 () ... ;
1
. ' I I llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll I
: ¥ : ; ;
. ! : % . . 2P 1
; P( | X) = P( | X B) P (B | X) . ' @ Where did you buy it? Implicit Cue 1 .
i y y ) ! ' chatbot F 0 T . .
: ’ k B HH : : | bought it on [;!!E ] nac.ccom( ) ( 1?) art ("' :
1 % ' user oupang () ... '
1 1
! Re ' *-.. BG Task . R '
4 1 o * ] ] !
! L4 ] ~ IS S~ ~ 1 1 !
: ’ ’ ’ - s~ -~ 1 1 1
' v ¢ ¢ . ' 1 :
' - - ‘ ’ ‘\ “ ! ' 1
1 - H 1 1 1
.  Response Conversation Background e S o : :
1 s 1
. Lo " ull (no conversation) '
' []
] Auxiliary task | . : :
\~ ----------------------------------------------------- ‘ " 1 .
N o mm m m mm m mm e e mm e mm mm e e mm mm mm mm e mm e mm mw e m m mm mm e mm e mm e e mm mm e m e e mm mm e e e e e mm e mm e mm e e mm mm e o e o - 1
' .
! 1
1
[ ]
l‘ '
-
Yoo
Evaluati d the C
T G G G T R TN EEEEEEEEEEEEEREEEERmEES- L]
4
'I
: Qwen3-VL-32B-Thinking Gemma-4-31B-Thinking Gemini-3.1-Flash-Lite-Thinking Gemma Family
:100% 100% - 100%4 A 100% A 100% A 100% A
s Se—r s X g e R
T 80% 80% - 80% - 80% 80% - & | 80%
1 /
: 60% 60% - 60%1 4. ..o 60% 1 60% A *::'*,’ 60% A
l —
: 40% A " """ 40% A 40% 40% 40%1 k=== 40%
: E2B BG
1 20% A SSA (direct) 20% \B/gA (direct) 20% 1 \Eng (direct) 20% - 20% - Eappa o ReRsennO) | o 888G
1 VQA (CoT) VQA (CoT) VQA (CoT) E4B VQA (Pragmatic Reasoning) ; 8B VQA (Pragmatic Reasoning)
! VQA (Pragmatic CoT) VQA (Pragmatic CoT) VQA (Pragmatic CoT) " Flash-Lite BG ) ) 31B BG ) ) - 32B BG ) ‘
1 0% n T T T T T T 0% n T T T T T 0% b T T T T T 0% shaded band = BG vs Pragmatic gap (model-colored) Flash-Lite VQA (Pragmatic Reasoning) 0% A shaded band = BG vs Pragmatic gap (model-colored) + 31B VQA (Pragmatic Reasoning) 0% - shaded band = BG vs Pragmatic gap (model-colored) 32B VQA (Pragmatic Reasoning)
" Null Neutral Cuel Cue2 Impl. Expl. Null Neutral Cuel Cue2 Impl. Expl. Null Neutral Cuel Cue2 Impl. Expl. Null Neutral Cuel Cue2 |m'p|l Ex'pI. Null Neutral Cuel Cue2 ,m'pL Ex'pl. Null Neutral Cuel Cue2 |m'p|. Ex'pl.
. Full Full Full Full Full Full Full Full Full Full Full Full
A
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