o . .
 / Institute of Automation
CASIA Chinese Academy of Sciences

E'? SOLIDGEO: Measuring Multimodal Spatial Math Reasoning in Solid Geometry

Peijie Wang, Chao Yang, Zhong-Zhi Li, Fei Yin, Dekang Ran, Mi Tian, Zhilong Ji, Jinfeng Bai, Cheng-Lin Liu

o .'t.‘
NEURAL
".". ,INFORMATION
2 PROCESSING
29SYSTEMS

Motivation

4 The Gap: From Plane to Solid Geometry
Existing benchmarks are stuck in plane geometry. We target the overlooked

challenge of solid geometry to measure true spatial reasoning.

The Target: Complex Spatial Math Reasoning

Solid geometry provides a testbed for spatial intelligence—the ability to perform
complex mathematical reasoning in a 3D world.

Forging the Path to AGI:

Challenging models with complex 3D tasks fosters the advanced reasoning
essential for the next leap toward AGlI.

Statistics of SOLIDGEO

Overview and Main Result

Multipile Choice

Question: Which of the cones listed below can be

formed from a 252° sector of a circle of radius 10 by

aligning the two straight sides?
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Answer: C
Difficulty Level: 2
Problem Type: PUC

Open-ended: Single-Step

Question: A regular icosahedron is a 20-faced
solid where each face is an equilateral triangle
and five triangles meet at every vertex. The
regular icosahedron shown below has one
vertex at the top, one vertex at the bottom, an
upper pentagon of five vertices all adjacent to
the top vertex and all in the
same horizontal plane, and
a lower pentagon of five
vertices all adjacent to the
bottom vertex and all in
another horizontal plane.
Find the number of paths
from the top vertex to the
bottom vertex such that
each part of a path goes
downward or horizontally along an edge of the
icosahedron.

<imagel>

Answer: 810
Difficulty Level: 3
Problem Type: CSS

Open-ended: Multi-Step

Question: As shown in Figure 1, this is a Rubik's

Cube composed of 8 equally sized smaller cubes, with

a total volume of 64.

(1) Determine the edge length of the Rubik's Cube.

(2) In the figure, quadrilateral ABCD is a square.
Find the area and the side length of this square.

(3) Place the square ABCD on the number line as
shown in Figure 2, such that point A coincides
with -1, point E coincides with 1, and point F is
symmetric to point D with respect to point E.
Then, the number represented by point D on the
number line is .
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Answer: (1) 4 (2)8 2\2 (3) -1-2V2
Difficulty Level: 2
Problem Type: CSS

Statistic Number
b Model | Overall | CSS SMR SSI PUC MSGF SGM MVP 3DCV | Avg.tokens
Total questions 3,113 and Configuration - g
- Multiple-choice questions 969 Text-only, zero-shot direct answering
- Open-ended questions 2144 Rosecton Deepseek-V3[12] (LLM) 9.3 107 81 83 127 63 78 103 122 787.2
-Single-step questions 1936 New collcted GPT-40[26] (MLLM) 9.1 100 104 106 68 121 86 13 9.6 692.6
-Multi-step questions 208 ol snape solid geometry : A
i & Open-source MLLMs (Text + Image, zero-shot direct answering)
Difficulties (Easy: Medium: Hard)  32%:61%:7% Single-step Level 2
. System-1 Models
Ne}vly collected questions 1,376 (44.2%) Structures LLaVA-v1.5-7B[13] 1.8 1.1 1.1 6.7 2.2 0.6 0.0 4.6 0.0 246.2
Existing-dataset questions 1,737 (55.8%) InternLM-XComposer2.5-VL-7B[63] | 4.4 25 18 67 89 0.6 00 94 12 151.8
Newly collected images 3,555 (66.1%) ol Geometry g DeepSeck-VL2-7B[64] 5.1 2.8 26 111 51 14 18 1.7 18 3382
Existing-dataset images 1,825 (33.9%) S Math-LLaVA-13B[65] 59 42 41 76 117 27 42 126 62 74
Language 3 conranae LLaVA-NeXT-Interleave-7B[66] 7.7 25 23 215 135 23 73 167 06 486.3
- English (EN) 2,192 (70.4%) 2 iyt LLaVA-OneVision-Chat-7B[47] 8.6 43 29 193 152 35 64 179 00 3532
- Chinese (CN) 921 (29.6%) Qwen2.5-VL-Instruct-7B[28] 155 84 88 301 133 262 162 152 102 490.2
: . REp e g LLaVA-OneVision-Chat-72B[47] 159 | 132 95 319 181 129 118 237 84 396.3
A o e 15“51“‘ Zggg InternVL3-8B[15] 177 | 118 100 244 174 280 191 199 72 488.8
Aj;;’;‘:‘;ﬂ*;‘;;‘:ﬁﬂ;‘gh ALY I cua Mistral-small-3.1-24b-instruct[67] 196 | 152 158 274 171 289 109 170 168 769.7
P 205 o) Level 3 sasurement o [ watnerse Qwen2.5-VL-Instruct-72B[28] 242 | 197 188 296 215 354 164 225 180 485.0
| LA InternVL.3-78B[15] 262 | 174 179 348 249 368 227 305 174 493.2
Table 1: Key Statistics of SOLIDGEO. Figure 2: Distribution of SOLIDGEO. Llama-4-Maverick-17B-128E[36] 296 | 25.1 5 3?.9 : 1;4&61 205 434 326 207 263 605.6
ystem-. oaets
. . L. . . LlamaV-o01-11B [68] 15 06 07 15 05 5.0 27 01 0.0 106.1
Table 2: Comparison with existing multimodal math benchmarks. SG: Solid Geometry, PG: Plane LLaVA-CoT-11B [69] 73 | 42 25 74 65 151 82 74 18 401.7
Ta_ . . ) i = e VLM-R1-3B [70] 9.6 63 44 111 87 196 45 83 24 453.0
Geometry. Level: —K-12,@=gnlvers1Fy, =Competition . Source: 9=§elf-sourced,@—Collected R Ot iR [ T AR S R ey S R B~
from Public Dataset. MC: Multiple Choice, SS: Single-Step, MS:Multi-Step. ;’fyi""'?;fl]\s/ Lae L el b R L e Uk
'WOIK-| - . £ 5 . A . £ s x %
Benchmarks \ Language SG Size SG Proportion PG Proportion \ Level Source SG categroy \ MC SS MS QvQ-72B-Preview [74] 26.6 179 281 370 229 34.7 209 203 2.8 3622.2
GeoQA [31] b CN 0 0.0% 100.0% (S) X v X X Closed-source MLLMs (Text + Image, zero-shot direct answering)
Geometry3K [30] EN 0 0.0% 100.0% (S] X v 7/ X System-1 Models
37
UniGeo [33] EN 0 0.0% 100.0% [S) X X K Claude-3.5-Sonnet[46] 222 169 98 422 242 365 255 235 96 992.1
PGPS9K [32] EN 0 0.0% 100.0% (S] X o/ X GPT-4V[14] 253 | 166 158 356 215 415 255 259 180 14335
MMMU-MATH [38] EN 0 0.0% 29.3% (U] [S) X /X Gemini-1.5-pro[27] 253 | 185 168 348 196 416 173 256 192 1003.5
GeoEval [5] EN 100 2.0% 94.1% (P} X X GPT-40[26] 255 | 189 168 326 196 410 173 265 192 1344.9
DynaMath [61] EN 150 3.0% 15.4% (S] X S f K Claude-3.7-Sonnet[46] 34.1 277 282 @30 PBIU| HEES| 436 285 263 12174
MATH-Vision [6] EN 263 8.7% 58.7% (S X 7/ X Gemini-2.5-pro[27] 427 | 520 757 248 209 260 584 196 729 1263.9
OlympiadBench [62] EN/CN 784 9.2% 15.6% (S) X X v X System-2 Models
MathVerse [7] EN 119 15.1% 64.7% (SP) X OoXx X OpenAl-01[75] | 495 | 487 542 489 361 553 591 430 551 | 49426
GeoSense [41] EN/CN 350 20.0% 80.0% (S P 2 LK Hiiman Performatice
SOLIDGEO (Ours) | EN/CN 3113 100.0% 0.0% | (S P) 8 o e A Human | 775 | 882 709 902 772 874 712 785 692 | -

Fine-grained Analysis

Models | Original CoT CoT &2-shot | Levell Level2 Level3 | MC SS MS
Claude-3.5-sonnet [46] 222 21.7¢-0.5) 19.3¢-1.9 37:7. 15.7 4.5 328 178 139
Gemini-1.5-pro [27] 25:3! 26.1(+0.8) 27.5(+2.2) 39.0 19.7 8.5 32.1 231 144
GPT-4V [14] 25.3 24.1(-12) 23.4(-1.9) 41.6 18.5 6.8 352 221 106
GPT-40 [26] 25.5 24.9(-0.6) 22.9(-2.6) 38.9 20.1 79 327 232 13.0
Claude-3.7-Sonnet [46] 34.1 - - 42.5 31.2 16.4 399 325 212
Gemini-2.5-pro [27] 42.7 - - 221 50.8 80.7 352 490 193
OpenAl-ol [75] 49.6 - - 46.6 50.4 574 50.8 512 28.8
LLaVA-OneVision-Chat-7B [47] 8.6 10.5(+1.9) 11.4(+2.8) 16.1 54 1.1 221 26 14
Qwen2.5-VL-Instruct-7B [28] 15.5 16.0(+0.5) 15.0¢-0.5) 28.1 10.0 28 222 131 62
LLaVA-OneVision-Chat-72B [47] 15.9 14.8-1.1) 15.6(-0.3) 235 13.0 4.0 292 102 6.2
InternVL3-8B [15] 17:7; 18.1(+0.4) 18.3(+0.6) 30.7 11.9 6.2 273 141 6.2
Qwen2.5-VL-Instruct-72B [28] 242 28.8(+4.6) 26.1(+1.9) 335 20.6 10.6 285 228 173
InternVL3-78B [15] 26.2 25.8(-0.4) 25.9(-0.3) 422 19.7 6.2 351 230 154
QvQ-72B-Preview [74] 26.6 - - 32.6 245 14.7 315 263 6.7
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Error Analysis and Case Study
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Reasoning Error

Question: As shown, <image_1> is a cube with an cdge length of 10. <image_2>

is the surface development of Figure 1, As shown in Figure 1, if the sum of the two
‘numbers on opposite faces of the cube is equal, then what s the value of x, y?

Ground Truth: x = 12,y =8

Gemini-2.5-Pro:
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1. Identify Opposite Faces: From the surface
development, we can identify the opposite faces
of the cube: Face "2" is opposite to face "x*.
Face "4" is opposite to face "6". Face "y" is

<image 1> <image 2>
Error Reason: Gemini-2.5-pro
mistakenly assumed 4 and 6 were
opposites, misapplying logical
reasoning without accounting for

opposite to face

2. Setup Equatic Given that the sum of the
numbers on opposite faces is equal, we have:
24x=4+6=y+10

3. Solve for x and y: - First, solve for x:2 + x =
10, implies x = 10 — 2, implies x = 8. -Next,
solve for y: y + 10 = 10, implies y = 10 — 10,

spatial structure.

implies y = 0. Therefore, x = 8and y = 0.

4 |dentify a Critical Gap: Current benchmarks neglect solid geometry,
a crucial domain for spatial reasoning required for AGI.
4/ Develope SOLIDGEO: The first benchmark dedicated to solid geometry,

featuring 3113 problems with detailed annotations.

4/ Reveal a Major Performance Gap: Evaluated 27 leading MLLMs,
uncovering their significant limitations in 3D reasoning and a substantial
gap compared to human performance.



