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Understanding Vision-Language STEM is Important

Imagine if we want to launch a Falcon rocket...
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Imagine if we want to launch a Falcon rocket...
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Ideal Rocket Equation @

M = instantaneous mass of rocket A = exhaust area
u = velocity of rocket
v = exhaust velocity P,= atmospheric pressure
Intime increment dt, exhausted mass= dm  dm = m dt
Change in momentum of system = M du - dm v
Force on system = (p-p) A-Mgcosa (neglect drag)
Change in momentum = Impulse = Force dt
M du -dmv= [(p-p)A-Mgcosa] dt
Mdu=[(p-p,)A + mv] dt (neglect weight)
Veq = equivalent exhaustvelocity= (®-Po)A + v
M du =V mdt = -V, dM m
du= -V, dM
M

me
=V ‘ o - mf
Au e In (M) - MR =propellant mass ratio =

AU = Voq In(BD) - v, InMR -Isp g In MR

Engineering Math
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Ideal Rocket Equation @

M = instantaneous mass of rocket A = exhaust area

u = velocity of rocket p=

v = exhaust velocity su
time ment dt, exhausted mass= dm  dm = m dt

ange in momentum of system = M du - dm
Force on system = (p-p) A-Mgcosa (neglect drag)
Change in momentum = Impulse = Force dt

M du -dmv= [(p-p)A-Mgcosa] dt

Mdu=[(p-p,)A + mv] dt (neglect weight)
Veq = equivalent exhaust velocity = (p—yn)A +v
o m
Mdu =V mdt=-V M
du= -V, dM

me
= oV, ‘ - - mf
Au e In (M) - MR =propellant mass ratio =

AU = Voq In(BD) - v, InMR -Isp g In MR

Engineering Math

STEM is the basis of solving a wide set of real-world problems.



Challenges for current benchmarks

QQ: How many bikes are (Q: What color is the small Q: Which picture shows the pizza Q: Which type of force from the

there? shiny cube? inside the oven? baby’s hand opens the cabinet door?

A:l A: Brown (A) The left one (B) The right one (A) Pull  (B)Push

VQA CLEVR IconQA ScienceQA
Dataset #Questions  #lmages Multimodal Q Length #Answers #Skills Subjects Grades Image Type Answer Type Ditficulty
VQA 201%) 614,163 204,721 6.1 - - - - Natural Text -
CLEVE (2017 909,968 1000, 000 18.4 - - - - MNatural Text&Number -
MATH (202 11) 12,500 - X 64.8 - 7 Math 9712 - MNumber Advanced
MMLU (2021:) 15,908 - X 52.6 B STEM - - Multi-choice Advanced
Geometry3K (2021:) 3.002 2.342 10.1 4 - Math 6712 Diagram Multi-choice Medium
lconQA (20211 107.439 96,817 g4 2-5 13 Math Pre-K™3 Icon Multi-choice&Others  Fundamental
ScienceQA (2027 21.208 10,332 X 12.1 2-5 379 Science 1712 MNatural&Diagram Multi-choice Medium
- STEM (ours) 1.073,146  1911,728 174 24 448  STEM  Pre-K'8 Natural&Diagram  Multi-choice = Fundamental

Challenge #1: Existing datasets often focus on examining expert-level ability.
Challenge #2: There is no multimodal and unified STEM benchmark.



Our STEM Benchmark

Examples of our STEM benchmark
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—asn : Identify the créss section of
Q: Think about the magnetic force Q: What kind of computer Q Vicky wondered if steel would rust. faster if sh§ added :lglis Objecz
between the magnets in each pair. component do you see? vinegar to the salt water. .She put ﬁvg into a tub Wlth'Salt
Which is true? A) Disolav Adanter/Vid water, and the other five into a tub with salt water mixed
’ Ej ) d Ay AGNEERITEE it vinegar. Which were part of an experimental group?

(A) It is smaller in Pair 1. ar

(B) It %s the same in bf)th pairs (B) CPU Socket (A) Those soaked in salt water (A) (B) (©) (D)

(C) 1t is smaller in Pair 2. (C) SATA Bus (B) Those soaked in salt water and vinegar

(i) Science (i1) Technology (111) Engineering (iv) Math

Our STEM benchmark contains vision-language multi-choice questions across
all STEM subjects, i.e., science, technology, engineering and math. These
questions cover K-12 curriculum of U.S. national standard.



Our STEM Benchmark

Basic statistics of the STEM benchmark

Subject #SKkills #Questions Average #A | #Train  #Valid #Test
Science 82 186,740 2.8 112,120 37,343 37,277

Technology 9 8,566 4.0 5,140 1,713 1,713

Engineering 6 18,981 2.5 12,055 3,440 3,486
Math 351 858,859 2.8 515,482 171,776 171,601
Total 448 1,073,146 2.8 644,797 214,272 214,077

Our STEM benchmark is the largest multimodal STEM dataset in terms of
number of skills and questions.



Skills in our STEM Benchmark

compare-properties-of-
objects

identify-rocks-and-
minerals

identify-trapezoids

nets-of-three-
dimensional-figures

predict-heat-flow

identify-ecosystems

icons logo
[ font web
[ peripherals parts
[ cables photo

compare-thermal-

energy-transfers

use-data-to-describe-

€

| others

4
/, Engineering \

climates
predict-temperature- identify-laboratory-
changes tools
<
identify-vertebrates- identify-the-

and-invertebrates

experimental-question
N\, <

compare-thermal-
energy-transfers

laboratory-safety-
equipment

match-analog-and-
digital-clocks

am-or-pm

parallel-perpendicular-
and-intersecting-lines

classify-triangles

similar-and-congruent-
figures

scalene-isosceles-and-
equilateral-triangles

parts-of-a-circle

Our STEM benchmark covers a
large number of fundamental
STEM skills.



Our STEM Benchmark
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We show the distribution of #Skills and #Questions
over the K-12 grades.



Our STEM Benchmark
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Human Performance Evaluation

SKILL ANALYSIS  Exam Score:
Sth (DD.14) Volume of iregular figures made of uit. * (Consider the progress of learning
* Measure how well humans
Skill overview - This school year Search shortcut: WC understand a STEM skill.
* Ascore higherthan 90.0 is
considered excellent for a mastered
skill.

Practicing

* Accuracy: sampled 80 questions, human
got 83.0% accuracy.

Mo practice

We enable model performance comparison to millions of elementary students.



Main Results

BN Random GPT-3 BN GPT-3.5-Turbo CLIP Zero-Shot ~ W CLIP Finetuning Human
100- 100-
80 - 80-
) @
< 60- 5 60-
5 @
o £
S 40- C 40-
< L
) l N l
0- 0-
(1) Average accuracy of all subjects. (i1) Average exam scores of all subjects.

Model performance is still far behind that of average elementary students.



Skill Analysis
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Challenging skills:
abstract knowledge &

complex reasoning




Calibration & model scaling

g5 - —®— CLIP Zero-Shot / 55 - ARN50x64
a5 - CLIP Finetuning ,/' ViT-L/14@336pX
L 7c - ~ 54- ViT-L/14
= 75 > ViT-B/32
5 65- >
% 55 - g 53- [N50 RNS0x4 RNS0x16
@)
< 45- 2
35- 32+
RN101
25 - * _ViT-B/16
25 35 45 55 65 75 85 95 0 200 400 600
Confidence (%) # Parameters (M)

Fine-tuned CLIP modelis well-calibrated. Larger models are better.



Case study

Which shape is a circle? What shape comes next?

® -0 :0 - ||

Complex reasoning and
abstract concepts are
hard for neural models.

Select the vertebrate. Hint: Mammals,
birds, fish, reptiles, and amphibians
are vertebrates.

Which animal’s mouth is also adapted to get
insects out of burrows?

bk wide spidar

Inng- b s echidng

(a) Correct predictions (b) Incorrect predictions



Conclusion
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language STEM dataset, which includes
multimodal STEM subjects with 1,073,146
multi-choice questions and 448 skills.
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Conclusion

Our benchmark has the largest vision-
language STEM dataset, which includes
multimodal STEM subjects with 1,073,146
multi-choice questions and 448 skills.

We collected fundamental STEM We evaluated foundation
STEM skills from K-12 models including GPT-3.5-
curriculum grades. Benchmark Turbo & CLIP.

We use the exam score to compare the model
with millions of K-12 students results. The
model performance is far behind human.



Dataset Leaderboard Paper

Dataset: https://huggingface.co/datasets/stemdataset/STEM

GitHub: https://github.com/stemdataset/STEM

Leaderboard: https://huggingface.co/spaces/stemdataset/stem-leaderboard
Arxiv: https://arxiv.org/abs/2402.17205



https://huggingface.co/datasets/stemdataset/STEM
https://github.com/stemdataset/STEM
https://huggingface.co/spaces/stemdataset/stem-leaderboard
https://arxiv.org/abs/2402.17205
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