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Abstract001

Recent advancements in multi-modal large lan-002
guage models (MLLMs) have demonstrated003
promising capabilities in integrating visual and004
textual information to solve complex problems.005
While many of these models exhibit strong006
performance in mathematics or general vision007
tasks, it remains unclear whether they pos-008
sess the scientific reasoning skills necessary to009
tackle challenges across diverse domains such010
as physics and chemistry. In this work, we011
aim to bridge this gap by introducing a new012
benchmark, VisScience, designed to systemat-013
ically evaluate MLLMs on multi-disciplinary014
scientific reasoning. Our benchmark consists015
of 3,000 carefully curated questions spanning016
K12 education, with equal representation from017
mathematics, physics, and chemistry (1,000018
problems each). These questions are drawn019
from 21 subject areas and are categorized into020
five difficulty levels to reflect a broad range021
of curricular concepts and reasoning demands.022
With our VisScience, we analyze MLLMs on023
scientific reasoning by evaluating 25 represen-024
tative models, including both open-source and025
closed-source variants. Our results show that026
MLLMs’s performance varies notably across027
disciplines—while models generally perform028
best on mathematics, physics and chemistry029
questions expose weaknesses in scientific ab-030
straction and visual grounding. Furthermore,031
we examine model behaviors under multilin-032
gual settings, as VisScience is provided in033
both English and Chinese, enabling a cross-034
linguistic perspective on scientific reasoning.035

1 Introduction036

Recently, large language models (LLMs) (OpenAI,037

2022; Achiam et al., 2023; GLM et al., 2024; Tou-038

vron et al., 2023a,b; Bai et al., 2023a; Brown et al.,039

2020; Chowdhery et al., 2023; Anil et al., 2023)040

have demonstrated remarkable capabilities across a041

wide range of tasks, including natural language un-042

derstanding, text generation, and complex problem043

solving. The success of LLMs facilitates the de- 044

velopment of multi-modal large language models 045

(MLLMs) (OpenAI, 2023; Team et al., 2023; An- 046

thropic, 2024; Liu et al., 2024b,a; Ye et al., 2023, 047

2024), which extends these capabilities by inte- 048

grating the ability to process and analyze both 049

textual and visual information. Evaluation is a 050

significant component in assessing the ability of 051

these MLLMs across various tasks, which has at- 052

tracted widespread attention and developed rapidly 053

in recent years. For instance, several benchmark 054

datasets are proposed to evaluate the ability of 055

MLLMs in general visual understanding, including 056

MME (Fu et al., 2023), MMMU (Yue et al., 2024), 057

MMBench (Liu et al., 2023), MMStar (Chen et al., 058

2024a), and SEED-Bench (Li et al., 2023a). 059

As a primary evaluation domain, mathemati- 060

cal reasoning presents specific challenges, requir- 061

ing models to handle complex mathematical prob- 062

lems accompanied by visual information. Previ- 063

ous works (Chen et al., 2021, 2022; Cao and Xiao, 064

2022) focus on geometric problems, resulting in 065

the emergence of various evaluation datasets such 066

as GeoQA (Chen et al., 2021), Geometry3K (Lu 067

et al., 2021), and UniGeo (Chen et al., 2022). Sub- 068

sequently, several benchmark datasets (Lu et al., 069

2023; Zhang et al., 2024b; Wang et al., 2024) ex- 070

tend the scope of mathematical reasoning beyond 071

geometry to encompass various branches such as 072

arithmetic, algebraic, statistics, logic, and func- 073

tions. Notably, MathVista also contains a portion 074

of scientific datasets such as TQA (Kembhavi et al., 075

2017), SciBench (Wang et al., 2023b), and Sci- 076

enceQA (Lu et al., 2022). However, despite these 077

advancements, there remains some issues: 078

• Existing benchmarks often focus narrowly on 079

specific mathematics, neglecting other crucial 080

scientific disciplines like physics and chem- 081

istry. 082

• Existing benchmarks are often collected from 083
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limited sources, resulting in a lack of natural084

difficulty levels and leading to an incomplete085

evaluation of models’ capabilities.086

• Current benchmarks are predominantly avail-087

able in a single language, limiting the evalua-088

tion of MLLMs’ multilingual capabilities.089

To address the limitations of existing bench-090

marks and provide a more comprehensive evalua-091

tion benchmark, we introduce a more expansive092

evaluation benchmark, named VisScience, inte-093

grating both textual and visual information. This094

benchmark is designed to assess the performance of095

MLLMs in multi-modal scientific reasoning tasks096

across disciplines like physics and chemistry along-097

side mathematics. To construct this benchmark, we098

gather 3,000 questions from K12 education with099

each discipline containing 1,000 questions. This100

benchmark spans a comprehensive range of knowl-101

edge points across different chapters, with difficulty102

levels ranging from 1 to 5, ensuring that models are103

assessed on both basic and challenging problems.104

In order to better understand MLLMs’ perfor-105

mance on more detailed subjects within three dis-106

ciplines, we categorize VisScience into several107

subjects across each discipline. Specifically, we108

divide the mathematical part of VisScience into109

six subjects such as plane geometry, solid geome-110

try, functions and equations, algebraic operations,111

probability and statistics, and combinatorial math-112

ematics. For physics, the dataset is categorized113

as eight subjects, including mechanics, thermody-114

namics, comprehensive experiments and methods,115

mechanical motion, vibration and waves, optics,116

electromagnetism, and modern physics. The chem-117

istry section includes seven topics such as chemi-118

cal experiments, organic chemistry, material com-119

position, electrochemistry, chemical reactions, in-120

organic chemistry, and chemical equilibrium. In121

summary, VisScience contains 21 subjects across122

the three disciplines of mathematics, physics, and123

chemistry.124

We conduct extensive experiments on VisS-125

cience to evaluate the scientific reasoning abili-126

ties of 25 representative MLLMs. These models127

include close-source LLMs, close-source and open-128

source MLLMs, offering a comprehensive analy-129

sis of their performance across various disciplines130

(See Figure 1). Our experimental results reveal sev-131

eral key insights: (1) Closed-source models, such132

as Claude 3.5-Sonnet and GPT-4o, consistently133

outperform open-source counterparts, especially134

on high-difficulty questions that require multi-step 135

reasoning or deep conceptual understanding; (2) 136

Model performance varies notably across disci- 137

plines—while models generally perform best on 138

mathematics, physics and chemistry questions ex- 139

pose weaknesses in scientific abstraction and visual 140

grounding; (3) Reasoning errors are the dominant 141

source of failure, often stemming from misinter- 142

pretation of diagrams, incorrect assumptions, or in- 143

complete logical chains. We hope that VisScience 144

can serve as a stepping stone for advancing research 145

in multi-modal scientific understanding. 146

2 VisScience Benchmark 147

2.1 Overview 148

We introduce the VisScience benchmark, a metic- 149

ulously curated collection aimed at evaluating the 150

capabilities of multi-modal large language mod- 151

els (MLLMs) in multi-modal scientific reasoning, 152

with a particular focus on bilingual tasks involving 153

both English and Chinese. This dataset incorpo- 154

rates textual and visual contexts as inputs and spans 155

three scientific disciplines, including mathematics, 156

physics, and chemistry. Each discipline comprises 157

1,000 questions, meticulously gathered from differ- 158

ent chapters to ensure comprehensive coverage of 159

topics and concepts. The core statistics of the Vis- 160

Science benchmark are presented in Table 1. The 161

distributions of question length in VisScience are 162

provided in Appendix A.1. A detailed introduc- 163

tion of each subjects within the three disciplines is 164

available in Appendix A.2. 165

2.2 Data Generation 166

The goal of the VisScience benchmark is to estab- 167

lish a comprehensive, bilingual (Chinese and En- 168

glish) benchmark for evaluating the capabilities of 169

MLLMs in processing and understanding complex, 170

scientifically-oriented tasks across various disci- 171

plines. In order to achieve this goal, we present a 172

two-stage data generation pipeline to meticulously 173

construct a benchmark dataset comprising 3,000 174

questions, evenly distributed with 1,000 questions 175

each in the fields of mathematics, physics, and 176

chemistry. More cases in VisScience are provided 177

in Appendix B. 178

Data Collection. We gather a total of 450,000 179

questions from the disciplines of mathematics, 180

physics, and chemistry, each enriched with visual 181

information sourced from K12 education. This 182

collection spans a comprehensive range of knowl- 183
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Figure 1: The accuracies of representative MLLMs on VisScience across different subjects

Statistic Number

Total questions 3000
- multiple-choice questions 2,053 (68.4%)
- Free-form questions 947 (31.6%)

Number of categories of math questions 6
Number of categories of physics questions 8
Number of categories of chemistry questions 7
Number of difficulty levels 5

Unique number of images 3,000
Unique number of questions 3,000
Unique number of answers 1,427

Statistics with Chinese Language

Maximum question length 1297
Maximum answer length 112
Maximum choice number 5
Average question length 162.85
Average answer length 20.93

Statistics with English Language

Maximum question length 418
Maximum answer length 92
Maximum choice number 5
Average question length 80.93
Average answer length 12.30

Table 1: Key statistics of VISSCIENCE.

edge points across different chapters, with the diffi-184

culty levels scaled based on education grade. Con-185

sequently, we cluster 150,000 questions per dis-186

cipline and carefully select 1,000 representative187

questions. These questions exemplify a range of188

difficulty levels and a variety of subjects, guided by189

the following principles: (1) Guaranteeing every190

knowledge point is included in VisScience bench-191

mark. (2) Prioritizing the selection of questions192

from high-frequency knowledge points. (3) Ensur-193

ing a mixture of questions across various difficulty194

levels.195

In the end, the VisScience benchmark is con-196

structed with 3,000 questions, with each of the197

three disciplines – mathematics, physics, and chem-198

istry – contributing 1,000 questions. This approach 199

ensures that the benchmark comprehensively cov- 200

ers a wide array of topics within each discipline, 201

reflecting the breadth and depth required for a thor- 202

ough assessment of MLLMs’ capabilities. 203

Data Annotation. To improve the quality of 204

the VisScience benchmark, we conduct multiple 205

checks using both manual reviews and LLM assess- 206

ments to confirm the completeness of each question. 207

For textual content, we check for accuracy, coher- 208

ence and relevance, ensuring that each question 209

aligns with the corresponding scientific discipline 210

and is free of ambiguities. For associated visual 211

content, we rigorously screen out images that are 212

incorrect, unclear, or lacking in detail, retaining 213

only those that are clear and richly informative. 214

To maintain the volume of the VisScience bench- 215

mark, we compensate for questions removed due 216

to incomplete information by selecting new ques- 217

tions on identical topics from the original dataset. 218

This approach ensures that the overall number of 219

questions and the breadth of content coverage are 220

consistently maintained. This verification process 221

guarantees that both the textual and visual com- 222

ponents of the VisScience benchmark is a reliable 223

and effective tool for evaluating the capabilities of 224

MLLMs in scientific reasoning. 225

2.3 Data Analysis 226

We utilize statistical analysis to assess subject distri- 227

butions and difficulty levels within the VisScience 228

benchmark. Figure 2 presents a visual representa- 229

tion of the categorization, illustrating the distribu- 230

tion of questions across different subjects. Figure 3 231

depicts the distribution of questions based on dif- 232

ficulty levels, ranging from 1 to 5. Additionally, a 233

comparative analysis between VisScience and other 234

benchmarks is presented in Appendix C. 235
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(a) Mathematics (b) Physics (c) Chemistry

Figure 2: The distribution of detailed subjects in the each discipline within the VisScience benchmark.

TotalTotal level1level1
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Figure 3: The distribution of difficulty levels in the each discipline within the VisScience benchmark.

Subject Distributions. To categorize each disci-236

pline into more detailed subjects, we first utilize237

LLM to segment the overall discipline into specific238

topics based on knowledge points and terminolo-239

gies presented in the questions. Subsequently, we240

conduct a manual review of these categories to con-241

firm its rationality and appropriateness, ensuring242

that each question is accurately categorized. As243

shown in Figure 2, the mathematical part of the244

VisScience benchmark is divided into six subjects,245

i.e., plane geometry (43.6%), algebraic operations246

(15.4%), functions and equations (12%), probabil-247

ity and statistics (11.8%), solid geometry (10.9%),248

and combinatorial mathematics (6.3%). Further-249

more, the distributions for physics and chemistry250

disciplines are presented in the figure, providing a251

comprehensive overview of the scope of the VisS-252

cience benchmark within these scientific fields.253

Difficulty Levels. To classify the questions into254

distinct difficulty levels, we first utilize LLM for255

the initial sorting, and then conduct a manual veri-256

fication. The questions within each discipline are257

stratified into five difficulty levels ranging from 1258

to 5, defined as follows: Basic, Easy, Intermediate,259

Advanced, and Expert. Figure 3 shows the distribu-260

tion of difficulty levels, providing a visual represen-261

tation of the distribution of questions across differ-262

ent difficulty levels. Each discipline demonstrates a263

unique profile of topic distribution across the diffi- 264

culty levels. For instance, in the field of mathemat- 265

ics, plane geometry is classified at the intermediate 266

level, algebraic operations are positioned at the 267

basic level, and functions and equations appears at 268

the highest difficulty level, reflecting their various 269

placement within educational curricula. In physics, 270

mechanics dominates the introductory level, which 271

belongs to a fundamental concept in physics edu- 272

cation. Electromagnet is positioned at the highest 273

difficulty level, demanding the application of vari- 274

ous advanced knowledge points. In the discipline 275

of chemistry, organic chemistry and chemical equi- 276

librium represent the pinnacle of K12 chemical 277

education, requiring deep conceptual understand- 278

ing and the ability to apply knowledge to complex 279

scenarios. 280

3 Experiments 281

3.1 Experimental Setup 282

Models. We conduct our evaluation across a 283

diverse array of models, including close-source 284

text-only LLMs, close-source MLLMs, and open- 285

source MLLMs. This comprehensive assessment 286

covers 25 models and the sources of models is 287

reported in Appendix D.1. 288

Evaluation Details. The evaluation process is con- 289
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ducted through two steps: generation and judgment.290

During the generation phase, the models are tasked291

with producing responses based on a set of ques-292

tions. For zero-shot setting, we directly prompt293

the models with these questions without any exam-294

ples. For 2-shot Chain-of-Thought (CoT) setting,295

we provide the models with two relevant examples296

before they are prompted with the questions. For297

MLLMs, we supply the models with the textual298

questions and the corresponding image to obtain299

their responses. During the judgment phase, we300

utilize GPT-4o to evaluate the models’ responses301

by comparing them with the standard answers to302

assess consistency. This phase involves calculating303

the accuracy across different subjects and levels.304

The prompts used in two phases is defined in Ap-305

pendix D.2.306

3.2 Overall Experimental Results307

Table 2 demonstrates the performance of several308

models on VisScience within the version of the309

Chinese language. Experimental results show310

that the close-source models achieves best per-311

formance on VisScience. Specifically, Claude3.5-312

Sonnet achieves an accuracy of 53.4% in mathemat-313

ics, GPT-4o attains a 38.2% accuracy in physics,314

and Gemini-1.5-Pro accomplishes an accuracy of315

47.0% in chemistry. Among open-source models,316

InternVL-1.2-Plus stands out, demonstrating robust317

capabilities across various scientific disciplines318

with accuracies of 30.1% in mathematics, 24.8% in319

physics, and 31.2% in chemistry. Despite this, there320

is a notable disparity in performance between close-321

source and open-source models, with close-source322

models generally exhibiting superior performance.323

The performance of InternVL-1.2-Plus, although324

trailing behind the advanced close-source models325

such as GPT-4o, Claude3.5-Sonnet, and Gemini-326

1.5-Pro, showing significant potential for improve-327

ment. Notably, the performance in physics under-328

scores unique challenges that necessitate targeted329

improvements in model training. This discipline330

often involves the interpretation of conceptual and331

numerical data, challenging the reasoning and com-332

putational abilities of MLLMs. As evidenced in333

Table 2, even advanced models like GPT-4o achieve334

relatively lower accuracies in physics compared to335

other disciplines. Results on VisScience with the336

version of the English language are provided in337

Appendix E.1.338

3.3 Results on Different Subjects. 339

The mathematical part of VisScience encompasses 340

a wide range of subjects, including plane geometry, 341

solid geometry, functions and equations, algebraic 342

operations, probability and statistics, and combina- 343

torial mathematics. Table 3 reports the comprehen- 344

sive results across different mathematical subjects. 345

It is evident that models like Claude3.5-Sonnet and 346

GPT-4o in close-source MLLMs excel across mul- 347

tiple subjects, particularly in functions and equa- 348

tions, probability and statistics, and algebraic op- 349

erations. Conversely, open-source models show a 350

more varied performance with notable strengths in 351

certain areas but generally lower scores compared 352

to close-source models. For instance, InternVL-1.2- 353

Plus and InternVL-Chat-V1.5 perform relatively 354

well in plane geometry, and functions and equa- 355

tions. These detailed performance on different 356

subjects provide valuable insights into the specific 357

strengths and weaknesses of various MLLMs. Ad- 358

ditionally, results on physics and chemistry across 359

different subjects are presented in Appendix E.2 360

and Appendix E.3, respectively. 361

3.4 Analysis of Results 362

To analyze the causes of errors in model responses, 363

we meticulously review incorrect answers to iden- 364

tify common patterns. We specifically focus on 365

GPT-4o to illustrate specific instances of errors and 366

their distributions across the disciplines of mathe- 367

matics, physics, and chemistry. Figure 4 demon- 368

strates the distributions of these errors, categoriz- 369

ing them into several types such as reasoning error, 370

knowledge error, calculation error, vision recogni- 371

tion error, and question misunderstood error. No- 372

tably, across all disciplines, reasoning errors are the 373

most prevalent, indicating a challenge in model’s 374

ability to solve scientific problems that involve vi- 375

sual information. Specifically, reasoning errors ac- 376

count for 56.5% of the total errors in mathematics, 377

50.1% in physics, and 40.6% in chemistry, respec- 378

tively. This is followed by knowledge error, which 379

is particularly significant in chemistry, constituting 380

33.2% of the errors in that discipline. Similarly, 381

knowledge error also represent the second most 382

common error type in physics. However, knowl- 383

edge error in mathematics is less prevalent, making 384

up only 8.8% of the total errors. This indicates 385

that while the model struggle with conceptual and 386

fundamental principles in chemistry and physics, 387

it demonstrate a better grasp of mathematical con- 388
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Model LLM Input Mathematics Physics Chemistry

Close Source Models (APIs)

Text-only LLMs
Zero-shot ChatGPT - Q 22.4 22.7 18.6

Zero-shot GPT-4 - Q 25.9 30.4 33.1
Zero-shot Claude-2 - Q 27.3 22.0 24.4

Zero-shot Claude3-Opus - Q 29.3 30.8 32.5
Zero-shot Claude3.5-Sonnet - Q 29.7 35.3 36.9

Zero-shot GPT-4o - Q 31.1 38.0 39.6
2-shot CoT Claude2 - Q 27.8 21.7 23.9
2-shot CoT ChatGPT - Q 20.2 18.6 21.3

2-shot CoT GPT-4 - Q 32.1 31.5 32.4

Multi-modal LLMs
Gemini-1.0-Pro - Q, I 26.6 23.70 27.8
Gemini-1.5-Pro - Q, I 49.4 38.1 47.0

GPT-4o - Q, I 51.7 38.2 41.6
GPT-4o-mini - Q, I 42.6 29.8 28.4

Qwen-VL-Max - Q, I 35.5 30.70 42.5
Qwen-VL-Plus - Q, I 27.6 26.5 37.7

Claude3.5-Sonnet - Q, I 53.4 38.0 43.1
Claude-3 opus - Q, I 34.4 31.1 34.1

GLM-4V - Q, I 24.2 19.2 25.0
Step-1V - Q, I 28.1 23.5 25.0

Open Source Models

General Multi-modal LLMs
mPLUG-Owl LLaMA-7B Q, I 7.6 8.3 9.5

LLaMA-Adapter-V2 LLaMA-7B Q, I 9.6 10.3 10.8
MiniCPM-Llama3-V2.5 LLaMA3-8B Q, I 15.4 17.9 19.5

LLaVA-1.5 Vicuna-13B Q, I 15.5 15.2 18.8
LLaVA-1.5 Vicuna-7B Q, I 13.0 13.5 16.0

DeepSeek-VL DeepSeek-LLM-7B Q, I 8.3 16.8 21.0
ShareGPT4V Vicuna-7B Q, I 15.7 14.0 19.0
ShareGPT4V Vicuna-13B Q, I 16.4 14.9 18.4
SPHINX-Plus LLaMA2-13B Q, I 17.0 15.3 20.4
InternLM-XC2 InternLM2-7B Q, I 24.9 18.3 25.6

InternVL-1.2-Plus Nous-Hermes-2-Yi-34B Q, I 30.1 24.8 31.2
InternVL-Chat-V1.5 Mixtral 8*7B Q, I 26.9 20.8 23.7

CogVLM Vicuna-7B Q, I 16.7 14.5 17.0
CogVLM2 LLaMA-3-8B Q, I 23.2 14.4 21.0

GLM-4V-9B GLM-4-9B Q, I 24.7 19.3 22.5
InternVL2-8B InternLM2-7B Q, I 28.5 24.4 27.8
Qwen2-VL-7B Qwen2-7B Q, I 27.1 6.3 4.5
InternVL2.5-8B InternLM2-7B Q, I 29.3 23.8 29.9
Qwen2.5-VL-7B Qwen2.5-7B Q, I 38.2 7.1 5.0

Table 2: Results on VisScience within the version of the Chinese language across the disciplines of mathematics,
physics, and chemistry. For input, Q represents for question, I represents for image. The highest scores among
close-source and open-source models are highlighted in red and blue, respectively.

cepts. Vision recognition error is another signif-389

icant type of error, accounting for 18.8% of the390

errors in mathematics, making it the second most391

prevalent error type in this discipline. This error cat-392

egory is also significant in physics and chemistry,393

where it constitutes 17.8% and 15.3% of the er-394

rors, respectively. This type of error highlights the395

challenges faced by the model in processing and396

understanding visual information. Furthermore,397

calculation error accounts for a small portion of398

the errors, especially in chemistry, indicating that 399

the model excels particularly in handling numeri- 400

cal computations. More detailed examples of these 401

errors can be found in Appendix F. 402

4 Related Works 403

Multi-modal Reasoning Benchmarks. Re- 404

cently, the evaluation of multi-modal large lan- 405

guage models (MLLMs) (OpenAI, 2023; Team 406
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Model Mathematics
ALL PlaneG SolidG Fun Alg Stat Comb

Close Source Models (APIs)

Text-only LLMs
Zero-shot ChatGPT 22.40 20.18 11.93 18.33 13.63 15.25 26.98

Zero-shot GPT-4 25.90 30.73 18.35 28.33 17.53 24.58 33.33
Zero-shot Claude-2 27.30 27.06 25.69 25.83 31.17 31.36 25.40

Zero-shot Claude3-Opus 29.30 30.28 21.10 32.50 27.27 34.75 31.75
Zero-shot Claude3.5-Sonnet 29.70 33.94 15.60 33.33 27.27 27.12 34.92

Zero-shot GPT-4o 31.10 36.24 24.77 35.83 25.32 24.58 31.75
2-shot CoT Claude2 27.80 30.05 26.61 25.00 28.57 27.97 26.98
2-shot CoT ChatGPT 20.20 23.17 20.18 19.17 17.53 22.88 14.29

2-shot CoT GPT-4 32.10 37.16 31.19 28.33 22.08 30.51 38.10

Multi-modal LLMs
Gemini-1.0-Pro 26.60 24.08 22.02 23.73 35.71 29.66 34.92
Gemini-1.5-Pro 49.40 48.74 33.03 47.06 61.69 55.93 52.38

GPT-4o 51.70 48.17 44.04 57.50 68.18 56.78 41.27
GPT-4o-mini 42.60 41.28 29.36 44.17 54.55 44.92 38.10

Qwen-VL-Max 35.50 34.86 27.52 35.83 50.00 33.05 26.98
Qwen-VL-Plus 27.60 27.98 18.35 29.17 31.17 35.59 20.63

Claude3.5-Sonnet 53.40 50.23 35.78 57.50 74.03 63.56 39.68
Claude3-Opus 34.40 35.31 24.77 29.17 45.45 35.59 31.75

GLM-4V 24.20 28.57 30.28 22.50 20.26 21.37 17.46
Step-1V 28.10 31.68 24.71 23.15 48.85 40.57 22.64

Open Source Models

General Multi-modal LLMs
mPLUG-Owl 7.60 6.19 10.09 5.00 12.34 7.63 7.94

LLaMA-Adapter-V2 9.60 10.78 10.09 7.50 9.09 13.56 4.76
MiniCPM-Llama3-V2.5 15.40 23.62 19.27 15.83 26.62 26.27 15.87

LLaVA-1.5-13B 15.50 15.83 15.60 12.50 18.83 14.41 14.29
LLaVA-1.5-7B 13.00 12.84 12.84 15.83 14.29 11.86 11.11
DeepSeek-VL 8.30 13.99 8.26 10.00 11.04 10.17 7.94

ShareGPT4V-7B 15.70 16.06 16.51 13.33 14.29 17.80 17.46
ShareGPT4V-13B 16.40 15.60 11.93 19.17 17.53 22.03 14.29

SPHINX-Plus 17.00 21.79 19.27 15.83 20.13 22.88 7.94
InternLM-XC2 24.90 25.92 22.02 22.50 27.92 27.97 20.63

InternVL-1.2-Plus 30.10 34.40 25.69 30.00 29.87 26.27 23.81
InternVL-Chat-V1.5 26.90 28.44 25.69 23.33 29.87 24.58 26.98

CogVLM 16.70 16.06 23.85 17.50 17.53 13.56 19.05
CogVLM2 23.20 21.56 22.02 29.17 22.73 26.27 20.63

GLM-4V-9B 14.70 25.23 20.18 19.17 27.27 33.05 19.05
InternVL2-8B 29.20 32.85 25.52 29.76 27.55 29.73 24.32
Qwen2-VL-7B 27.33 30.53 25.27 27.54 25.31 28.66 23.09
InternVL2.5-8B 29.89 33.98 25.39 29.95 28.61 31.55 25.72
Qwen2.5-VL-7B 37.25 41.74 22.94 27.50 44.16 39.83 38.10

Table 3: Results on the mathematical part of VisScience across different subjects. Subjects: PlaneG: plane
geometry, SolidG: solid geometry, Fun: functions and equations, Alg: algebraic operations, Stat: probability and
statistics, Comb: combinatorial mathematics. The highest scores among close-source and open-source models are
highlighted in red and blue, respectively.

et al., 2023; Anthropic, 2024; Bai et al., 2023b;407

Wang et al., 2023a; Liu et al., 2024a,b) in various408

reasoning tasks has become increasingly crucial.409

So many benchmark datasets for these tasks span410

several categories are proposed like MME (Fu et al.,411

2023), MMMU (Yue et al., 2024), MMBench (Liu412

et al., 2023), MMStar (Chen et al., 2024a), SEED-413

Bench (Li et al., 2023a), and CMMMU (Zhang414

et al., 2024a), which evaluate models’ capabili-415

ties to apply logic and inference; mathematical 416

reasoning; scientific reasoning, and agent-based 417

reasoning. MMMU covers university-level ques- 418

tions from six domains, which is utilized to as- 419

sess MLLMs’ advanced perception and reasoning 420

abilities. CMMMU (Zhang et al., 2024a) eval- 421

uates models’ reasoning abilities across various 422

disciplines through bilingual multi-modal ques- 423

tions in Chinese and English. Existing bench- 424
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Figure 4: Error distributions of GPT-4o on VisScience across the disciplines of mathematics, physics, and chemistry.

mark like ScienceQA (Lu et al., 2022) is a spe-425

cialized dataset designed to evaluate the capabil-426

ities of MLLMs, particularly in the domain of427

scientific reasoning. Furthermore, several bench-428

marks such as MathVista (Lu et al., 2023), Math-429

Verse (Zhang et al., 2024b), and MATH-Vision430

(MATH-V) (Wang et al., 2024) are specially de-431

signed to evaluate the mathematical reasoning ca-432

pabilities of MLLMs. While these benchmarks433

are valuable, they present limitations such as an434

overemphasis on mathematics and a broad array435

of topics that often lack depth in science-related436

questions and exhibit uneven difficulty levels. Our437

dataset addresses these shortcomings by providing438

3,000 scientific reasoning questions across mathe-439

matics, physics, and chemistry, which is collected440

from K12 education. Additionally, it includes bilin-441

gual questions in Chinese and English, enriching442

the knowledge base and offering a more extensive443

range of difficulty levels to create a more compre-444

hensive evaluation platform.445

Multi-modal Large Language Models. Recently,446

the success of large language models (LLMs) (Du447

et al., 2021; Zeng et al., 2022; Achiam et al.,448

2023; Gao et al., 2023; GLM et al., 2024; Bai449

et al., 2023a) has spurred the ongoing development450

of multi-modal large language models (MLLMs).451

These MLLMs (Liu et al., 2024b; Liu et al.; Wang452

et al., 2023a; Li et al., 2023b; Dai et al., 2024; Bai453

et al., 2023a) expand upon traditional LLM capa-454

bilities by integrating the ability to process and455

analyze both text and images. Currently, close-456

source MLLMs like Gemini (Team et al., 2023),457

GPT-4v (OpenAI, 2023), Qwen-VL (Bai et al.,458

2023b), and Claude3 (Anthropic, 2024) demon-459

strate impressive capabilities in general image un-460

derstanding and scientific reasoning. Besides, the461

development of open-source multi-modal large lan-462

guage models (MLLMs) continues to expand, pro-463

viding an important complement to their closed- 464

source models. These open-source MLLMs, such 465

as mPLUG-Owl (Ye et al., 2023, 2024), LLaMA- 466

Adapter-V2 (Gao et al., 2023), MiniCPM (Hu 467

et al., 2024), LLaVA-1.5 (Liu et al., 2024a), 468

LLaVA-NeXT (Liu et al.), DeepSeek-VL (Lu 469

et al., 2024), ShareGPT4V (Chen et al., 2023a), 470

SPHINX (Gao et al., 2024), InternVL (Chen 471

et al., 2023b), InternVL 1.5 (Chen et al., 2024b), 472

InternLM-XComposer2 (Dong et al., 2024), and 473

CogVLM (Wang et al., 2023a), also achieves ad- 474

vance performance, further enriching the landscape 475

of MLLM domain. Here, we utilize our specially 476

curated benchmark VisScience to evaluate these 477

MLLMs across tasks in mathematics, physics, and 478

chemistry. This comprehensive evaluation aims to 479

assess their capabilities in scientific reasoning. 480

5 Conclusion 481

In this paper, we introduce a comprehensive bench- 482

mark, VisScience, designed to evaluate the ca- 483

pabilities of multi-modal large language models 484

(MLLMs) in scientific reasoning across mathemat- 485

ics, physics, and chemistry. VisScience consists 486

of 3,000 questions, evenly distributed across these 487

three disciplines, spanning 21 subjects and catego- 488

rized into five difficulty levels. We conduct evalu- 489

ations using VisScience on 25 prominent models, 490

including both closed-source and open-source vari- 491

ants. The experimental results reveal that model 492

performance is not uniformly correlated with ques- 493

tion complexity. Surprisingly, models often fail 494

simpler problems that require basic scientific in- 495

tuition or conceptual understanding, especially in 496

lower-grade physics and chemistry topics. By of- 497

fering a challenging set of questions across var- 498

ied scientific fields, VisScience provides a robust 499

benchmark for assessing the scientific reasoning 500

abilities of MLLMs. 501
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Limitations502

Despite the effectiveness of our proposed bench-503

mark and evaluation framework, several limitations504

remain. First, the evaluation of open-ended re-505

sponses depends on a single automatic judge (e.g.,506

GPT-4o), which may introduce stylistic or reason-507

ing biases, especially when assessing models with508

different output formats or alignment strategies.509

This automated evaluation, while scalable, lacks510

the nuanced judgment of human assessors and may511

not fully capture the correctness or reasoning depth512

of each response. Second, while our benchmark513

includes multiple disciplines and difficulty levels,514

it is still grounded in K12 curricula from specific515

educational contexts. As such, it may not fully516

represent the diversity of global science education517

standards or real-world applications of scientific518

reasoning. Further efforts are needed to extend519

coverage to additional domains such as biology,520

engineering, and environmental science.521
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A Dataset Details770

A.1 Question Length Distribution771

We provide both Chinese and English versions of772

the VisScience benchmark. The Chinese version773

features an average of 162.85 words per question,774

with the longest question comprising 1,297 words.775

Answers in this version average 20.93 words, with776

the longest reaching 112 words. Conversely, the777

English version shows an average of 80.93 words778

per question, with the longest question spanning779

418 words. Answers here average 12.3 words, with780

the most detailed answer containing 92 words. Fig-781

ure 5 depicts the distribution of word counts, high-782

lighting the diversity and complexity of questions.783

A.2 Detailed Description of Subjects784

VisScience consists of three disciplines: mathe-785

matics, physics, and chemistry. The mathematics786

section includes six subjects: algebraic operations,787

combinatorial mathematics, functions and equa-788

tions, probability and statistics, plane geometry,789

and solid geometry. The physics section is com-790

posed of eight subjects: mechanics, optics, modern791

physics, mechanical motion, electromagnetism, vi-792

brations and waves, comprehensive experiments793

and methods, and thermodynamics. The chemistry794

section includes seven subjects: chemical experi-795

ments, chemical reactions, inorganic chemistry, or-796

ganic chemistry, electrochemistry, substance com-797

position, and chemical equilibrium. A more de-798

tailed introduction of the above subjects is pre-799

sented as follows:800

A.2.1 Mathematics801

Algebraic Operations. Algebraic operations in-802

clude the manipulation of algebraic expressions,803

such as addition, subtraction, multiplication, and di-804

vision. They are fundamental for solving algebraic805

equations and inequalities and are widely applied806

across various fields of mathematics.807

Combinatorial Mathematics. Combinatorial808

mathematics studies the counting, arrangement,809

and combination of discrete structures, involving810

graph theory, number theory, and coding theory. It811

has significant applications in computer science,812

optimization, and probability theory.813

Functions and Equations. Functions and equa-814

tions are core parts of mathematics, dealing with815

relationships between variables and their represen-816

tations. Functions are mappings between inputs817

and outputs, while equations are equalities con- 818

cerning these mappings. Mastering knowledge of 819

functions and equations is fundamental for solving 820

many practical problems and is widely applied in 821

engineering, physics, and economics. 822

Probability and Statistics. Probability and statis- 823

tics study the laws of random events and methods 824

of data analysis, including probability distributions, 825

statistical inference, and data analysis techniques. 826

They have broad applications in scientific research, 827

engineering, and economics. 828

Plane Geometry. Plane geometry studies the 829

shapes and figures in two-dimensional space, in- 830

cluding points, lines, angles, and polygons. It is a 831

fundamental part of mathematics education. 832

Solid Geometry. Solid geometry involves the 833

study of geometric shapes in three-dimensional 834

space, including points, lines, surfaces, and poly- 835

hedra. It examines the properties, volumes, and 836

surface areas of these geometric bodies and is foun- 837

dational for architecture, physics, and engineering. 838

A.2.2 Physics 839

Mechanics. Mechanics studies the motion of ob- 840

jects and the forces acting upon them, including 841

classical mechanics, quantum mechanics, and rela- 842

tivistic mechanics. It is the foundation of physics 843

and is widely applied in engineering, astronomy, 844

and materials science. 845

Optics. Optics studies the properties of light and 846

its interactions with matter, including reflection, 847

refraction, interference, and diffraction. Optical 848

technologies have broad applications in imaging, 849

communication, and laser technology. 850

Modern Physics. Modern physics includes the- 851

ories developed since the 20th century, such as 852

quantum mechanics, relativity, and particle physics. 853

These theories have expanded our understanding 854

of the fundamental laws of nature. 855

Mechanical Motion. Mechanical motion stud- 856

ies the movement of objects under the influence of 857

forces, including linear motion, rotational motion, 858

and vibration. Understanding mechanical motion 859

is fundamental for the design and analysis of me- 860

chanical systems. 861

Electromagnetism. Electromagnetism studies the 862

interactions between electric and magnetic fields, 863

including electrostatics, magnetic fields, and elec- 864

tromagnetic waves. It is the basis of modern 865
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Figure 5: The distributions of word counts per question in the Chinese and English versions of VisScience.

physics and electrical engineering.866

Vibration and Waves. Vibration and waves study867

vibrating systems and wave phenomena, includ-868

ing sound waves, light waves, and electromagnetic869

waves. They have broad applications in communi-870

cation, acoustics, and optical technologies.871

Comprehensive Experiments and Methods.872

Comprehensive experiments and methods involve873

using various experimental techniques and meth-874

ods in physics teaching and research. They include875

designing and conducting experiments to observe876

and analyze the effects of specific variables on out-877

comes. Through comprehensive experiments, stu-878

dents can grasp the complexities of scientific re-879

search, cultivate scientific reasoning abilities, and880

understand the meticulousness and uncertainties of881

experimental work.882

Thermodynamics. Thermodynamics studies the883

processes of energy transformation and transfer,884

including the laws of thermodynamics, thermody-885

namic systems, phase transitions, and heat engines.886

Thermodynamics is a fundamental aspect of both887

physics and engineering, with broad applications888

in energy, environmental science, and materials sci-889

ence. By investigating the relationship between890

internal and external energy of objects, thermody-891

namics reveals the basic principles of energy con-892

version and transfer in nature, providing theoretical893

support for the development of modern industrial894

technology.895

A.2.3 Chemistry896

Chemical Experiment. Chemical experiments897

involve studying the properties and changes of sub-898

stances through experimental methods. Students899

learn to design experiments, observe chemical re-900

actions, collect and analyze data, and draw conclu- 901

sions in chemical experiments. Chemical experi- 902

ments play a crucial role in understanding chemical 903

theories and applying chemical knowledge. 904

Chemical Reaction. Chemical reactions study the 905

chemical changes between substances, including 906

reaction types, mechanisms, and rates. Understand- 907

ing chemical reactions is essential for predicting 908

and controlling chemical processes, which have 909

wide applications in pharmaceutical manufacturing, 910

materials science, and environmental engineering. 911

Inorganic Chemistry. Inorganic chemistry stud- 912

ies the properties and reactions of non-carbon ele- 913

ments and their compounds. It covers a wide range 914

of topics from metals and non-metals to transition 915

metals and coordination compounds and is key to 916

understanding the periodic table of elements and 917

chemical reaction mechanisms. 918

Organic Chemistry. Organic chemistry studies 919

the structure, properties, and reactions of carbon- 920

containing compounds. It has significant applica- 921

tions in pharmaceutical chemistry, materials sci- 922

ence, and biochemistry. 923

Electrochemistry. Electrochemistry studies the 924

interconversion between electrical and chemical 925

energy, including processes such as batteries, elec- 926

trolysis, and electroplating. Electrochemistry has 927

important applications in energy storage, corrosion 928

control, and electrochemical sensors. 929

Substance Composition. Substance composi- 930

tion studies the chemical composition and struc- 931

ture of substances, including the arrangement of 932

molecules, atoms, and ions. It has important appli- 933

cations in chemistry, materials science, and biol- 934

ogy. 935
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Chemical Equilibrium. Chemical equilibrium936

studies the behavior of chemical reactions when937

they reach a dynamic equilibrium state, including938

equilibrium constants, Le Chatelier’s principle, and939

solubility equilibrium. Understanding chemical940

equilibrium is essential for predicting reaction di-941

rections and optimizing chemical processes.942

B Dataset Case943

The VisScience dataset consists of 3,000 carefully944

selected high-quality questions, evenly distributed945

across three disciplines: mathematics, physics, and946

chemistry, with each comprising 1,000 questions.947

Each discipline within VisScience encompasses948

several subjects: mathematics includes six subjects,949

physics contains eight subjects, and chemistry com-950

prises seven subjects. To illustrate the diversity and951

depth of VisScience, we provide more examples952

sampled from each discipline. In mathematics, six953

subjects include algebraic operations, combinato-954

rial mathematics, functions and equations, prob-955

ability and statistics, plane geometry, and solid956

geometry are illustrated in Figure 6 to Figure 11.957

Figure 12 to Figure 18 demonstrate eight subjects958

within the physics section of VisScience, compris-959

ing mechanics, optics, modern physics, mechanical960

motion, electromagnetism, vibrations and waves,961

comprehensive experiments and methods, and ther-962

modynamics. The chemistry section includes seven963

subjects: chemical experiments, chemical reac-964

tions, inorganic chemistry, organic chemistry, elec-965

trochemistry, substance composition, and chemical966

equilibrium, which are illustrated in Figure 19 to967

Figure 25.968

C Comparison with Other Benchmarks969

We compare the VisScience benchmark with 5970

existing benchmarks, including MathVista (Lu971

et al., 2023), Math-Vision (Wang et al., 2024), CM-972

MMU (Zhang et al., 2024a), ScienceQA (Lu et al.,973

2022), and SciBench (Wang et al., 2023b).974

VisScience vs MathVista. MathVista is a com-975

prehensive multi-modal benchmark for mathemat-976

ical reasoning, comprising data from 28 existing977

datasets and 3 newly collected datasets. In Math-978

Vista, the majority of questions are annotated af-979

ter collecting images, which results in a certain980

homogeneity within the data. In contrast, VisS-981

cience directly collects its questions from K12 ed-982

ucation, featuring an average question length of983

80.93 words. Such questions provide more contex-984

tual information, which facilitate a more thorough 985

evaluation of the models’ reasoning capabilities. 986

Unlike MathVista that encompasses only seven sub- 987

jects within mathematics, VisScience offers a far 988

broader scope, including 22 distinct subjects across 989

mathematics, physics, and chemistry. Furthermore, 990

VisScience distinguishes itself by being a bilingual 991

benchmark, including both Chinese and English 992

versions of questions. This feature is particularly 993

advantageous as it assesses MLLMs’ capabilities 994

in scientific reasoning across different languages. 995

VisScience vs Math-Vision. Math-Vision is a 996

mathematics benchmark derived from 19 compe- 997

titions, covering 16 topics across 5 levels of diffi- 998

culty. Different from Math-Vision that collected 999

from competitions, VisScience spans a broader edu- 1000

cational spectrum, incorporating a natural gradient 1001

of difficulty from elementary school to high school. 1002

Furthermore, VisScience extends beyond mathe- 1003

matics to include questions from physics and chem- 1004

istry, significantly broadening its scope and appli- 1005

cability. While Math-Vision primarily focuses on 1006

the unique challenges of competitive environments, 1007

VisScience is grounded in real-world educational 1008

settings. 1009

VisScience vs CMMMU. CMMMU comprises 1010

12,000 manually collected multi-modal questions 1011

from university exams, quizzes, and textbooks, 1012

which covers 6 core subjects and 30 specific fields. 1013

Similar to VisScience, CMMMU is a bilingual 1014

benchmark, offering questions in both Chinese and 1015

English. Within this dataset, only 1,601 questions 1016

are dedicated to the disciplines of mathematics, 1017

physics, and chemistry, accounting for only 13.34% 1018

of the total dataset. VisScience features a total of 1019

3,000 questions, significantly outnumbering those 1020

in CMMMU dedicated to the same subjects. The 1021

questions in CMMMU are set at the university 1022

level, characterized by high difficulty, demanding 1023

that the model possesses substantial professional 1024

domain knowledge and expert-level reasoning abil- 1025

ities. In contrast, VisScience comes from K12 ed- 1026

ucation, with a broader range of difficulty. This 1027

range allows VisScience to more comprehensively 1028

evaluate MLLMs’ capabilities across different edu- 1029

cational stages. 1030

VisScience vs ScienceQA. ScienceQA is a 1031

newly developed benchmark featuring approxi- 1032

mately 21,000 multimodal multiple-choice ques- 1033

tions across a variety of science topics. In the 1034
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ScienceQA dataset, 30.8% of questions incorpo-1035

rate both image and text contexts, providing a mul-1036

timodal benchmark to test MLLMs in scientific1037

reasoning. The questions in ScienceQA have an1038

average length of only 12.11 words. In contrast,1039

VisScience also serves as a benchmark for evalu-1040

ating the scientific reasoning abilities of MLLMs,1041

but it typically features longer and more textually1042

detailed questions. Specifically, the Chinese ver-1043

sion of VisScience has an average question length1044

of 162.85 words, providing a more comprehen-1045

sive and intricate testing ground for evaluating the1046

depth of detailed reasoning in MLLMs. Addition-1047

ally, VisScience contains mathematical problems,1048

further enriching the benchmark’s scope by testing1049

MLLMs on their mathematical problem solving1050

capabilities alongside their scientific reasoning.1051

VisScience vs SciBench. SciBench is a bench-1052

mark developed to evaluate the reasoning capa-1053

bilities of LLMs in solving collegiate-level scien-1054

tific problems within the domains of mathematics,1055

chemistry, and physics. The majority of the data1056

in SciBench focuses on assessing the scientific rea-1057

soning of LLMs, it only includes 177 problems1058

that incorporate visual elements to evaluate the1059

performance of MLLMs. In contrast, VisScience1060

is primarily focused on multimodal scientific rea-1061

soning, covering similar subjects such as mathe-1062

matics, chemistry, and physics. VisScience differ-1063

entiates itself by offering a more comprehensive1064

range of difficulty levels and subjects, making it a1065

broader benchmark for assessing the capabilities of1066

MLLMs in scientific reasoning.1067

D Evaluation Details1068

D.1 The Sources of Models1069

In Table 4, we present the sources of the models1070

tested on VisScience.1071

D.2 Prompts1072

We introduce the prompts used to guide models in1073

generating responses in Chain-of-Thought (CoT)1074

settings and judging the LLMs’ answers. The spe-1075

cific prompts can be found in Table 5.1076

E More Experimental Results1077

E.1 Results on VisScience in English Version1078

Table 6 reports a comprehensive comparison of1079

various models on the VisScience benchmark in1080

the English version. The benchmark evaluates1081

performance across three disciplines: mathemat- 1082

ics, physics, and chemistry. Among close-source 1083

models, GPT-4o demonstrates the highest perfor- 1084

mance across two disciplines, achieving an ac- 1085

curacy of 53.6% in mathematics and 42.7% in 1086

physics. However, Claude3.5-Sonnet surpasses 1087

GPT-4o in chemistry with a higher accuracy of 1088

43.6%. Open-source models generally show lower 1089

performance compared to close-source counter- 1090

parts. Notably, InternVL-1.2-Plus displays compet- 1091

itive performance, reaching up to 26.0% in mathe- 1092

matics, 23.6% in physics, and 27.8% in chemistry. 1093

The English version of VisScience is designed to 1094

facilitate the evaluation of MLLMs that specialize 1095

in English, assessing their capabilities in scientific 1096

reasoning. 1097

E.2 Results on Physics Across Different 1098

Subjects 1099

Table 7 presents a detailed analysis of various mod- 1100

els on VisScience across different subjects within 1101

the physics section, which includes mechanics, 1102

electromagnetism, thermodynamics, comprehen- 1103

sive experiments and methods, optics, vibration 1104

and waves, modern physics, and mechanical mo- 1105

tion. The table highlights that while GPT-4o ex- 1106

hibits the top performance on the entire physics dis- 1107

cipline, the best performance in individual subjects 1108

varies notably. For instances, Claude3.5-Sonnet 1109

excels specifically in modern physics with an ac- 1110

curacy of 66.67%, significantly surpassing other 1111

close-source models in this area. This variation 1112

in performance by subject underscores the special- 1113

ized capabilities of different models. Moreover, 1114

this detailed analysis provides more insights, em- 1115

phasizing the need for targeted improvements to 1116

achieve balanced performance across all physics 1117

subjects. 1118

E.3 Results on Chemistry Across Different 1119

Subjects 1120

Table 8 presents a nuanced view of the performance 1121

of various models across different subjects within 1122

the chemistry discipline of the VisScience bench- 1123

mark. The chemistry discipline includes chemi- 1124

cal experiment, chemical reaction, inorganic chem- 1125

istry, electrochemistry, organic chemistry, chemical 1126

equilibrium, and substance composition. Notably, 1127

Gemini-1.5-Pro stands out among close-source 1128

models, excelling across the entire chemistry dis- 1129

cipline. It demonstrates particular prowess in or- 1130

ganic chemistry and substance composition, achiev- 1131
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Model Input LLM Size Source

Closed Source Models

Text-only LLMs
ChatGPT Q - gpt-3.5-turbo

GPT-4 Q - gpt-4
Claude-2 Q - claude-2

Multi-modal LLMs
Gemini-1.0-Pro Q, I - gemini-pro
Gemini-1.5-Pro Q, I - gemini-1.5-pro

GPT-4o Q, I - gpt-4o
Claude3-Opus Q, I - claude-3-opus-20240229

Claude3.5-Sonnet Q, I - claude-3-5-sonnet-2024620
Qwen-VL-Plus Q, I - qwen-vl-plus
Qwen-VL-Max Q, I - qwen-vl-max

GLM-4V Q, I - glm-4v
Step-1V Q, I - step-1v

Open Source Models

General Multi-modal LLMs
mPLUG-Owl Q, I 7B mPLUG-Owl
DeepSeek-VL Q, I 7B deepseek-vl-7b-base

LLaMA-Adapter-V2 Q, I 7B LLaMA-Adapter V2
LLaVA-1.5 Q, I 7B LLaVA-v1.5-7B
LLaVA-1.5 Q, I 13B LLaVA-v1.5-13B

ShareGPT-4V Q, I 7B ShareGPT4V-7B
ShareGPT-4V Q, I 13B ShareGPT4V-13B
GLM-4v-9B Q, I 7B GLM-4v-9B

SPHINX-Plus Q, I 13B SPHINX-Plus
InternVL-Chat-V1.5 Q, I 20B InternVL 1.5
InternVL-1.2-Plus Q, I 34B InternVL-Chat-V1-2-Plus

InternLM-XC2 Q, I 7B InternLM-XComposer2-VL-7B
CogVLM Q, I 17B CogVLM-17B

CogVLM2 Q, I 19B cogvlm2-llama3-chat-19B
MiniCPM-Llama3-V-2_5 Q, I 19B MiniCPM-Llama3-V 2.5

InternVL2-8B Q, I 8B InternVL2-8B
Qwen2-VL-7B Q, I 7B Qwen2-VL-7B
InternVL2.5-8B Q, I 8B InternVL2.5-8B
Qwen2.5-VL-7B Q, I 7B Qwen2.5-VL-7B

Table 4: The source of the models used in the evaluation.
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Task Prompt

Response
Generation

You are an exceptionally talented
mathematics (physics/chemistry)
instructor. Kindly furnish an
elaborate, step-by-step solution
to the question.

Answer
Judgment

You are a highly skilled math-
ematics (physics/chemistry)
teacher. I will provide you with
a mathematics (physics/chem-
istry) problem, along with its
ground answer and the model
response from the model. Please
determine whether the ground
answer and the model response
are consistent. Note that you do
not need to judge the correctness
of either answer, only whether
they are consistent. If it is a
multiple-choice question, both
answers must choose the exact
same option to be considered
consistent. If it is a calculation
problem, the relative error
between the model response
and the ground answer must be
less than 0.05 to be considered
consistent. If the problem has
multiple sub-questions, each
sub-question’s answer must be
identical for consistency. If you
find them consistent, please
add [Consistent] at the end
of your response. If you find
them inconsistent, please add
[Inconsistent] at the end of your
response.

Table 5: Prompts for response generation and answer
judgment.

ing impressive accuracies of 57.02% and 61.16%, 1132

respectively. Additionally, Qwen-VL-Max leads 1133

in chemical experiment and inorganic chemistry, 1134

achieving the highest accuracies of 46.28% and 1135

51.94%, respectively. Open-source models demon- 1136

strate a range of performances, with InternVL- 1137

1.2-Plus leading this group. It achieves the high- 1138

est open-source accuracy in nearly all subjects. 1139

This comprehensive review of model performances 1140

within the chemistry section of the VisScience 1141

benchmark highlights the need to enhance MLLMs’ 1142

capabilities in scientific domains, ensuring models 1143

are both accurate and adaptable across various dis- 1144

ciplines. 1145

F Error Case 1146

We conduct rigorous tests on a series of open- 1147

source and close-source models on VisScience 1148

and perform a detailed analysis of the models’ re- 1149

sponses. These errors in the models’ answers can 1150

be classified into five categories: reasoning error, 1151

vision recognition error, knowledge error, calcula- 1152

tion error, and question misunderstood error. We 1153

present examples of these five error types across the 1154

disciplines of mathematics, physics, and chemistry, 1155

with a specific focus on errors made by GPT-4o. 1156

Additionally, we demonstrate error examples from 1157

other representative close-source models such as 1158

GLM-4V, Qwen-VL-max, and Claude 3.5, as well 1159

as open-source models like LLAVA-1.5 , GLM-4V- 1160

9B and InternVL-Chat-1.5. Notably, it should be 1161

noted that the types of errors made by these mod- 1162

els in response to the same questions can differ 1163

from those made by GPT-4o. This analysis helps to 1164

underline the varied challenges faced by different 1165

models in processing complex scientific questions, 1166

providing insight into their respective strengths and 1167

limitations. Figure 26 to Figure 27 demonstrate 1168

cases of errors from representative models in the 1169

mathematical part of VisScience. Figure 28 to Fig- 1170

ure 29 show the incorrect answers in the physics 1171

section. Figure 30 to Figure 32 demonstrate the 1172

errors in the chemistry section. 1173

This is an appendix. 1174

1175
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Model LLM Input Mathematics Physics Chemistry

Close Source Models (APIs)

Text-only LLMs
Zero-shot ChatGPT - Q 17.4 20.7 25.2

Zero-shot GPT-4 - Q 29.9 37.7 38.7
Zero-shot Claude-2 - Q 24.6 22.7 25.6

Zero-shot Claude3-Opus - Q 21.7 15.8 29.4
Zero-shot Claude3.5-Sonnet - Q 27.2 35.7 35.2

Zero-shot GPT-4o - Q 35.2 40.3 42.5
2-shot CoT Claude2 - Q 25.7 21.9 24.1
2-shot CoT ChatGPT - Q 24.4 20.1 22.1

2-shot CoT GPT-4 - Q 36.5 39.0 38.1

Multi-modal LLMs
Gemini-1.0-Pro - Q, I 26.4 39.1 27.9
Gemini-1.5-Pro - Q, I 47.8 35.1 39.1

GPT-4o - Q, I 53.6 42.7 43.3
GPT-4o-mini - Q, I 43.2 33.7 34.9

Qwen-VL-Max - Q, I 30.7 26.4 36.3
Qwen-VL-Plus - Q, I 21.9 20.9 29.7

Claude3.5-Sonnet - Q, I 50.8 36.6 43.6
Claude3-Opus - Q, I 34.4 29.4 34.7

GLM-4V - Q, I 23.1 18.5 23.4
Step-1V 7B Q, I 32.0 19.5 27.6

Open Source Models

General Multi-modal LLMs
mPLUG-Owl LLaMA-7B Q, I 7.4 12.3 12.3

LLaMA-Adapter-V2 LLaMA-7B Q, I 12.6 11.4 16.2
MiniCPM-Llama3-V2.5 LLaMA3-8B Q, I 24.4 20.6 24.4

LLaVA-1.5 Vicuna-13B Q, I 15.0 17.4 21.1
LLaVA-1.5 Vicuna-7B Q, I 17.4 16.6 18.9

DeepSeek-VL DeepSeek-LLM-7B Q, I 16.0 16.9 17.8
ShareGPT-4V Vicuna-7B Q, I 14.7 17.7 21.3
ShareGPT-4V Vicuna-13B Q, I 14.5 16.0 20.2
SPHINX-Plus LLaMA2-13B Q, I 17.9 15.7 22.4
InternLM-XC2 InternLM2-7B Q, I 20.7 20.5 25.0

InternVL-1.2-Plus Nous-Hermes-2-Yi-34B Q, I 26.0 23.6 27.8
InternVL-Chat-V1.5 Mixtral 8*7B Q, I 24.9 23.0 25.9

CogVLM Vicuna-7B Q, I 18.5 15.9 23.1
CogVLM2 LLaMA-3-8B Q, I 24.2 16.6 24.9

GLM-4V-9B GLM-4-9B Q, I 24.7 19.2 23.9
InternVL2-8B InternLM2-8B Q, I 25.8 22.1 26.5
Qwen2-VL-7B Qwen2-7B Q, I 24.3 6.5 4.3
InternVL2.5-8B InternLM2-7B Q, I 25.9 23.5 27.7
Qwen2.5-VL-7B Qwen2.5-7B Q, I 37.3 6.8 4.9

Table 6: Results on VisScience within the version of the English language across the disciplines of mathematics,
physics, and chemistry. The highest scores among close-source and open-source models are highlighted in red and
blue, respectively.
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Figure 6: Cases of algebraic operations in mathematical part of VisScience.
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Figure 7: Cases of combinatorial mathematics in mathematical part of VisScience.

20



Car A Car B

km

h

Figure 8: Cases of functions and equations in mathematical part of VisScience.
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Figure 9: Cases of probability and statistics in mathematical part of VisScience.
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Figure 10: Cases of plane geometry in mathematical part of VisScience.
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Figure 11: Cases of solid geometry in mathematical part of VisScience.
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Question

Answer

Question

Answer
B

Question

Answer

As shown in the figure, a bar magnet is placed parallel to the smooth horizontal edge 
AB of the table, with a vertical block at end A. A horizontal spring connects the 
block and the magnet. Currently, a straight conductor CD, with a downward current, 
is placed vertically in front of the magnet and offset towards the South pole with a 
small gap between them. Within a short time after placing CD, the following 
judgments are correct:
A: The length of the spring will increase 
B: The length of the spring will decrease 
C: The magnet will move outward on the table, closer to the straight conductor CD
D: The magnet will move inward on the table, away from the straight conductor CD

BD

Question

Answer

A group used the illustrated equipment to measure the gravitational 
acceleration. The experimental apparatus consists of a base with a 
vertical rod marked with a scale, photoelectric timers A and B, a steel 
ball, and a net pouch. By measuring the average speed of the ball 
between A and B for different displacements, the gravitational 
acceleration can be calculated.\nAnswer the following questions:
(1) In the experiment, keep A fixed, move B down the rod, measure the 
distance h between A and B and the time t the steel ball takes to cover 
this distance. After multiple experiments, a graph of h/t versus t is 
plotted as shown. From the graph, it can be seen that the gravitational 
acceleration g is related to the slope k of the graph by the equation g = , 
and the magnitude of the gravitational acceleration is m/s²;
(2) If another group uses the same experimental setup, keeping B fixed 
while moving A up the rod, they (fill in \"can\" or \"cannot\") measure 
the gravitational acceleration using the above method;
(3) To reduce the measurement error of the gravitational acceleration, 
what methods can be used? (Propose one method).

①2k, 9.60～9.80;
②Can;
③The distance between AB should be as large as possible, and the volume of the steel ball should be as small as 
possible, etc.

As shown in the figure, three identical flat-topped cars a, b, and c are aligned in a straight line and rest on a smooth 
horizontal surface. A child on car c jumps to car b, and then immediately jumps from car b to car a with the same 
horizontal speed relative to the ground. After jumping onto car a, the child remains stationary relative to car a. 
Thereafter ( )
A:a and c have equal speeds 
B:a and b have equal speeds 
C:The speed relationship of the three cars is v_c > v_a＞v_b 
D:a and c move in opposite directions

As shown in the figure, in a vertical plane, a positively charged small ball is tied to 
one end of an inextensible light string of length L, with the other end of the string 
fixed at point O. They are in a uniform electric field, with the direction of the field 
being horizontal to the right and the field strength being E. It is known that the force 
exerted by the electric field on the small ball equals the gravitational force on the 
small ball. Now, the small ball is first pulled to the position P_{1} in the figure, 
making the light string straight and parallel to the field direction, and then the ball is 
released from rest. It is known that when the small ball passes the lowest point, its 
vertical velocity component becomes zero instantaneously due to the tension in the 
string, while the horizontal component remains unchanged (ignoring air resistance). 
The tension T in the string when the small ball reaches point P_{2} at the same 
height as point P_{1} is ( )
A:2mg 
B:3mg 
C:4mg 
D:5mg

CD
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Answer
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C: The magnet will move outward on the table, closer to the straight conductor CD
D: The magnet will move inward on the table, away from the straight conductor CD
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acceleration. The experimental apparatus consists of a base with a 
vertical rod marked with a scale, photoelectric timers A and B, a steel 
ball, and a net pouch. By measuring the average speed of the ball 
between A and B for different displacements, the gravitational 
acceleration can be calculated.\nAnswer the following questions:
(1) In the experiment, keep A fixed, move B down the rod, measure the 
distance h between A and B and the time t the steel ball takes to cover 
this distance. After multiple experiments, a graph of h/t versus t is 
plotted as shown. From the graph, it can be seen that the gravitational 
acceleration g is related to the slope k of the graph by the equation g = , 
and the magnitude of the gravitational acceleration is m/s²;
(2) If another group uses the same experimental setup, keeping B fixed 
while moving A up the rod, they (fill in \"can\" or \"cannot\") measure 
the gravitational acceleration using the above method;
(3) To reduce the measurement error of the gravitational acceleration, 
what methods can be used? (Propose one method).

①2k, 9.60～9.80;
②Can;
③The distance between AB should be as large as possible, and the volume of the steel ball should be as small as 
possible, etc.

As shown in the figure, three identical flat-topped cars a, b, and c are aligned in a straight line and rest on a smooth 
horizontal surface. A child on car c jumps to car b, and then immediately jumps from car b to car a with the same 
horizontal speed relative to the ground. After jumping onto car a, the child remains stationary relative to car a. 
Thereafter ( )
A:a and c have equal speeds 
B:a and b have equal speeds 
C:The speed relationship of the three cars is v_c > v_a＞v_b 
D:a and c move in opposite directions

As shown in the figure, in a vertical plane, a positively charged small ball is tied to 
one end of an inextensible light string of length L, with the other end of the string 
fixed at point O. They are in a uniform electric field, with the direction of the field 
being horizontal to the right and the field strength being E. It is known that the force 
exerted by the electric field on the small ball equals the gravitational force on the 
small ball. Now, the small ball is first pulled to the position P_{1} in the figure, 
making the light string straight and parallel to the field direction, and then the ball is 
released from rest. It is known that when the small ball passes the lowest point, its 
vertical velocity component becomes zero instantaneously due to the tension in the 
string, while the horizontal component remains unchanged (ignoring air resistance). 
The tension T in the string when the small ball reaches point P_{2} at the same 
height as point P_{1} is ( )
A:2mg 
B:3mg 
C:4mg 
D:5mg

CD

Figure 12: Cases of mechanics in physics part of VisScience.
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Figure 13: Cases of modern physics in physics part of VisScience.
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Question

Answer

Question

Answer

From the graph, it can be seen that the elevator first accelerates uniformly upwards, then moves upwards at a 
constant speed, and finally decelerates uniformly upwards, with a maximum speed of 6m/s.
The height of the constant speed upward motion h = 6×4m = 24m.
Therefore, the answer is: 6, 24m.

Question

Answer

To ensure orderly and safe highway traffic, many traffic signs are placed along 
the roadside. 
As shown in the picture, image A is a speed limit sign indicating the maximum 
allowed speed is 80 km/h; image B is a route indicator sign, showing the 
distance of 100 km to Hangzhou. The physical meanings of the two data 
mentioned are ( )
A: 80 km/h is average speed 
B: 80 km/h is instantaneous speed 
C: 100 km is displacement 
D: 100 km is distance

Solution: The maximum allowable speed represents the speed at a certain position, which is the instantaneous speed, so 
80 km/h refers to the instantaneous speed;
There are still 100 km to Hangzhou, and 100 km is the length of the trajectory, which is the distance. Therefore, BD is 
correct, and AC is incorrect.
The answer is: BD

Question

Answer

The value of the area enclosed by the velocity-time graph of a particle's 
straight-line motion and the coordinate axes is equal to the 
displacement of the particle during that period. This holds true not only 
for uniform linear motion and uniformly accelerated linear motion but 
also for any variable motion. The figure shows the velocity-time graph 
of a certain particle during the 0-4s interval of straight-line motion. 
According to the graph, the displacement of the particle during this 
period is closest to ( )
A:15m 
B:13m 
C:11m 
D:7m

Solution: The area enclosed by the graph line and the time axis is approximately 15 squares, so the displacement is: 
x=15×1×1m=15m.
Thus, the answer is: A.

In the four images shown in , the one that represents an object in uniform accelerated linear motion is ( )

As shown in the figure is the v-t graph of an elevator moving upward, the 
maximum speed of the object's motion equals m/s, and the height of 
uniform ascent equals ( ).

C

A B C D
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Solution: The maximum allowable speed represents the speed at a certain position, which is the instantaneous speed, so 
80 km/h refers to the instantaneous speed;
There are still 100 km to Hangzhou, and 100 km is the length of the trajectory, which is the distance. Therefore, BD is 
correct, and AC is incorrect.
The answer is: BD
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Answer

The value of the area enclosed by the velocity-time graph of a particle's 
straight-line motion and the coordinate axes is equal to the 
displacement of the particle during that period. This holds true not only 
for uniform linear motion and uniformly accelerated linear motion but 
also for any variable motion. The figure shows the velocity-time graph 
of a certain particle during the 0-4s interval of straight-line motion. 
According to the graph, the displacement of the particle during this 
period is closest to ( )
A:15m 
B:13m 
C:11m 
D:7m

Solution: The area enclosed by the graph line and the time axis is approximately 15 squares, so the displacement is: 
x=15×1×1m=15m.
Thus, the answer is: A.

In the four images shown in , the one that represents an object in uniform accelerated linear motion is ( )

As shown in the figure is the v-t graph of an elevator moving upward, the 
maximum speed of the object's motion equals m/s, and the height of 
uniform ascent equals ( ).

C

A B C D

Figure 14: Cases of mechanical motion in physics part of VisScience.
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Question

Answer

Question

Answer
A

Question

Answer

As shown in the figure, there is a uniform magnetic field with a magnetic induction 
intensity B=1T. A wire with a length of L=0.1 m is placed perpendicularly to the 
direction of the magnetic field. When a horizontal current of I=0.5A flows to the 
right through the wire,
(1) Determine whether the direction of the Ampere force on the wire is vertically 
upward or downward;
(2) Calculate the magnitude of the Ampere force F on the wire.

Solution: (1)According to the left-hand rule, it can be determined that the direction of the Ampere force on the wire is 
vertically upward.
(2)Ampere force on the wire: F=BIL=1×0.5×0.1N=0.05N

Question

Answer

As shown in Figure A, a uniform magnetic field B=0.5T exists in 
space, directed vertically downward. MN and PQ are rough, parallel, 
long straight rails in the same horizontal plane, with a distance L=0.2m 
between them; R is a resistor connected at one end of the rails. The ab 
is a conducting rod with a mass of m=0.1kg bridged across the rails. 
From time zero, a small motor exerts a horizontal leftward traction 
force F on rod ab, causing it to start moving from rest and accelerating 
along the rails. During this process, the rod always remains 
perpendicular to and in good contact with the rails. Figure B shows the 
v-t graph of the rod, where segment OA is a straight line, and AC is a 
curve. The small motor reaches its rated power P=4.5W at the end of 
12s, after which it maintains constant power. The resistance of other 
parts except R is negligible, and g=10m/s^{2}.
(1) Find the acceleration of the conductor rod ab during the 0-12s 
interval;
(2) Find the coefficient of kinetic friction between rod ab and the rails 
and the value of the resistor R;
(3) Draw the graph of the traction force's power versus time (P-t) on 
the answer sheet.

 0.75m/s^{2} Dynamic friction coefficient is 0.2 Resistance value is 0.4 ohms\nThe graph is a parabola passing 
through the origin from 0 to 12 seconds (but the vertex of the parabola is not the origin). After 12 seconds, the power 
is constant.

As shown in the figure, when an electron beam passes through the two magnetic 
poles in the direction indicated by the arrow in the figure, its deflection direction is 
( ) 
A: Upward
B: Downward
C: Toward the N pole
D: Toward the S pole

As shown in the figure, a positively charged particle enters a uniform magnetic field 
horizontally to the right, neglecting gravity. Regarding the motion of this charged 
particle after it enters the magnetic field, the following judgments are correct: ( ) 
A: The particle deflects upwards
B: The particle deflects downwards
C: The particle does not deflect
D: The particle quickly stops moving

B
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Answer

Question

Answer
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right through the wire,
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between them; R is a resistor connected at one end of the rails. The ab 
is a conducting rod with a mass of m=0.1kg bridged across the rails. 
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force F on rod ab, causing it to start moving from rest and accelerating 
along the rails. During this process, the rod always remains 
perpendicular to and in good contact with the rails. Figure B shows the 
v-t graph of the rod, where segment OA is a straight line, and AC is a 
curve. The small motor reaches its rated power P=4.5W at the end of 
12s, after which it maintains constant power. The resistance of other 
parts except R is negligible, and g=10m/s^{2}.
(1) Find the acceleration of the conductor rod ab during the 0-12s 
interval;
(2) Find the coefficient of kinetic friction between rod ab and the rails 
and the value of the resistor R;
(3) Draw the graph of the traction force's power versus time (P-t) on 
the answer sheet.

 0.75m/s^{2} Dynamic friction coefficient is 0.2 Resistance value is 0.4 ohms\nThe graph is a parabola passing 
through the origin from 0 to 12 seconds (but the vertex of the parabola is not the origin). After 12 seconds, the power 
is constant.

As shown in the figure, when an electron beam passes through the two magnetic 
poles in the direction indicated by the arrow in the figure, its deflection direction is 
( ) 
A: Upward
B: Downward
C: Toward the N pole
D: Toward the S pole

As shown in the figure, a positively charged particle enters a uniform magnetic field 
horizontally to the right, neglecting gravity. Regarding the motion of this charged 
particle after it enters the magnetic field, the following judgments are correct: ( ) 
A: The particle deflects upwards
B: The particle deflects downwards
C: The particle does not deflect
D: The particle quickly stops moving

B

(A)

(B)

Figure 15: Cases of electromagnetism in physics part of VisScience.
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Question

Answer

Question

Answer

According to the definition of amplitude: Amplitude A is the maximum distance the vibrating object moves away 
from the equilibrium position, read the maximum value of y as A=2cm. Based on the fact that wavelength equals 
the distance between two adjacent wave crests or troughs, read the wavelength λ=4m. 
So choose B.

Question

Answer

Starlight Middle School has a 150m×70m playground. Broadcast speakers 
S_1 and S_2 are set up at both ends of the playground (as shown in the 
picture). Teacher Wu walked around the playground to test the sound and 
found that at points A, B, C, and D (which are the midpoints of each side), 
the sound was indistinct at two places. These two places are ( ).
A: B and D 
B: A and B 
C: C and D 
D: A and C

Solution: From the diagram, it is evident that B and D are equidistant from both sound sources. The sound reaches them 
simultaneously without interference, resulting in a louder perception. In contrast, A and C are at noticeably different 
distances from the two sound sources, causing interference between the sounds, making them harder to hear clearly. 
Therefore, the answer is D.

Question

Answer

There are two vibrating sources A and B on the water surface, vibrating 
in exactly the same way. On the perpendicular bisector of the line 
connecting A and B, there are three points a, b, and c. At a certain 
moment, point a is the convergence point of the crests of the two 
waves, and point c is the nearest convergence point of the troughs of 
the two waves from point a. Point b is located on the line connecting 
points a and c, as shown in the figure. Which of the following 
statements is correct? ( )
A: Both a and c are points of constructive interference, and b is a point 
of destructive interference. 
B: a is a point of constructive interference, and c is a point of 
destructive interference. 
C: Both a and c are currently points of constructive interference, but 
after some time, they will become points of destructive interference. 
D: a, b, and c are all points of constructive interference.

Solution: From the question, A and B are two sources of vibration with identical conditions. Points a, b, and c lie on 
the perpendicular bisector of the line AB, meaning the distances from a, b, and c to the two wave sources are equal, 
resulting in a path difference of zero. The vibrations at these three points all reinforce each other.\nTherefore, the 
answer is: D

M and N are two points in the direction of wave propagation in the medium, with a distance s =\"1.5\" m, and their vibration 
images are shown in the figure. The possible values for the wave speed are( ):
A:15 m/s 
B:7.5 m/s 
C:5 m/s 
D:3 m/s

As shown in the figure, the image represents a mechanical wave propagating along 
the x-axis at a certain moment. From the figure, it can be seen that the amplitude A 
and wavelength λ of this wave are respectively ( )
A:A=2cm,λ=4m 
B:A=2cm,λ=8m 
C:A=4cm,λ=4m 
D:A=4cm,λ=8m
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connecting A and B, there are three points a, b, and c. At a certain 
moment, point a is the convergence point of the crests of the two 
waves, and point c is the nearest convergence point of the troughs of 
the two waves from point a. Point b is located on the line connecting 
points a and c, as shown in the figure. Which of the following 
statements is correct? ( )
A: Both a and c are points of constructive interference, and b is a point 
of destructive interference. 
B: a is a point of constructive interference, and c is a point of 
destructive interference. 
C: Both a and c are currently points of constructive interference, but 
after some time, they will become points of destructive interference. 
D: a, b, and c are all points of constructive interference.

Solution: From the question, A and B are two sources of vibration with identical conditions. Points a, b, and c lie on 
the perpendicular bisector of the line AB, meaning the distances from a, b, and c to the two wave sources are equal, 
resulting in a path difference of zero. The vibrations at these three points all reinforce each other.\nTherefore, the 
answer is: D

M and N are two points in the direction of wave propagation in the medium, with a distance s =\"1.5\" m, and their vibration 
images are shown in the figure. The possible values for the wave speed are( ):
A:15 m/s 
B:7.5 m/s 
C:5 m/s 
D:3 m/s

As shown in the figure, the image represents a mechanical wave propagating along 
the x-axis at a certain moment. From the figure, it can be seen that the amplitude A 
and wavelength λ of this wave are respectively ( )
A:A=2cm,λ=4m 
B:A=2cm,λ=8m 
C:A=4cm,λ=4m 
D:A=4cm,λ=8m

ACD

Figure 16: Cases of vibration and waves in physics part of VisScience.
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Question

Answer

Question

Answer

Solution: As shown in the diagram, the smallest division value of the ruler is 1mm. The initial reading of the 
measured object is: 6.00cm, and the final reading is: 8.53cm. Hence, the length of the object is: 2.53cm.
\nTherefore, the answer is: 1; 2.53.

Question

Answer

In the experiment to measure the rated power of a 3.8V bulb, it is known that the 
rated power of the bulb is approximately 1.5W. Besides the bulb, ammeter, 
voltmeter, switch, and wires, the teacher also provides:
A. 6V power supply; 
B. 4V power supply;
C. A variable resistor of "5Ω 2A"; 
D. A variable resistor of "100Ω 0.1A".
(1) To accurately measure the rated power of the bulb, the variable resistor you 
choose is , and the power supply you choose is (fill in the letter).
(2) When the bulb is glowing normally, the ammeter pointer is shown as in Figure. 
Please calculate the actual rated power W and the resistance of the bulb Ω.

(1) C_ , B__;
(2) 1.67 , 8.6 .

Question

Answer

Measure the resistance value of an unknown resistor.
(1) A student first roughly measures the resistance using a multimeter. The 
multimeter's switch is set to the ×10Ω range. After zero adjustment, the red and black 
probes are connected to the resistor's terminals, and the pointer reading is as shown in 
the figure. The measured resistance value is ________Ω.
(2) The student then plans to accurately measure the resistance using the VA method. 
The provided experimental equipment includes: 8V DC power supply; voltmeter 
(0-10V, internal resistance about 20kΩ); ammeter (0-50mA, internal resistance about 
10Ω); sliding rheostat (0-20Ω, 1A); switch, and wires. Based on the experimental 
requirements and the provided equipment, refer to the partially incomplete physical 
circuit below and draw the experimental circuit diagram in the dashed box below, 
completing the unconnected wires.
(3) In the experiment mentioned in (2), after connecting the circuit and closing the 
switch, the student found that both the ammeter and voltmeter had no readings. The 
student used a multimeter to check for circuit faults. The operations were as follows: 
The multimeter was set to the DC voltage range, and the red and black probes were 
connected to: the positive and negative terminals of the power supply; the two ends of 
the rheostat's resistance wire; between the "-" terminal of the ammeter and the "+" 
terminal of the voltmeter. The multimeter's pointer deflected in all cases, indicating 
that the wire connected between ____________ might have broken.
(4) In the experiment, the student moves the rheostat's sliding head, records multiple 
sets of ammeter and voltmeter readings (U, I), and plots the U-I curve on graph paper. 
In this experiment, the measured value is ________ the true value. (fill in ">", "=" or 
"<")

(1) 200
(2) As shown in the figure
(3) Connect the ammeter and voltmeter
(4) <

A vernier caliper with 20 divisions was used to measure the diameter of a small ball during an experiment. The reading is 
shown in the figure, and the diameter of the small ball is d = ( ) mm.

Using the ruler shown in the figure to measure the length of the object, the smallest 
scale of the ruler is millimeters, and the measured length of the object is centimeters.

Solution: The main scale reading is 14mm, and the vernier scale reading is 
0.05×3=0.15mm, so the final reading is 14.15mm.

Question

Answer

Question

Answer

Solution: As shown in the diagram, the smallest division value of the ruler is 1mm. The initial reading of the 
measured object is: 6.00cm, and the final reading is: 8.53cm. Hence, the length of the object is: 2.53cm.
\nTherefore, the answer is: 1; 2.53.

Question

Answer

In the experiment to measure the rated power of a 3.8V bulb, it is known that the 
rated power of the bulb is approximately 1.5W. Besides the bulb, ammeter, 
voltmeter, switch, and wires, the teacher also provides:
A. 6V power supply; 
B. 4V power supply;
C. A variable resistor of "5Ω 2A"; 
D. A variable resistor of "100Ω 0.1A".
(1) To accurately measure the rated power of the bulb, the variable resistor you 
choose is , and the power supply you choose is (fill in the letter).
(2) When the bulb is glowing normally, the ammeter pointer is shown as in Figure. 
Please calculate the actual rated power W and the resistance of the bulb Ω.

(1) C_ , B__;
(2) 1.67 , 8.6 .

Question

Answer

Measure the resistance value of an unknown resistor.
(1) A student first roughly measures the resistance using a multimeter. The 
multimeter's switch is set to the ×10Ω range. After zero adjustment, the red and black 
probes are connected to the resistor's terminals, and the pointer reading is as shown in 
the figure. The measured resistance value is ________Ω.
(2) The student then plans to accurately measure the resistance using the VA method. 
The provided experimental equipment includes: 8V DC power supply; voltmeter 
(0-10V, internal resistance about 20kΩ); ammeter (0-50mA, internal resistance about 
10Ω); sliding rheostat (0-20Ω, 1A); switch, and wires. Based on the experimental 
requirements and the provided equipment, refer to the partially incomplete physical 
circuit below and draw the experimental circuit diagram in the dashed box below, 
completing the unconnected wires.
(3) In the experiment mentioned in (2), after connecting the circuit and closing the 
switch, the student found that both the ammeter and voltmeter had no readings. The 
student used a multimeter to check for circuit faults. The operations were as follows: 
The multimeter was set to the DC voltage range, and the red and black probes were 
connected to: the positive and negative terminals of the power supply; the two ends of 
the rheostat's resistance wire; between the "-" terminal of the ammeter and the "+" 
terminal of the voltmeter. The multimeter's pointer deflected in all cases, indicating 
that the wire connected between ____________ might have broken.
(4) In the experiment, the student moves the rheostat's sliding head, records multiple 
sets of ammeter and voltmeter readings (U, I), and plots the U-I curve on graph paper. 
In this experiment, the measured value is ________ the true value. (fill in ">", "=" or 
"<")

(1) 200
(2) As shown in the figure
(3) Connect the ammeter and voltmeter
(4) <

A vernier caliper with 20 divisions was used to measure the diameter of a small ball during an experiment. The reading is 
shown in the figure, and the diameter of the small ball is d = ( ) mm.

Using the ruler shown in the figure to measure the length of the object, the smallest 
scale of the ruler is millimeters, and the measured length of the object is centimeters.

Solution: The main scale reading is 14mm, and the vernier scale reading is 
0.05×3=0.15mm, so the final reading is 14.15mm.

Fig

Figure 17: Cases of comprehensive experiments and methods in physics part of VisScience.
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Question

Answer

Question

Answer

From the figure, it can be seen that the boiling point of water is 98℃. The boiling point of water under standard 
atmospheric pressure is 100℃. The boiling point of a liquid decreases as the pressure decreases, therefore the 
atmospheric pressure at that time is lower than 1 standard atmospheric pressure.
So the answer is: 98; lower.

Question

Answer

For the experiment shown in the figure, the following statements are correct ():
A: In the first diagram, the copper tube's temperature increases when rubbed with a 
rubber band. This shows that the internal energy of the copper tube increases 
through work done on it. 
B: In the second diagram, the steam pushes out the rubber stopper, indicating that 
the steam does work on the rubber stopper, causing the internal energy of the steam 
to increase. 
C: In the third diagram, ink diffuses significantly more in hot water than in cold 
water, demonstrating that the intensity of molecular random motion is related to 
temperature. 
D: In the fourth diagram, after removing the glass plate, the gases in the two bottles 
gradually mix evenly, which is a diffusion phenomenon.

ACD

Question

Answer

Some students in a group conducted an experiment to "compare the 
heat absorption capacity of different substances" using the setup shown 
in the figure.
(1) When designing the experimental plan, the following controlled 
variables need to be determined. Which one do you think is 
unnecessary?
A. Use the exact same heating method
B. Use the same amount of alcohol in the alcohol lamps
C. Use the same mass of water and another liquid
D. Use the same container to hold water and another liquid
(2) When heated to a certain point, the water starts boiling. The 
temperature at this moment is shown in Figure C. Therefore, the 
boiling point of water is ℃, which indicates that the atmospheric 
pressure during the experiment is (choose "greater than", "less than", or 
"equal to") one standard atmosphere.
(3) The other liquid does not boil at the corresponding moment, but the 
reading of the thermometer is much higher than the water temperature. 
Based on this phenomenon, the preliminary conclusion of this 
experiment is: the heat absorption capacity of different substances is 
(choose "the same" or "different").

(1) B (2) 97, less than (3) different

Using two identical electric heaters to heat substances A and water, both with a mass of 2kg, the relationship between their 
temperature and time is shown in the diagram. Based on this, determine the amount of heat absorbed by substance A in 10 
minutes ( ).
A:5.04×10^5 J 
B:4.2×10^5 J 
C:2.52×10^5 J 
D:Insufficient conditions, cannot be calculated

In the experiment of exploring the "boiling law of water," Xiaoming recorded the 
temperature every 30s after the water temperature rose to 90°C, and then plotted the 
temperature versus time graph, as shown in the figure. If the thermometer used by 
Xiaoming is accurate, it can be concluded from the graph that the boiling 
temperature of water is ℃, which indicates that the atmospheric pressure at that time 
is 1 standard atmosphere (choose "greater than," "less than," or "equal to").

C

Question

Answer

Question

Answer

From the figure, it can be seen that the boiling point of water is 98℃. The boiling point of water under standard 
atmospheric pressure is 100℃. The boiling point of a liquid decreases as the pressure decreases, therefore the 
atmospheric pressure at that time is lower than 1 standard atmospheric pressure.
So the answer is: 98; lower.

Question

Answer

For the experiment shown in the figure, the following statements are correct ():
A: In the first diagram, the copper tube's temperature increases when rubbed with a 
rubber band. This shows that the internal energy of the copper tube increases 
through work done on it. 
B: In the second diagram, the steam pushes out the rubber stopper, indicating that 
the steam does work on the rubber stopper, causing the internal energy of the steam 
to increase. 
C: In the third diagram, ink diffuses significantly more in hot water than in cold 
water, demonstrating that the intensity of molecular random motion is related to 
temperature. 
D: In the fourth diagram, after removing the glass plate, the gases in the two bottles 
gradually mix evenly, which is a diffusion phenomenon.

ACD

Question

Answer

Some students in a group conducted an experiment to "compare the 
heat absorption capacity of different substances" using the setup shown 
in the figure.
(1) When designing the experimental plan, the following controlled 
variables need to be determined. Which one do you think is 
unnecessary?
A. Use the exact same heating method
B. Use the same amount of alcohol in the alcohol lamps
C. Use the same mass of water and another liquid
D. Use the same container to hold water and another liquid
(2) When heated to a certain point, the water starts boiling. The 
temperature at this moment is shown in Figure C. Therefore, the 
boiling point of water is ℃, which indicates that the atmospheric 
pressure during the experiment is (choose "greater than", "less than", or 
"equal to") one standard atmosphere.
(3) The other liquid does not boil at the corresponding moment, but the 
reading of the thermometer is much higher than the water temperature. 
Based on this phenomenon, the preliminary conclusion of this 
experiment is: the heat absorption capacity of different substances is 
(choose "the same" or "different").

(1) B (2) 97, less than (3) different

Using two identical electric heaters to heat substances A and water, both with a mass of 2kg, the relationship between their 
temperature and time is shown in the diagram. Based on this, determine the amount of heat absorbed by substance A in 10 
minutes ( ).
A:5.04×10^5 J 
B:4.2×10^5 J 
C:2.52×10^5 J 
D:Insufficient conditions, cannot be calculated

In the experiment of exploring the "boiling law of water," Xiaoming recorded the 
temperature every 30s after the water temperature rose to 90°C, and then plotted the 
temperature versus time graph, as shown in the figure. If the thermometer used by 
Xiaoming is accurate, it can be concluded from the graph that the boiling 
temperature of water is ℃, which indicates that the atmospheric pressure at that time 
is 1 standard atmosphere (choose "greater than," "less than," or "equal to").
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Figure 18: Cases of thermodynamics in physics part of VisScience.
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Figure 19: Cases of chemical experiment in chemistry part of VisScience.
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Figure 20: Cases of chemical reaction in chemistry part of VisScience.
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Figure 21: Cases of inorganic chemistry in chemistry part of VisScience.
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Figure 22: Cases of organic chemistry in chemistry part of VisScience.
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Figure 23: Cases of electrochemistry in chemistry part of VisScience.
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Figure 24: Cases of substance composition in chemistry part of VisScience.
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Figure 25: Cases of chemical equilibrium in chemistry part of VisScience.
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Figure 26: Cases of errors in the mathematical of VisScience for several classic close-source models.
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Question

As shown in the figure, in the cube ABCD-EFGH, the following statements are incorrect:

A. BD // Face FHA  
B. EC ⊥ BD  
C. EC ⊥ Face FHA  
D. The angle between the skew lines BC and AH is 60°

Ground Truth：D

LLaVA-1.5_13B           

The incorrect statement in the figure is:

A. BD // Face FHA

In the cube ABCD-EFGH, the statement "BD // Face FHA" is incorrect. The correct statement would be "BD // Face FGH."

Reasoning Error

GLM-4V-9B

The given information states that the angle between the skew lines BC and AH is 60°. However, this angle cannot be determined based on the given 
information about the cube ABCD-EFGH. The correct answer is therefore D. 

Knowledge Error

InternVL 1.5

internvl_answer:
The image shows a cube with vertices labeled A, B, C, D, E, F, G, and H. The cube is a three-dimensional figure where all faces are squares, and all 
edges are of equal length. The diagonals of each face are also of equal length and are perpendicular to each other.

Let's analyze each statement:
A. BD // Face FHA
This statement is incorrect. In a cube, the diagonals of each face are perpendicular to each other. Since BD is a diagonal of the face FHA, it cannot be 
parallel to the face itself.
B. EC ⊥ BD
This statement is incorrect. In a cube, all diagonals are perpendicular to each other. Since EC is a diagonal of the face FHA, it is perpendicular to BD.
C. EC ⊥ Face FHA
This statement is incorrect. In a cube, the diagonals of each face are perpendicular to the face itself. Since EC is a diagonal of the face FHA, it is 
perpendicular to the face.
D. The angle between the skew lines BC and AH is 60°
This statement is incorrect. In a cube, all edges are of equal length, and the diagonals of each face are perpendicular to each other. The angle between the 
skew lines BC and AH is not 60°; it is 90°, as they are perpendicular to each other.

Therefore, all the statements are incorrect.

Vision Recognition Error

Figure 27: Cases of errors in the mathematical of VisScience for several classic open-source models.
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GPT-4o           
The problem involves analyzing the normal forces acting on objects A and B that are stationary and in contact with smooth surfaces. Since the surfaces 
are smooth, there will be no frictional forces, only normal forces.
Let's analyze each object:
Object A:
- A is in contact with the horizontal surface. Therefore, there will be a normal force exerted by the horizontal surface on A.
- A is in contact with a vertical wall. Hence, there will be a normal force exerted by the wall on A.
- A is in contact with object B. Thus, there will be a normal force exerted by B on A.
So, object A experiences three normal forces.
Object B:
- B is in contact with the horizontal surface. Therefore, there will be a normal force exerted by the horizontal surface on B.
- B is in contact with object A. Hence, there will be a normal force exerted by A on B.
So, object B experiences two normal forces.
Thus, the correct options are:
- A: Object A experiences three normal forces.
- C: Object B experiences two normal forces.

Reasoning Error

Claude3.5

Let's analyze this problem step by step:
1. Object A:
   - It's in contact with the horizontal surface (floor)
   - It's in contact with the vertical wall
   - It's in contact with object B
   Each of these contacts will result in a normal force acting on object A.
2. Object B:
   - It's in contact with the horizontal surface (floor)
   - It's in contact with object A
   Each of these contacts will result in a normal force acting on object B.
3. Remember, a normal force is always perpendicular to the surface of contact.
Given this analysis, we can conclude that:
- Object A experiences three normal forces: from the floor, from the wall, and from object B.
- Object B experiences two normal forces: from the floor and from object A.
Therefore, the correct answer is option A: Object A experiences three normal forces.

Vision Recognition Error

GLM-4V

Solution: Since all contact surfaces between objects A and B are smooth, and both objects are stationary, we have FN1=FN2 and FN3=0. Therefore, 
object A experiences two normal forces, and object B also experiences two normal forces. Hence, option C is selected.
Answer: C

Knowledge Error

Qwen-VL-Max          

Object A is in close contact with the horizontal surface, the vertical wall, and object B. According to the definition of the normal force, when an object is 
in close contact with another object or surface, it will experience a normal force from that other object or surface. Therefore, object A experiences three 
normal forces.

So the correct answer is A.

Reasoning Error

Question

As shown in the figure, object A is in close contact with the horizontal surface, the vertical wall, 
and object B. All contact surfaces are smooth, and both A and B are stationary. Which of the 
following statements are correct?

A: Object A is subjected to three normal forces.
B: Object A is subjected to two normal forces.
C: Object B is subjected to two normal forces.
D: Both object A and object B are subjected to only one normal force.

Ground Truth：D

Figure 28: Cases of errors in the physics part of VisScience for several classic close-source models.
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LLaVA-1.5_13B           

A: Object A experiences three normal forces.

Reasoning Error

GLM-4V
The diagram shows object A in contact with the horizontal surface, the vertical wall, and object B. Since all contact surfaces are smooth and both objects 
are stationary, we can apply the principles of physics to determine the normal forces acting on them.
Step 1: Analyze the forces acting on object A.
Object A is in contact with the horizontal surface and the vertical wall. The normal force acting on object A from the horizontal surface is perpendicular 
to the surface and directed upwards. The normal force acting on object A from the vertical wall is perpendicular to the wall and directed away from the 
wall. Therefore, object A experiences two normal forces.
Step 2: Analyze the forces acting on object B.
Object B is in contact with the horizontal surface and object A. The normal force acting on object B from the horizontal surface is perpendicular to the 
surface and directed upwards. The normal force acting on object B from object A is perpendicular to the contact surface between them and directed 
away from object A. Therefore, object B experiences two normal forces.
Step 3: Compare the normal forces acting on object A and object B.
Both object A and object B experience two normal forces each. The normal force acting on object A from the vertical wall is equal in magnitude and 
opposite in direction to the normal force acting on object B from object A. However, the normal forces acting on object A and object B from their 
respective surfaces are independent of each other.
Therefore, the answer is B: Object A experiences two normal forces

Vision Recognition Error

InternVL 1.5

A: Object A experiences three normal forces.

Reasoning Error

Question

As shown in the figure, object A is in close contact with the horizontal surface, the vertical wall, 
and object B. All contact surfaces are smooth, and both A and B are stationary. Which of the 
following statements are correct?

A: Object A is subjected to three normal forces.
B: Object A is subjected to two normal forces.
C: Object B is subjected to two normal forces.
D: Both object A and object B are subjected to only one normal force.

Ground Truth：D

Question

As shown in the figure, object A is in close contact with the horizontal surface, the vertical wall, 
and object B. All contact surfaces are smooth, and both A and B are stationary. Which of the 
following statements are correct?

A: Object A is subjected to three normal forces.
B: Object A is subjected to two normal forces.
C: Object B is subjected to two normal forces.
D: Both object A and object B are subjected to only one normal force.

Ground Truth：D

Figure 29: Cases of errors in the physics part of VisScience for several classic open-source models.
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Question

A certain experimental group conducted the following analysis on an unknown solution containing Al³⁺:

(1) A small amount of sodium hydroxide was added, with no obvious change observed;
(2) More sodium hydroxide solution was added, resulting in a white precipitate;
(3) An excess amount of sodium hydroxide was added, and the white precipitate significantly decreased.

The experimental group performed a quantitative analysis and obtained the relationship between the amount of 
precipitate and the volume of sodium hydroxide added, as shown in the figure.

Which of the following statements is incorrect?

A: The unknown solution contains at least three types of cations.
B: The molarity of the added sodium hydroxide solution is 5 mol·L⁻¹.
C: If the other ion is a divalent cation, then a = 10.
D: If the final precipitate is filtered, washed, and calcined, its mass must be 6 g.

Ground Truth：D

To find the incorrect statements, we need to delve into the chemical principles demonstrated and analyze the data provided in the graph systematically.
Here are the detailed steps and reasoning regarding each statement:

1. Unknown Solution Analysis:
The unknown solution is known to contain Al³⁺ ions which precipitate as Al(OH)₃ when NaOH is added.
Initial addition of NaOH: No obvious change, indicating that the OH⁻ ions are not sufficient to exceed the solubility product (Ksp) of Al(OH)₃.
Further addition of NaOH:A white precipitate of Al(OH)₃ appears, indicating the concentration of OH⁻ has now exceeded the Ksp of Al(OH)₃.
Excess NaOH: The white precipitate dissolves due to the formation of soluble complex ion [Al(OH)₄]⁻.
2. Quantitative Relationship from the Graph:
The graph shows the relationship between the precipitate amount (in moles) and the NaOH added volume (in mL):
- Maximum precipitate mol: 0.20 mol
- Corresponding volume of NaOH: 100 mL
3. Evaluation of Statements:
(A) The unknown solution contains at least 3 cations.
  This is not necessarily true based on the given information. The data provided only indicates the presence of Al³⁺; no information about the presence of other cations can be 
conclusively determined. Therefore, this statement can be incorrect.
(B) The concentration of the added NaOH solution is 5 mol·L⁻¹.
Given that 0.20 mol of Al(OH)₃ precipitate appears when 100 mL of NaOH is added, and knowing the stoichiometry of the reaction: Al³⁺ + 3OH⁻ → Al(OH)₃
0.2 mol Al³⁺ corresponds with 3 * 0.2 mol = 0.6 mol OH⁻. For 100 mL NaOH to provide 0.6 mol OH⁻, the concentration of NaOH must indeed be:
Concentration = 0.6 mol / 0.1 L = 6 mol·L⁻¹
This conflicts with 5 mol·L⁻¹. Thus, this statement is indeed incorrect.
(C) If another ion is a divalent cation, then a = 10.
For divalent cation, such as M²⁺, precipitation occurs as M(OH)₂. Considering the graph where maximum precipitate occurs around 0.15 mol at some volume 'a', assuming it’s 
from M(OH)₂: M²⁺ + 2OH⁻ → M(OH)₂
At point 'a', V_a * C_NaOH ≥ (0.15 * 2 = 0.3 mol OH) / 5 mol·L⁻¹ = 0.06 L NaOH = 60 mL
Thus a ≈ 60 mL, not 10 mL, making this statement incorrect.
(D) If the final precipitate is filtered, washed, and ignited, its mass is certainly 6 g.
Upon ignition, Al(OH)₃ decomposes into Al₂O₃: 2Al(OH)₃ → Al₂O₃ + 3H₂O
The molar mass of Al₂O₃ is 102 g/mol. With 0.20 mol of Al(OH)₃ yielding 0.10 mol Al₂O₃: 0.10 mol * 102 g/mol = 10.2 g

Thus, this treatment yields about 10.2 g of Al₂O₃ and not 6 g, making this statement incorrect.
Conclusion: The following statements are all incorrect: A, B, C, and D.
E: None of the statements are correct

GPT-4o           Reasoning Error

Claude3.5
Let's analyze each statement based on the information provided and the graph:

A. The unknown solution contains at least 3 cations:
This statement is likely correct. The behavior described (initial precipitation followed by dissolution in excess base) is characteristic of amphoteric hydroxides like Al(OH)3. The 
graph shows a single precipitate forming and then partially dissolving, which is consistent with the presence of Al3+. There's no clear evidence of other cations.
B. The concentration of the added NaOH solution is 5 mol·L-1:
We can't determine this from the given information. The graph shows volume of NaOH added, not its concentration.
C. If another ion is a divalent cation, then a = 10:
We don't have enough information to confirm or deny this statement. The value of 'a' isn't directly related to the presence of a divalent cation based on the given data.
D. If the final precipitate is filtered, washed, and ignited, its mass is certainly 6 g:
This statement is incorrect. The graph shows the amount of precipitate in moles, not grams. At the end point, there's 0.15 mol of precipitate. Without knowing the exact 
composition of the precipitate after ignition, we can't determine its mass.

Given the question asks which statements are incorrect, the answer should include B and D. Statement A appears to be correct based on the information given, and C cannot be 
confirmed or denied with the available data.

 Knowledge Error

Figure 30: Cases of errors in the chemistry part of VisScience for several classic close-source models.

43



Question

A certain experimental group conducted the following analysis on an unknown solution containing Al³⁺:

(1) A small amount of sodium hydroxide was added, with no obvious change observed;
(2) More sodium hydroxide solution was added, resulting in a white precipitate;
(3) An excess amount of sodium hydroxide was added, and the white precipitate significantly decreased.

The experimental group performed a quantitative analysis and obtained the relationship between the amount of 
precipitate and the volume of sodium hydroxide added, as shown in the figure.

Which of the following statements is incorrect?

A: The unknown solution contains at least three types of cations.
B: The molarity of the added sodium hydroxide solution is 5 mol·L⁻¹.
C: If the other ion is a divalent cation, then a = 10.
D: If the final precipitate is filtered, washed, and calcined, its mass must be 6 g.

Ground Truth：D

The image shows a graph that plots the amount of precipitation against the volume of sodium hydroxide (NaOH) added to an unknown solution. The x-axis represents the volume 
of NaOH added in mL, while the y-axis indicates the amount of precipitation in moles.

From the graph, we can see that when a small amount of NaOH is added, there is no visible change in the solution. As more NaOH is added, a white precipitate appears. When an 
excess of NaOH is added, the white precipitate decreases significantly.

Based on this information, let's analyze each statement:

A: The unknown solution contains at least 3 cations.
This statement is correct because the addition of a small amount of NaOH does not cause any reaction, indicating that some ions do not react with NaOH. Then, a white 
precipitate forms upon further addition of NaOH, suggesting the presence of at least one cation that reacts with NaOH. Finally, the decrease in the precipitate after adding an 
excess of NaOH implies the existence of another cation that also reacts with NaOH but has a different behavior than the first one. Therefore, it is reasonable to conclude that the 
solution contains at least three cations.
B: The concentration of the added NaOH solution is 5 mol·L^-1.
This statement is incorrect. Although the graph provides data points for the amount of precipitation and the volume of NaOH added, it does not provide enough information to 
determine the concentration of the NaOH solution. To calculate the concentration, we would need additional details such as the initial volume or mass of the NaOH solution used.
C: If another ion is a divalent cation, then a = 10.
This statement is correct. According to the graph, the volume of NaOH required to form the maximum amount of precipitation is around 100 mL. Since the graph shows that the 
amount of precipitation increases linearly with the volume of NaOH added until reaching a maximum value, we can assume that the reaction follows a simple stoichiometry. If the 
other ion is a divalent cation, it will require twice as much NaOH to form the same amount of precipitation compared to a monovalent cation. Thus, if the volume of NaOH 
needed to reach the maximum precipitation was 100 mL for a monovalent cation, it would be 200 mL for a divalent cation. However, since the graph shows that the maximum 
precipitation occurs at around 100 mL, we can infer that the other ion must be a monovalent cation. In this case, a = 10, which corresponds to the point where the slope changes 
from positive to negative.
D: If the final precipitate is filtered, washed, and ignited, its mass is certainly 6 g.
This statement is incorrect. While the graph shows that the maximum amount of precipitation formed is approximately 0.15 mol, we cannot directly convert this into grams 
without knowing the molar mass of the precipitated compound. Furthermore, filtering, washing, and igniting the precipitate may result in losses due to incomplete recovery or 
decomposition during heating. Therefore, we cannot confidently predict the exact mass of the final product based solely on the given information.

In conclusion, the correct answer is B: The concentration of the added NaOH solution is 5 mol·L^-1. This statement is incorrect because there is insufficient information provided 
to determine the concentration of the NaOH solution.

Qwen-VL-Max          Knowledge Error

 GLM-4V
Solution: According to the graph, when 10 mL of NaOH is added, the precipitation does not dissolve, indicating that the concentration of aluminum ions is less than 0.20 mol/
L. When 11 mL of NaOH is added, the precipitation begins to dissolve, which means that the concentration of aluminum ions is greater than 0.20 mol/L but less than 0.25 mol/
L. Since the initial volume of the solution is 100 mL and the final volume after adding NaOH is 110 mL, the total volume of the solution is 210 mL. Therefore, the 
concentration of sodium hydroxide is 0.20 mol/L. Thus, option B is incorrect.

When 11 mL of NaOH is added, the precipitation begins to dissolve, which means that the concentration of aluminum ions is greater than 0.20 mol/L but less than 0.25 mol/L. 
Therefore, the concentration of sodium hydroxide is 0.20 mol/L. Thus, option B is incorrect.

The mass of the precipitate before heating is 8 g, so the mass of the precipitate after heating is 6 g. Therefore, option D is incorrect.

Therefore, the answer is C.
Answer: C

Reasoning Error

Figure 31: Cases of errors in the chemistry part of VisScience for several classic close-source models.
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Question

A certain experimental group conducted the following analysis on an unknown solution containing Al³⁺:

(1) A small amount of sodium hydroxide was added, with no obvious change observed;
(2) More sodium hydroxide solution was added, resulting in a white precipitate;
(3) An excess amount of sodium hydroxide was added, and the white precipitate significantly decreased.

The experimental group performed a quantitative analysis and obtained the relationship between the amount of 
precipitate and the volume of sodium hydroxide added, as shown in the figure.

Which of the following statements is incorrect?

A: The unknown solution contains at least three types of cations.
B: The molarity of the added sodium hydroxide solution is 5 mol·L⁻¹.
C: If the other ion is a divalent cation, then a = 10.
D: If the final precipitate is filtered, washed, and calcined, its mass must be 6 g.

Ground Truth：D

The incorrect statement is B: The concentration of the added NaOH solution is 5 mol·L⁻¹. The actual concentration of the NaOH solution is 10 mol·L⁻¹.

Knowledge Error

 GLM-4V
The graph shows that the precipitate decreases after the addition of an excess of sodium hydroxide, which indicates that the precipitate is not due to the presence of a single cation. 
Therefore, option A is incorrect as it states that the unknown solution contains at least 3 cations.

The graph does not provide any information about the concentration of the NaOH solution. It only shows the volume of NaOH added and the corresponding change in the 
precipitate. Therefore, option B is incorrect as it states the concentration of the NaOH solution is 5 mol·L^-1.

Option C is incorrect because the graph does not provide enough information to determine the value of a if another ion is a divalent cation.

Option D is correct because if the precipitate is filtered, washed, and ignited, its mass will be the mass of the hydrated oxide, which is the product of the original cation and the 
hydroxide ion. Since the graph shows that the precipitate decreases after the addition of an excess of sodium hydroxide, it is reasonable to assume that the precipitate is hydrated 
oxide. Therefore, the mass of the precipitate will be the product of the concentration of the original cation and the hydroxide ion, which is 6 g.

Therefore, the answer is D

Knowledge Error

LLaVA-1.5_13B           

InternVL 1.5
First, we need to understand the information represented in the chart. The chart shows the relationship between the amount of precipitate in an unknown solution and the volume of 
NaOH added. According to the chart, the amount of precipitate reaches its maximum when the volume of NaOH added is between 0.15 mL and 0.20 mL.

Now, let's analyze each option:

A: The unknown solution contains at least three types of cations. This statement is correct because the increase in the amount of precipitate with the addition of NaOH indicates the 
presence of at least three cations, as Al³⁺ requires three NaOH molecules to completely precipitate.

B: The concentration of the added NaOH solution is 5 mol·L⁻¹. This statement is incorrect because the chart does not provide any information about the concentration of the NaOH 
solution.

C: If the other ion is a divalent cation, then a = 10. This statement is incorrect because the chart shows that the amount of precipitate reaches its maximum when the volume of NaOH 
added is 0.15 mL, indicating the presence of a divalent cation, but the value of a is not 10.

D: If the final precipitate is filtered, washed, and calcined, its mass must be 6 g. This statement is incorrect because the chart does not provide any information about the mass of the 
precipitate.

Therefore, option B is incorrect.

Knowledge Error

Figure 32: Cases of errors in the chemistry part of VisScience for several classic open-source models.
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Model
Physics

ALL Mech Ele Therm Comp Opt Vib & Waves Mod Phys Mech Motion

Close Source Models (APIs)

Text-only LLMs
Zero-shot ChatGPT 22.70 22.08 19.94 23.53 4.62 40.98 29.79 19.05 23.33

Zero-shot GPT-4 30.40 34.26 30.21 33.33 15.38 40.98 34.04 42.86 20.00
Zero-shot Claude-2 22.00 24.62 23.56 25.49 12.31 27.87 21.28 28.57 23.33

Zero-shot Claude3-Opus 30.80 34.26 32.02 33.33 10.77 39.34 31.91 42.86 10.00
Zero-shot Claude3.5-Sonnet 35.30 40.36 35.95 35.29 15.38 40.98 34.04 47.62 26.67

Zero-shot GPT-4o 38.00 43.91 38.67 45.10 9.23 49.18 38.30 52.38 23.33
2-shot CoT Claude2 21.70 24.87 22.96 25.49 10.77 18.03 23.40 28.57 10.00
2-shot CoT ChatGPT 18.60 20.30 20.54 13.73 12.31 22.95 23.40 23.81 13.33

2-shot CoT GPT-4 31.50 35.03 32.02 37.25 12.31 44.26 29.79 47.62 23.33

Multi-modal LLMs
Gemini-1.0-Pro 23.70 26.97 23.03 17.65 6.15 31.15 34.04 19.05 10.00
Gemini-1.5-Pro 38.10 46.56 33.74 47.06 20.00 45.00 34.04 52.38 43.33

GPT-4o 38.20 41.37 39.27 56.86 23.08 42.62 36.17 42.86 43.33
GPT-4o-mini 29.80 31.73 30.51 29.41 10.70 36.07 19.15 47.62 30.00

Qwen-VL-Max 30.70 36.13 26.59 39.22 9.23 34.43 31.91 28.57 30.00
Qwen-VL-Plus 26.50 31.04 24.77 33.33 6.15 36.07 36.17 23.81 16.67

Claude3.5-Sonnet 38.00 41.62 36.56 43.14 13.85 44.26 38.30 66.67 30.00
Claude3-Opus 31.10 33.25 29.91 39.22 12.31 45.90 34.04 61.90 23.33

GLM-4V 19.20 23.16 17.82 15.69 12.31 25.00 17.02 19.05 23.33
Step-1V 23.50 21.55 24.35 28.57 7.84 12.82 25.00 31.25 39.13

Open Source Models

General Multi-modal LLMs
mPLUG-Owl 8.30 11.93 8.46 1.96 4.62 8.20 10.64 4.76 10.00

LLaMA-Adapter-V2 10.30 10.41 10.88 8.00 4.84 13.11 25.53 14.29 3.33
MiniCPM-Llama3-V2.5 17.90 21.57 19.64 15.69 6.15 26.23 19.15 9.52 23.33

LLaVA-1.5-13B 15.20 17.26 14.80 7.84 7.69 21.31 17.02 9.52 16.67
LLaVA-1.5-7B 13.50 15.28 15.12 11.76 3.12 15.25 15.56 5.26 17.24
DeepSeek-VL 16.80 18.77 19.33 13.73 7.69 16.67 13.04 19.05 3.45

ShareGPT4V-7B 14.00 13.71 15.41 9.80 3.08 19.67 19.15 28.57 6.67
ShareGPT4V-13B 14.90 15.23 16.92 9.80 6.15 14.75 19.15 19.05 16.67

SPHINX-Plus 15.30 16.50 18.43 17.65 4.62 11.48 12.77 19.05 13.33
InternLM-XC2 18.30 20.81 17.82 13.73 10.77 26.23 21.28 14.29 6.67

InternVL-1.2-Plus 24.80 29.69 22.94 29.41 12.31 31.67 25.53 35.00 10.00
InternVL-Chat-V1.5 20.80 23.97 20.87 23.53 9.23 25.42 17.02 14.29 17.24

CogVLM 14.50 18.02 13.29 7.84 6.15 14.75 19.15 19.05 6.67
CogVLM2 14.40 16.75 16.00 12.00 6.15 13.11 19.15 4.76 10.00

GLM-4V-9B 19.30 21.78 21.12 24.00 4.62 25.42 15.91 15.00 13.33
InternVL2-8B 22.1 25.50 22.30 24.70 9.50 28.20 21.40 30.10 18.50
Qwen2-VL-7B 6.5 5.43 6.14 9.76 2.95 18.55 8.42 0.00 6.33
InternVL2.5-8B 23.5 27.00 23.80 26.20 11.00 29.50 22.10 31.50 19.00
Qwen2.5-VL-7B 6.80 5.58 6.34 9.80 3.08 18.03 8.51 0.00 6.67

Table 7: Results on the physics part of VisScience across different subjects. Subjects: Mech: mechanics, Ele:
electromagnetism, Threm: thermodynamics, Comp: comprehensive experiments and methods, Opt: optics, Vib &
Waves: vibration and waves, Mod Phys: modern physics, Mech Motion: mechanical motion. The highest scores
among close-source and open-source models are highlighted in red and blue, respectively.
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Model
Chemistry

ALL Chem Exp Chem React Inorg Chem Electrochem Org Chem Chem Equil Sub Comp

Close Source Models (APIs)

Text-only LLMs
Zero-shot ChatGPT 18.60 26.35 23.86 23.26 23.75 35.43 24.64 30.89

Zero-shot GPT-4 33.10 40.54 30.68 38.76 32.50 36.22 30.43 31.71
Zero-shot Claude-2 24.40 24.32 26.36 31.71 23.86 20.29 0.30 25.98

Zero-shot Claude3-Opus 32.50 37.16 30.68 31.78 31.25 36.22 30.43 39.84
Zero-shot Claude3.5-Sonnet 36.90 34.80 36.93 39.53 46.25 45.67 23.19 47.15

Zero-shot GPT-4o 39.60 42.57 40.34 44.96 35.00 41.73 26.09 54.47
2-shot CoT Claude2 23.90 23.99 26.70 22.48 30.00 26.77 27.54 27.64
2-shot CoT ChatGPT 21.30 19.93 23.30 20.93 22.50 22.83 26.09 30.08

2-shot CoT GPT-4 32.40 29.05 32.39 32.56 32.50 42.52 28.99 53.66

Multi-modal LLMs
Gemini-1.0-Pro 27.80 24.03 26.70 26.36 31.25 35.54 31.82 37.19
Gemini-1.5-Pro 47.00 43.46 47.43 51.59 50.00 57.02 35.29 61.16

GPT-4o 41.60 43.58 46.02 38.76 46.25 43.31 43.48 50.41
GPT-4o-mini 28.40 22.30 27.27 27.13 30.00 34.65 20.29 42.09

Qwen-VL-Max 42.50 46.28 41.48 51.94 35.00 41.73 36.23 53.66
Qwen-VL-Plus 37.70 33.78 40.34 44.19 41.25 48.03 33.33 41.80

Claude3.5-Sonnet 43.10 40.54 41.48 42.64 50.00 42.52 33.33 59.35
Claude3-Opus 34.10 35.47 30.11 31.78 31.25 40.16 33.33 51.22

GLM-4V 25.00 23.65 25.86 21.71 28.75 27.78 31.88 32.52
Step-1V 25.00 32.51 27.48 25.26 25.45 17.72 13.33 21.95

Open Source Models

General Multi-modal LLMs
mPLUG-Owl 9.50 7.77 11.36 7.75 12.50 12.60 13.04 9.76

LLaMA-Adapter-V2 10.80 7.77 13.64 8.53 12.66 12.80 17.65 17.07
MiniCPM-Llama3-V2.5 19.50 20.96 26.29 26.61 18.18 24.00 28.79 30.83

LLaVA-1.5-13B 18.80 15.54 16.48 24.03 20.00 22.05 23.19 19.51
LLaVA-1.5-7B 16.00 13.49 17.14 19.20 16.25 20.49 26.09 10.74
DeepSeek-VL 21.00 18.84 20.57 20.16 21.25 23.62 36.76 20.66

ShareGPT4V-7B 19.00 13.85 19.32 26.36 18.75 23.62 28.99 15.45
ShareGPT4V-13B 18.40 13.51 21.02 19.38 23.75 22.83 13.04 19.51

SPHINX-Plus 20.40 20.27 21.02 24.03 22.50 22.83 27.54 21.95
InternLM-XC2 25.60 22.64 27.27 26.36 21.25 33.86 26.09 24.39

InternVL-1.2-Plus 31.20 22.29 31.82 33.58 31.46 39.57 32.47 38.84
InternVL-Chat-V1.5 23.70 20.07 25.00 25.20 22.37 28.80 25.00 28.46

CogVLM 17.00 15.54 20.45 10.85 16.25 22.05 20.29 17.07
CogVLM2 21.00 13.10 21.39 25.78 20.51 31.45 22.73 30.17

GLM-4V-9B 22.50 21.00 25.44 26.23 23.08 26.83 17.39 25.83
InternVL2-8B 26.5 23.8 27.2 25.6 24.7 28.3 26.1 27.5
Qwen2-VL-7B 4.3 3.8 4.5 4.1 3.9 4.7 4.0 4.6
InternVL2.5-8B 27.7 24.5 28.5 26.8 25.9 29.2 27.3 28.8
Qwen2.5-VL-7B 4.94 2.03 3.97 3.10 3.75 3.93 0.00 18.70

Table 8: Results on the chemistry part of VisScience across different subjects. Subjects: Chem Exp: chemical
experiment, Chem React: chemical reaction, Inorg Chem: inorganic chemistry, Electrochem: Electrochemistry, Org
Chem: organic chemistry, Chem Equil: chemical equilibrium, and Sub Comp: substance composition. The highest
scores among close-source and open-source models are highlighted in red and blue, respectively.
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