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MOTIVATION
While spatial language and non-linguistic spatial representations in mem- | ® Do vision-language models represent space, and how? Most VLMs prefer reflected transformation similar to English.
ory are closely correlated and share foundational properties, they are, to VLMs aligns with English conventions. el Back =% (]) Front = (1) Left &> () Right > (])  Aggregated  Preferred
. . ode
some extent, dlvergent’ e Are VLMs robust and consistent? No! Same Rev. Same Rev. Same Rev. Same Rev. Tran. Rot. Ref.
e Spatial conventions are not consistent across languages or tasks; e Can VLMs take alternative perspectives? No! LLaVA-15-13B  61.8 19.2 560 27.7 317 61.8 243 643 434 432 257 Ref.
ot e . . . : GLaMM 58.3 333 439 429 383 518 173 63.7 395 479 33.0 Ref.
* Humans demonstrate flexibility in using multiple coordinate systems for ' e Can multilingual VLMs adhere to cultural conventions? XComposer2 732 17.9 745 20.7 201 809 213 81.1 473 50.1 20.0 Ref.
Tinotict : SRR e : : MiniCPM-V 709 21.9 643 269 19.7 741 211 733 440 491 224 Ref.
both non linguistic reasoning and linguistic expressions; | | No, English tends to dominate other languages. CPTAe ST g2 ik 300 043 808 051 898 497 a5 274 Rer
* Do vision-language models represent space, and how? Alignment with
humans’ resolution of spatial ambiguities is largely under-explored.
5 o= DATASET AND METRICS PREFER FRAME OF REFERENCE
(a) Frame of Reference (FoR) (b) Coordinate Transformation (c) Continuity
Is the basketball to the right of the car? ~ The ball to the left/right/ Is the red ball to the BALL- in front of Distractor ~ Objectcolor [l CAR-in front of Bicycle Most VLMs prefer the egocentric relative FoR similar to English.
« Yes, from the camera’s viewpoint front/back of the blue ball. right of the blue ball?
. Yes, from the woman’s viewpoint . Transle(;ted: A/112/ C/ Ié - Model Back e°® (|) Fronte®® (]) Lefte®®(]) Righte®®(]) Aggregated Prefer
. ’S Vi i « R :  B/A/D
Yes, from the car’s viewpoint . R:ft]aetfted: A?B?D?C - Ego. Int. Add. Ego. Int. Add. Ego. Int. Add. Ego. Int. Add. Ego. Int. Add.
Fjont Right ' Objectsize  Camera pose LLaVA-1.5-13B 31.938.8 38.8 24.857.1 57.1 11.751.1 51.1 27.557.4 48.7 24.051.1 48.9 Ego.
Right |~ . GLaMM 28.049.1 49.1 30.040.2 40.2 14.056.8 41.5 13.753.0 46.6 21.449.8 44.4 Ego.
A — Rign XComposer2 12.749.3 49.3 15.248.3 483 18.861.2 53.7 16.558.4 54.5 15.854.3 51.4 Ego.
e . MiniCPM-V ~ 34.240.7 40.7 35.553.4 53.4 18.053.9 584 19.058.1 52.7 26.751.5 51.3 Ego.
= ° = GPT-4o 38.336.7 36.7 43.150.2 50.2 34.759.3 56.5 24.357.3 61.7 35.150.9 51.3 Ego.
POy TV N COUAOAASW UG MW F (L URE IN PERSPECTIVE TAKING
BACKGROUND by p; = P;(Yes)/|P;(Yes) + P;(No)|. We consider the inference correct FAILURE IN PERSPECTIVE TAKING
People may use different frames of reference (FoR; [1-3], inter alia) to resolve if (1) the scene falls into the a.c.ceptab}hty region and p; > 0.5 or (2) the = While VLMs can corpprehend scenes using egocentric relative FoR, they
ambiguity about the underlying coordinate system. scene falls out of the acceptability region and p; < 0.5. struggle to adapt flexibly to alternative FoRs.
. . o :  Region Parsing Error. We normalize p; across all image-prompt pairs . —
* The intrinsic FoR aligns the origin with the relatum, and describes the n g’ compute tﬁe RMSE acainst the refezrence robab'l'tg glreshlz)lgl) ( de, Model Egocentric Intrinsic Addressee Aggregated
’ ‘qs . VS . . u 1 111 - ) cos ) cos ) cos ) cos
referent’s position relative to the relatum’s inherent orientation; fined b E . dg ine of angles) thI?c }1 the actual Acc% (1) e7p2({) Accho (1) e5%p2 (1) AccTo (1) e (L) Acc% (1) €572 (1)
. . . . . ine emispheres and cosine of angles) that represents the actual re-
e The relative FoR positions a viewer (egocentric or addressee) as the origin . y pie 5 P LLaVA-1.5-13B 51.6(—15.0) 23.9(+3.1) 47.3(+0.8) 43.0(—0.7) 47.5(~3.8) 38.9(—4.2) 48.8(_6.0) 35.9(—0.6)
and focuses on the observer’s intrinsic perspective glons of acceptability. e e 8ae 100 Toocon HAGos) TA(-6.9) 27228 928(-6.1) L 2(-42) .54
: R - . omposer ‘0(—7.0) -0(43.0) 2 L.Y(40.5) 91.U(_3.3) I3.4(—_0.6) T7-0(—1.6) 03.3(—2.4) 97.7(—0.6)
* Robustness. Standard deviation and prediction noise. MiniCPM-V  72.4(_45) 24.6(_2.1)49.9(—2.6) 47.8(_3.7) 52.9(_0.5) 45.1(_¢.2) 58.4(_2.6) 39.2(—4.0)
Ambiguities in relative frames of reference: e Consistency. Spatial symmetry and opposition. GPT-40 78.3(4+a.6) 28.1(_7.0)53.4(_1.9)44.6(_6.3)49.1(_5.7) 44.9(_¢.4) 60.3(_1.0) 39-2(_¢.6)

o Translated, where the coordinate frame of the speaker is directly applied;

* Rotated, where the coordinate frame of the speaker is transformed with a
180-degree rotation; behind | infront of

LACK OF ROBUSTNESS AND CONSISTENCY

Despite decent performance in accuracy, VLMs demonstrate a lack of ro-
bustness and consistency.

Model Obj F1 (1) Acc% (1) &g (1) eXe () o102 (D) mxaoe (1) g (1) e (1)

o Reflected, where only the front-back axis is reversed.

Origin Frame of Reference Example (English) Addressee Referent/Figure VI SUALIZATION OF R EGION PA RSING E RROR BALL CAR BALL CAR BALL CAR BALL CAR BALL CAR BALL CAR BALL CAR BALL CAR
Camera Egocentric (From the camera’s viewpoint,) LLaVA-1.5-13B  100.098.6 55.351.6 25.723.8 37.637.1 193208 249299 7.0 58 93108
(Preferred) Relative FoR the ball is behind the car. Left Front GLaMM 100.099.8 47.247.2 33.023.3 45.237.6 29.9234 45.028.4 10.1 9.4 13.714.6
— _ XComposer2 ~ 100.095.3 92.485.6 20.0188 211263 19.2153 137229 9.0 65 10.512.0
Addressee  Addressee-Centered  (From the woman'’s viewpoint,) = | | MiniCPM-V 66.8815 81.072.4 224246 32.8358 19.219.2 29.822.7 10.1 9.2 124149
Relative FoR the ball is to the left of the car. :.:* 2071 . Ra R GPT-40 100.094.5 89.278.3 274281 27.535.0 20924.0 43.138.8 14.113.3 14.216.7
Referen Object-Centered (From the car’s viewpoint,) Y Cround 2 %’5" i; ' %’f’" ii Random (30 trials) ~ 50.0 50.9 46.3 58.7 28.3 26.6 42.5 44.2
ererence Intrinsic FoR the ball is to the right Of the car. ﬂ 0.25 0.251 Always Yes 50.0 47.2 61.2 68.7 0.0 0.0 0.0 100.0
0.00 ~100 an(;le 100 00050 an(;le 100
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