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Supplementary Material

The supplementary material is structured as follows:
e More details about the dataset construction in 1.

 Surface question-answer pairs generation prompt tem-
plate in 2

* Answer extraction from predicted captions prompt
template in 3

* Video reasoning-based question-answering generation
prompt template in 2

* More details about the dataset statistics in 4.

* More details about the evaluation strategies in 5.

» Surface question-answering judgement prompt tem-
plate in 6.

* Reasoning-based question-answering
prompt template in 7.

judgement

* More analysis about the model size and overall perfor-
mance in 8.

* More analysis about the visual token reduction in 9.

1. More Details About Video-MMLU Con-
struction

For video caption, we first use Aria [7] to capture the tem-
poral motion of the video from a global perspective. We set
the sampling rate to 1 frame per second, with a resolution
of 980. We present the framework of Video-MMLU con-
struction process as shown in Figure Al .

GPT-40 —  Frame Caption *]
Video { Claude-3.5 — Dlmt Y'dfo
escription
Aria ——  Video Caption 4@:&2 %F:,'.Z'-'s
Only check number and formula
Do not add any new element
Transcript Claude-3.5
Refined Vid
erine - 0 Human Check
Description

Reduce Hallucination

Figure A1l. Video-MMLU construction pipeline.

2. Question-answer Pairs Generation Prompt
Template of Video-MMLU

To decompose the ground-truth structured detailed captions
in Video-MMLU, we utilize Claude-3.5-sonnet as
the LLM assistant to generate numerous short question-
answer pairs for subsequent evaluation. The full prompt
and example cases are presented as followings:

Type Prompt

SYSTEM You are an intelligent chatbot designed for generating
20 question-answer pairs given a detailed description of
a video or image. You are describing the video.

Here’s how you can accomplish the task: INSTRUC-
TIONS: - Cover the main objects and actions in the
video or image.

- The questions should be open-ended and start with
’What’, "Who’, "Where’, "When’, "Why’, "How’, etc.

- The answer should be a short sentence or phrase.

- Generate 20 question-answer pairs.

User Please generate 15 question-answer pairs given a de-
tailed description of a video or image: detailed descrip-
tion: In this comprehensive mathematical exploration,
the lecture delves into the fundamental nature of the ex-
ponential function e’ by examining its defining prop-
erties and unique characteristics. The presentation be-
gins with a crucial questioning approach, shifting from
”What is e’ %o the more profound inquiry What proper-
ties define e'?” This methodological shift proves instru-
mental in understanding the function’s essence ...
Please generate the response in the form of a Python list
of tuple with the question and the corresponding answer.
DO NOT PROVIDE ANY OTHER OUTPUT TEXT OR
EXPLANATION. Only provide the Python list of tuple.
For example, your response should look like this: [(the
question 1, the answer 1), (the question 2, the answer 2),

N

Claude [’question”: “What background color is used in the
visual presentation?”, “answer”: “Dark background”,
“question”: ”What is the initial condition of e’ men-
tioned in the lecture?”, “answer”: e’ = 17, ”ques-
tion”: "What is the approximate value of e~ 2 shown
in the presentation?”’, “answer”: “0.135”, question”:
“What is the value of €°.675 shown in the lecture?”,
“answer”: 7314.19”, question”: “What is the approx-
imate value of e!.27?”, “answer”: 3.58”, “question”:
“What is the approximate value of €*.07?”, “answer:
”21.47”, "question”: ”"What is the approximate value of
€2.1777, “answer”: ”8.73”, “question”: "What are the
strategic marker positions shown on the number line?”,
“answer”: 25, 50, and 75”, ’question”: “What is the ap-
proximate value of e*.867”, “answer”: ”128.81”, ”ques-
tion”: ”What is the approximate value of ¢*.967”, "an-
swer”: ”52.37”, "question”: "What is the approximate
value of €°.37?”, "answer”: ”1.45”, question”: “What
is the typical span of the number line shown?”, "an-
swer”: 70 to 9, sometimes extending to 800, “ques-
tion”: ”What label is given to the horizontal number
line?”, “answer”: Position”, ’question”: "What visual
elements are used to show relationships on the number
line?”, “answer”: ”Arrows pointing to positions and ve-
locities™, “question”: ”What is the derivative of XY,
“answer”: 72et”, ... ]

User [Manually check and refine]
3. Predicted Answer Extraction Prompt Tem-
plate

Given the question-answer pairs based on the ground truth
caption, we utilize Claude-3.5-sonnet to extract pre-
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dicted answers based on the generated caption by our de-
signed prompt template. The complete prompt is shown as
followings:

Type Prompt

SYSTEM You are an intelligent chatbot designed for providing ac-
curate answers to questions related to the content based
on a detailed description of a video or image.

Here’s how you can accomplish the task:”
##INSTRUCTIONS:

- Read the detailed description carefully.

- Answer the question only based on the detailed de-
scription.

- The answer should be a short sentence or phrase.

User Please provide accurate answers to questions related to
the content based on a detailed description of a video or
image:
detailed description: This detailed mathematics tutorial
video provides comprehensive instruction on applying
the product rule for derivatives, featuring a consistent
bright green background and an engaging male instruc-
tor positioned in the lower right corner, dressed in a dark
jacket. The instructor maintains an enthusiastic and ap-
proachable teaching style throughout the presentation,
making complex calculus concepts more accessible to
viewers.
question: What color is the video background?

DO NOT PROVIDE ANY OTHER OUTPUT TEXT OR
EXPLANATION. Only provide short but accurate an-
Swer.

Claude Bright green.

4. More details about Video-MMLU Statistics

We collect videos from the open-source platform YouTube,
primarily sourced from ten video creators. Their channel
homepage links are as follows:

* brain-station-videos

* cpmrana

¢ AndyMath

* aleksandr-physics

¢ 3bluelbrown

* LittleSaigonWack

* ProfessorDaveExplains

e DrTrefor

¢ MathVisualProofs

* TheOrganicChemistryTutor

Figure D3 and Figure indicates the word distribu-
tion of the video detailed captions and reasoning question-
answering in Video-MMLU.

including

concept sum

careful proof

*Pfinal crucial
derivative clearly

triangle (Throughout

elegant

visualization

begineright

Visua ke ©
blue:

serves

series

e solutionINSTructor

Figure D2. Word cloud of lecture detailed captions in Video-
MMLU, showing the diversity.

5. More Details about the Evaluation Strate-
gies

The latest versions of the evaluated properi-

etary models before March 2025 were

Gemini-1.5-Flash-002, GPT-40-2024-05-13,

and Claude-3.5-sonnet-20241022.

For the visual QA track, we require models to provide
concise responses via the system prompt ‘Answer briefly
and directly in one sentence.” and limit max_new_tokens
to 64. For the video captioning track, we allow
max_new_tokens to follow each model’s default setting
and prompt with the designed instruction in different length
randomly as follow:

* The images are given containing equally spaced video
frames. Please imagine the video based on the sequence
of frames, and provide a faithfully detailed description of
this video in more than three sentences.

* You are given a sequence of equally spaced video frames.
Based on these frames, imagine the full video and provide
a detailed description of what is happening in more than
three sentences.

* The following set contains equally spaced video frames.
Imagine the video from which these frames were taken
and describe it in detail in at least three sentences.

* Below are equally spaced frames from a video. Use these
frames to visualize the entire video and provide a detailed
description in more than three sentences.

* A sequence of equally spaced video frames is presented.
Please imagine the full video and write a faithfully de-
tailed description of the events in more than three sen-
tences.

* The images provided include equally spaced frames from
a video. Based on these frames, imagine the video and
describe it comprehensively in at least three sentences.

* You are given equally spaced frames from a video. Use
these frames to envision the entire video and provide a
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Figure D3. Word cloud of different question-answering pairs in Video-MMLU, showing the diversity.

detailed description of the events in more than three sen-
tences.

The sequence includes equally spaced frames from a
video. Imagine the full video based on these frames and
provide a detailed description in more than three sen-
tences.

The provided images contain equally spaced frames from
a video. Visualize the video from these frames and de-
scribe it in detail in more than three sentences.

Here are equally spaced frames from a video. Based on
these frames, imagine the video and provide a detailed,
faithful description of it in more than three sentences.
The set of images includes equally spaced video frames.
Please imagine the video these frames come from and de-
scribe it comprehensively in at least three sentences.
Describe the video based on these frames in a few sen-
tences.

Explain the video using these frames.

Imagine the video from these frames and describe it in
detail in a few sentences.

Based on these frames, provide a narrative of the video in
more than three sentences.

Describe the events in the video shown by these frames in
at least three sentences.

Visualize the video from these frames and explain what is
happening in more than three sentences.

Describe the sequence of events in the video depicted by
these frames in a detailed manner.

Given these equally spaced frames, imagine the entire
video and provide a detailed description of the events, in-
cluding the setting, characters, and actions, in more than
three sentences.

Visualize the video based on these frames and write a
comprehensive description of what happens, describing
the beginning, middle, and end in at least three sentences.
Using these frames as a reference, imagine the full video
and provide a thorough description of the plot, including
key details and actions, in more than three sentences.
Based on the sequence of these frames, describe the entire
video in detail, mentioning important aspects such as the
context, movements, and transitions in more than three
sentences.

* Imagine the video that corresponds to these frames and
provide an elaborate description, covering the storyline,
visual elements, and any notable features in at least three
sentences.

We use Qwen2.5-72B [15] as the LLLM evaluation assis-
tant and accelerate with LMDeploy [5].

6. Correctness Evaluation for Detailed Cap-
tioning Prompt Template

Following [11], we evaluate the correctness and score of the
predicted answers with the assistant of Qwen2.5-72B [16].
Given the question, correct answer, and predicted answer
from the generated caption, Qwen2.5-72B [16] should
return the True or False judgement and relative score (0 to
5). We specially design a strict prompt for OCR-related
question-answering evaluation. The complete prompt is
shown as followings:

Type Prompt

SYSTEM You are an intelligent chatbot designed for evaluating the
correctness of generative outputs for question-answer
pairs.

Your task is to compare the predicted answer with the
correct answer and determine if they match meaning-
fully. The evaluation criteria differ based on the type
of question:

##INSTRUCTIONS:

1. For OCR-related questions:

- Perform a strict letter-by-letter comparison.

- Any difference in characters (including case, punctua-
tion, or letter substitution) must result in *no’.

- Minor spelling errors or missing characters should not
be accepted.

2. For non-OCR-related questions:

- Focus on the meaningful match between the predicted
answer and the correct answer.

- Synonyms or paraphrases can be considered valid
matches.

- Minor spelling differences or alternative expressions
should not be penalized.

User Please evaluate the following video-based question-
answer pair:

relate
black background making
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Question: What specific DNA sequence is shown in the
presentation?
Correct Answer: TCCGTGCAGTAAATGC
Predicted Answer: TTCCGTAATACGACTGCGC
Provide your evaluation only as a yes/no and score
where the score is an integer value between 0 and 5, with
5 indicating the highest meaningful match.
Please generate the response in the form of a Python dic-
tionary string with keys ’pred’ and ’score’, where value
of ’pred’ is a string of "yes’ or 'no’ and value of ’score’
is in INTEGER, not STRING.
DO NOT PROVIDE ANY OTHER OUTPUT TEXT OR
EXPLANATION. Only provide the Python dictionary
string.
For example, your response should look like this:
{’pred’: "yes’, ’score’: 4.8}.

Qwen2.5 {’pred’: 'no’, ’score’: 0}

7. Correctness Evaluation for Reasoning QA
Prompt Template

Following [11], we evaluate the correctness and score of the
predicted answers with the assistant of Qwen2.5-72B [16].
Given the question, correct answer, and predicted answer
from the generated caption, Qwen2.5-72B [16] should re-
turn the True or False judgement and relative score (0 to
5). We ask the LLM assistan focus on the evaluation of the
reasoning process. The complete prompt is shown as fol-
lowings:

Type Prompt

SYSTEM You are an intelligent chatbot designed for evaluating the
correctness of generative outputs for reasoning-based
question-answer pairs.

Your task is to compare the predicted answer with the
correct answer based on the following rules:
##INSTRUCTIONS:

1. Evaluate Reasoning Tasks Strictly:

- The predicted answer must capture all critical concepts
and details mentioned in the correct answer.

- If the correct answer mentions specific concepts or ex-
amples (e.g., ’odd numbers accumulate to form perfect
squares’), the predicted answer must include these con-
cepts or examples.

- Even if the phrasing differs, the key meaning and con-
cepts must be preserved. However, omitting or altering
key concepts or examples is not acceptable.

- Example 1: If the correct answer is *The construction
method shows how odd numbers accumulate to form
perfect squares,’ the predicted answer must include *odd
numbers’ and "perfect squares.” - Example 2: If the cor-
rect answer is "To eliminate HBr and form an alkene,” the
predicted answer must address the elimination of HBr as
well. - Minor differences in phrasing are acceptable as
long as the key information is retained. - Critical De-
tail: If any essential element (e.g., key terms, concepts,

or examples) is missing from the predicted answer, the
answer is considered incorrect. - Do net introduce new,
unrelated information in the predicted answer.

User Please evaluate the following video-based question-
answer pair:
Question: What role does RNA polymerase play in the
lac operon system?
Correct Answer: It initiates transcription of the struc-
tural genes when allowed access to the promoter region
Predicted Answer: RNA polymerase binds to the pro-
moter gene and transcribes the structural genes when lac
operon is active.
Provide your evaluation only as a yes/no and score
where the score is an integer value between 0 and 5, with
5 indicating the highest meaningful match.
Please generate the response in the form of a Python dic-
tionary string with keys ’pred’ and ’score’, where value
of pred’ is a string of ’yes’ or 'no’ and value of ’score’
is in INTEGER, not STRING.
DO NOT PROVIDE ANY OTHER OUTPUT TEXT OR
EXPLANATION. Only provide the Python dictionary
string.
For example, your response should look like this:
{’pred’: "yes’, ’score’: 4.8}.

Qwen2.5 {’pred’: ’yes’, ’score’: 5}

8. More Analysis About the Model Size and
Overall Performance

As shown in Figure 8, we visualize the relationship be-
tween model size and the average performance across video
detailed captioning and question-answering tasks. Gener-
ally, larger models (over 20B) tend to achieve better per-
formance, but the scaling trend is not strictly linear. While
some models, such as InternVL2.5 [3], show consistent im-
provements as size increases, others [8, 12] exhibit fluctuat-
ing gains. Notably, certain mid-sized models (e.g., around
8B-13B parameters) might outperform larger ones, sug-
gesting that beyond model size, architecture and training
strategies play a crucial role in lecture understanding. Ad-
ditionally, proprietary models like Gemini-1.5-F1lash,
GPT-4o0, and Claude-3.5-sonnet significantly out-
perform open-source models, highlighting a substantial gap
in LMM capabilities.

9. More Analysis about the Visual token Re-
duction

We supplement Table 11 with the performance of various
visual-token reduction models on video detailed captioning
and reasoning-based QA tasks in Video-MMLU. As a core
design of AuroaCap [2], token merging plays a crucial role
in reducing visual token redundancy. Therefore, we sys-
tematically test AuroraCap [2] under different visual token
kept ratios to analyze how varying compression levels af-
fect video detailed captioning capability to understand its
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Figure H4. Relationship between model size and the average video captioning and question-answering performance. The shaded
region shows the confidence interval, with darker colors indicating better performance.

Table I1. Results of visual token compression models on Video-MMLU.

Notebook Quiz
Models LIM # Tokens Per Frame Overall Avg. Math Physics Chemistry | Avg. Math Physics Chemistry
Chat-UniVi [6] Vicuna [4]-7B 112 2482 | 2173 1668 2697 21.55 2791 2385 2535 34.55
Chat-UniVi-7B-v1.5 [6] Vicuna [4]-7B 112 1866 | 13.62 1030  16.84 1374 | 2370 2121 2392 25.98
Vicuna [4]-7B 2 1907 | 1387 811 1416 19.33 2427 1232 2024 40.25
LLaMA-VID [10] Vicuna [4]-13B 2 2172 | 1353 1008 1250 1800 | 3335 28.08 2663 4534
48 2145 | 1836 1675  15.00 2333 2365 1946 1224 39.26
79 2219 | 1955 1649  17.50 2466 | 2484 2123 1334 39.97
110 2661 | 2018 1606  19.16 2533 33.09 2108 3808 40.11
172 2331 | 1962 1735  17.50 2400 | 27.00 1917  26.67 35.17
265 2290 | 1955 1674  26.66 15.25 2514 2534 20.12 29.96
Vicuna [4]-7B 327 2753 | 1784 1564 2256 15.33 3721 2808 3331 50.23
AuroraCap [2]
389 2621 | 1897 17.00  22.57 17.35 3344 2328 2693 50.12
451 2586 | 1931 1393 2134 22.65 3144 2327 2073 5033
544 2160 | 19.17 1632  20.83 2035 2632 2054 1343 45.00
606 2187 | 1878 1521 2083 2031 2395 2354 1297 3535
668 1710 | 1413 1256 1583 1400 | 2007 2261 657 31.03
730 2083 | 1678 1495  21.33 14.07 2522 2330  6.64 4571
) Qwen2.5 [15]-2B 16 2545 | 27.03 2509 25.15 3086 | 2553 2164 993 45.02
VideoChat-Flash [9] Qwen2 [13]-7B 16 2771 | 3058 30.17 3343 28.15 | 2483 1782 1339 43.29
InternVideo2.5 [14] InternLM2.5 [1]-7B 16 3229 | 3340 2974 3005 4042 | 3118 2465 3327 35.62
PVC[17] InternLM2.5 [1]-7B 64 3000 | 3370 2743 3833 3533 2629 2807  20.53 30.29
impact, where the number of remaining visual tokens per chemistry. This suggests that structural elements like for-

frame varies from 49 to 730.

Figure I5 illustrates the impact of visual token reduc-
tion on performance across video detailed captioning and
reasoning-based QA tasks in different disciplines. Over-
all, most models retain over 80% of their peak performance
even when keeping only 20%—40% of visual tokens, sug-
gesting that significant token compression is feasible with-
out severe degradation. However, performance does not fol-
low a strict monotonic trend, indicating that the sequential
nature of videos introduces additional complexity in token
merging, leading to non-trivial effects on performance.

When comparing captioning and QA tasks, we observe
that captioning performance remains relatively stable across
different token kept ratios, particularly in mathematics and

mulas and static visual cues are more resilient to compres-
sion. In contrast, QA performance, especially in physics
and chemistry, exhibits sharp fluctuations, highlighting the
greater sensitivity of reasoning-based tasks to token reduc-
tion. The varying performance across disciplines further re-
inforces that subjects relying on dynamic visual elements,
such as physics and chemistry, require a higher number of
retained tokens to maintain accuracy.

Interestingly, optimal performance does not always oc-
cur at the highest kept ratio but rather at a mid-range level.
This indicates that moderate token merging can improve ef-
ficiency without significantly compromising performance,
but excessive compression leads to information loss, par-
ticularly in reasoning-heavy tasks. Since AuroraCap [2]
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Figure I5. Ablation study of token merging in AuroraCap [2] on Video-MMLU.

primarily focuses on spatial token merging without explic-
itly addressing temporal dependencies, these results suggest
that additional strategies are needed to optimize token merg-
ing for time-dependent visual reasoning. The results also
imply that different tasks and disciplines may benefit from
customized token compression strategies rather than a one-
size-fits-all approach.

We also compare its effectiveness in video detailed cap-
tioning and reasoning-based QA tasks across different de-
sciplines in Figure 16. In the overall performance plot,
QA scores (purple line) generally exceed captioning scores
(green line) across most token kept ratios, with the largest
gap (gray bars) appearing at mid-range ratios (0.4-0.6). Al-
though AuroraCap [2] is designed as a video captioning
model, its captioning performance on Video-MMLU lags
behind its QA performance. We believe that the results is
relative to its token merging strategy, which is based on to-
ken similarity. In lecture videos, crucial text patches con-
taining key information may be merged due to embedding
similarity, leading to degraded caption quality. Reasoning
tasks initially benefit from retaining more visual tokens but

do not necessarily improve at the highest kept ratios. How-
ever, when extreme compression is applied (ratios below
0.2), both QA and captioning performance drop sharply, re-
inforcing the importance of maintaining a sufficient num-
ber of tokens. Across different disciplines, mathematics
shows a relatively small gap between QA and captioning
across all token ratios, suggesting that both tasks require
a similar level of visual information. In physics, QA per-
formance starts significantly lower than captioning at high
token counts but surpasses it as fewer tokens are retained,
indicating that sequential reasoning in physics may require
a more refined token selection strategy. Chemistry consis-
tently shows the widest gap favoring QA, particularly at
mid-range token ratios, suggesting that chemistry reason-
ing benefits more from retaining structured visual elements
and textual annotations.

To provide a more intuitive comparison, we present Au-
roraCap [2]’s video captioning results at different token kept
ratios on a video about the Arithmetic Mean-Root Mean
Square Inequality demonstration. We observe that as the vi-
sual token kept ratio increases (retaining more tokens), the
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Figure 16. Performance comparsion of token merging in AuroraCap [2] on Video-MMULUacross different discipline.

generated captions become progressively shorter.

# Token Describe this image in detail. (Figure ?? Row 1)

GT The educational video opens with a distinctive ti-
tle screen displaying “MVPs” and “The Arithmetic
Mean-Root Mean Square Inequality” against a dark
background, accompanied by a geometric logo in blue
and purple tones and a subscribe button with a thumbs-
up icon.

The mathematical presentation establishes its fundamen-
tal premise by introducing two positive real numbers, a
and b, displayed against a black background. The ge-
ometric construction begins with two adjacent squares:
a blue square with side length a and a maroon square
with side length b. This fundamental construction serves
as the foundation for demonstrating a profound rela-
tionship between arithmetic and quadratic means. Each
square is methodically divided by diagonal lines inter-
secting at their respective centers, creating four congru-
ent triangular sections. This division is crucial as it cre-
ates isosceles right triangles within each square, with
legs measuring a/2 in the blue square and b/2 in the
maroon square.

The geometric visualization advances by connecting the
center points of the two squares, forming a right trian-
gle with legs measuring a/+/2 and b/+/2. These mea-
surements arise from the fact that these segments are hy-
potenuses of the isosceles right triangles formed within

each square. Through the application of the Pythagorean
theorem to this connecting triangle, the hypotenuse mea-
sures y/a?/2 + b2 /2. The construction creates a trape-
zoid formed by two isosceles right triangles and the con-
necting triangle, which proves fundamental to establish-
ing the inequality: § + % < % + %.

The proof, credited to Juan-Bosco Romero Mérquez, el-
egantly demonstrates that equality occurs if and only if
a = b. This condition becomes geometrically evident
as the squares would be identical in this case, creating
a symmetric configuration. Throughout the presenta-
tion, the squares maintain their distinct blue and ma-
roon/purple coloring, with their dimensions consistently
labeled. When the squares overlap, the resulting purple-
shaded intersection area provides additional visual in-
sight into the mathematical relationship.

The visualization effectively combines algebraic ex-
pressions with geometric representations, demonstrat-
ing how the arithmetic mean (represented by (a/2 +
b/2)) relates to the root mean square (1/a?/2 + b2/2)
through the careful arrangement and interaction of col-
ored squares and triangles. This geometric approach
provides a compelling visual proof of the arithmetic
mean-root mean square inequality, showing that the
arithmetic mean of two positive numbers is always less
than or equal to their root mean square, with equality
occurring only when the numbers are identical.
Multiple variations of the core geometric arrangement
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Figure I7. Example video frames in Video-MMLU. The video YouTubeID is 9QybaswKT'I, which is focus on the demonstration of the
Arithmetic Mean-Root Mean Square Inequality, provided by Mathemativs Visual Proofs.
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are presented, each emphasizing different aspects of the
inequality. The black background provides strong con-
trast for the blue, maroon, and purple geometric ele-
ments, ensuring the mathematical relationships remain
clear and visually striking. Every frame builds upon
the previous understanding, with careful attention to la-
beling, color coding, and the precise geometric rela-
tionships between the squares and triangles, maintaining
consistent use of variables throughout while demonstrat-
ing their relationships both algebraically and geometri-
cally.

The video presents a vibrant and engaging exploration
of mathematical concepts, focusing on the properties of
triangles. It begins with a bold statement, A triangle is
a real number,Setting the stage for a deep dive into the
world of geometric shapes. The scene transitions to a
black background, where a large, brightly colored tri-
angle dominates the frame. The triangle is divided into
two distinct sections, each filled with a different color,
creating a striking visual contrast.

As the camera pans across the triangle, it reveals a series
of mathematical equations and expressions that high-
light the relationship between the lengths of the sides
and the angles of the triangle. The text, A triangle is a
real number. (equivalently, if f is a function, then f(a)
is a real number),dppears, further emphasizing the con-
nection between mathematical concepts and real-world
applications. The camera then zooms in on the triangle,
allowing viewers to appreciate the intricate details of the
shapes and the precise placement of the mathematical
notations.

The video continues to explore the triangle’s properties,
showcasing various angles and their corresponding ex-

79

pressions. The camera pans slowly, allowing viewers
to absorb the information and appreciate the beauty of
the geometric shapes. The background transitions from
black to a gradient of blue and purple, enhancing the vi-
sual appeal and drawing attention to the mathematical
content.

As the video progresses, it delves deeper into the tri-
angle’s attributes, including its area and the sum of its
angles. The camera captures the angles with precision,
highlighting their significance in the triangle’s structure.
The text, A triangle is a real number. (equivalently, if f
is a function, then f(a) is a real number),feappears, rein-
forcing the connection between mathematical concepts
and real-world applications.

The video concludes with a thoughtful reflection on the
triangle’s significance, emphasizing its role as a funda-
mental shape in mathematics. The camera zooms in on
the triangle, allowing viewers to appreciate the intricate
details of the shapes and the precise placement of the
mathematical notations. The background transitions to a
gradient of blue and purple, enhancing the visual appeal
and drawing attention to the mathematical content.
Throughout the video, the camera work is smooth and
deliberate, allowing viewers to absorb the information
and appreciate the beauty of the geometric shapes. The
use of color, lighting, and camera angles creates a visu-
ally engaging experience that highlights the importance
of mathematical concepts in our daily lives.

The video presents a vibrant and dynamic scene set in
a lively urban environment. The main focus is on a
bustling street filled with a diverse crowd of people, each
engaged in various activities. Some are walking briskly,
while others are seen enjoying leisurely strolls, creating
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a lively atmosphere. The street is adorned with colorful
buildings, each showcasing unique architectural styles,
and the atmosphere is enhanced by the presence of street
vendors and parked cars.

As the camera pans through the scene, it captures the
essence of city life, highlighting the interplay of move-
ment and stillness. The sound of chatter, laughter, and
the occasional car horn fills the air, enhancing the sense
of realism. The camera work is smooth, transitioning
seamlessly between different angles and perspectives,
allowing viewers to appreciate the depth and complex-
ity of the urban landscape.

The video transitions to a cozy indoor setting, featur-
ing a warmly lit living room where a group of friends
are gathered, engaged in animated conversation. The at-
mosphere is inviting, with soft lighting and comfortable
furniture, creating a sense of intimacy and camaraderie.
The friends exhibit a range of emotions, from laughter to
contemplation, reflecting the dynamic nature of human
interaction.

As the video progresses, it shifts focus to a serene out-
door setting, where a person is seen enjoying a peaceful
moment by the water. The tranquil environment con-
trasts with the earlier bustling street scene, providing
a calming visual experience. The camera captures the
beauty of the natural surroundings, with gentle ripples
on the water and lush greenery in the background, evok-
ing a sense of calm and reflection.

The video concludes with a return to the urban environ-
ment, showcasing a vibrant street scene filled with peo-
ple, vehicles, and colorful buildings. The camera work
is dynamic, capturing the essence of city life with a mix
of close-up shots and wider angles, allowing viewers to
appreciate the intricate details of the urban landscape.
The sound of traffic, chatter, and laughter fills the air,
encapsulating the essence of a lively, dynamic city.

The video presents a series of mathematical diagrams
and explanations, focusing on the concept of real num-
bers. The initial frame displays a large, bold text that
reads, In this video, we explore the basics of real num-
bers.This sets the stage for an educational series that
aims to delve into the intricacies of mathematical con-
cepts.

As the video progresses, the visuals transition to a vi-
brant display of geometric shapes and lines, creating a
striking contrast against a dark background. The shapes
are primarily triangles, with one large triangle in a deep
purple color and a smaller one in a lighter shade, both
outlined in white. The triangles are interconnected by
lines, forming a complex network that suggests a visual
representation of mathematical relationships.

The narrative is enhanced by a clear, informative text
overlay that explains the significance of the shapes and
their connections. The text is presented in a clean, white
font that stands out against the dark backdrop, ensuring
readability. The combination of visual elements and text
creates a dynamic learning experience, making the sub-
ject matter accessible and engaging.

172

265

Throughout the video, the camera work is smooth, with
a steady focus on the shapes and text, allowing view-
ers to absorb the information without distraction. The
transitions between frames are seamless, maintaining a
cohesive flow that keeps the viewer’s attention on the
educational content.

As the video nears its conclusion, the text shifts to em-
phasize the importance of understanding the source of
real numbers, as it is the foundation of all mathematical
concepts. The final frame features a concluding state-
ment that reinforces the significance of the topic, leav-
ing viewers with a deeper appreciation for the intricate
world of real numbers.

The video presents a series of mathematical diagrams
and text, focusing on the concept of real numbers and
their properties. The initial frame features a large, bold
text that reads, This is a visual proof by Juan-Borrego
of the real numbers.Below this text, a geometric figure
is displayed, consisting of a large square with a smaller
square inside it, creating a visual representation of the
concept of a real number line. The figure is color-coded,
with the larger square in blue and the smaller square in
purple, with a dotted line indicating the real number line.
As the video progresses, the focus shifts to a more com-
plex geometric figure, where the same square and line
are now enclosed within a larger square, creating a three-
dimensional perspective. The text below this frame
reads, The description for the source information. This
frame is followed by a mathematical expression, 4 =b =
2,which is highlighted in blue, indicating the equality of
the variables "a’ and "b’ with the number ’2’. The next
frame introduces a new element, a right-angled triangle
with the hypotenuse labeled *a’ and the legs labeled ’b’
and ’c’. The text below this frame states, The description
for the source information.

The video then transitions to a frame where the triangle
is rotated, revealing a new perspective. The text below
this frame reads, The description for the source infor-
mation.The final frame presents a concluding statement,
Juan-Borrego’s proof of the real numbers.The text is ac-
companied by a mathematical expression, 4 =b = ¢ =
2,which is highlighted in blue, emphasizing the equal-
ity of the variables ’a’, ’b’, and "¢’ with the number "2’.
The video concludes with a frame that features a large,
bold text stating, This is a visual proof by Juan-Borrego
of the real numbers.

Throughout the video, the background is a solid black,
providing a stark contrast to the vibrant colors of the ge-
ometric figures and text. The text is presented in a clear,
sans-serif font, ensuring readability. The overall layout
is organized and methodical, guiding the viewer through
the mathematical concepts being presented.

The video presents a mathematical explanation focusing
on the concept of real numbers, as described by the vi-
sual elements of a geometric figure. The figure is a large
square divided into smaller squares, with a diagonal line
creating a right-angled triangle. The triangle is high-
lighted in blue, with its hypotenuse labeled as ’a’ and
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the legs as 'b’ and ’c¢’. The square is labeled ’a’ and ’b’,
while the smaller squares are labeled "a’ and ’b’ as well.
The background is a deep blue, providing a contrast that
emphasizes the geometric shapes.

At the top of the video, there is a text overlay in white
that reads, This is based on a visual proof by Juan-
Bosco Rodriguez.Below this, in a larger font, the text
states, The real numbers are based on a visual proof by
Juan-Bosco Rodriguez.The text is clear and legible, set
against the dark blue background. The overall layout is
clean and organized, with the geometric figure and text
providing a clear visual representation of the mathemat-
ical concept being explained.

The video presents a mathematical concept, specifically
focusing on the relationship between the number of real
numbers and their representation. It features a geomet-
ric diagram with a large purple square and a smaller blue
square, both sharing a common side. The purple square
is divided into four smaller triangles, each labeled with
a number from 1 to 4, while the blue square is divided
into two triangles, labeled with ’a’ and ’b’. The trian-
gles are arranged in a way that suggests a visual proof
of a mathematical concept, with the purple square rep-
resenting the set of real numbers, while the blue square
represents a specific subset of these numbers. The video
is set against a black background, emphasizing the vi-
brant colors of the geometric shapes. The text overlay,
in white font, provides context to the visual, stating that
the number of real numbers is based on a visual proof by
Juan-Bosco Rojas, and it describes the source of infor-
mation as more informative.

The video presents a mathematical concept, focusing on
the relationship between the number of real numbers and
their representation. It features a geometric diagram
with a large purple square and a smaller blue square,
both sharing a common side. The purple square is di-
vided into smaller triangles, each labeled with a mathe-
matical expression. The expressions include the square
root of a number, a fraction, and a variable ’b’. The blue
square is a smaller representation of the purple square,
with a similar division into triangles, each labeled with a
different expression. The expressions are mathematical
in nature, involving the square root of ’a’ and ’b’, a frac-
tion ’a/b’, and a variable ’b’. The video is educational,
aiming to explain the concept of real numbers and their
visual representation.

The video presents a series of geometric shapes and
mathematical expressions, primarily focusing on the
concept of real numbers. It begins with a large blue
triangle, labeled ’a’, which is divided into two smaller
triangles, b’ and ’c’, creating a visual representation of
the number line. The number ’2’ is placed at the bot-
tom of ’a’, while '1’ is at the top, indicating the scale
of the number line. The shapes are set against a black
background, enhancing their visibility.

A mathematical expression, ’(2a + b) = a + b’, is dis-
played above the triangles, suggesting a relationship be-

10

544

606

668

tween the lengths of the sides. The expression is high-
lighted in white text, contrasting with the dark back-
ground. The video transitions to a purple square, ’d’,
with a smaller square ’e’ inside it, creating a visual rep-
resentation of the square root symbol. The expression
*321a(2a) = a’ is shown, indicating the square root prop-
erty. The purple square is labeled ’d’, while ’e’ is the
square root symbol. The video concludes with a text
overlay in white, stating, Juan-Bosco Roque based on a
visual proof by Jian-Bosco Roque,which credits the cre-
ator of the visual representation.

The video presents a mathematical concept, focusing on
the properties of triangles and their relationships with
real numbers. It begins with a title that reads, Juan-
Bosco Ro.Below the title, a statement explains that the
video is based on a visual proof by Juan-Bosco Ro. The
main visual element is a geometric diagram featuring a
large triangle with a smaller triangle inside it, both shar-
ing a common side. The larger triangle is colored in
shades of blue, while the smaller one is in purple. The
shared side is highlighted with a dotted line, indicating
its significance.

The video then transitions to a black background where
the text continues, stating that the description is based on
the source and more information can be found. The text
is white, providing a clear contrast against the dark back-
drop. The overall layout is clean and organized, with
the text and diagram clearly separated, allowing for easy
comprehension of the mathematical content.

The video presents a mathematical concept, focusing
on the relationship between the number of real num-
bers and their representation. It features a geometric
diagram with a large purple square and a smaller blue
square, both sharing a common side. The purple square
is divided into four smaller squares, each labeled with
a number from 1 to 4. The blue square is also divided
into four smaller squares, with the top left square labeled
’a’ and the bottom left 'b’. The video explains that the
number of real numbers is based on a visual proof by
Juan-Bosco, which is described as a source for more in-
formation. The text is overlaid on a black background,
enhancing readability. The video is educational, aim-
ing to convey the mathematical concept of real numbers
through visual representation.

The video presents a vibrant and dynamic scene featur-
ing a bustling cityscape at dusk. The sky is painted with
warm hues of orange and pink, transitioning into a deep
blue as the sun sets. Skyscrapers with illuminated win-
dows rise against the backdrop of the fading daylight,
creating a striking contrast. The streets below are alive
with the movement of people, vehicles, and the glow of
streetlights. The atmosphere is further enhanced by the
presence of a river reflecting the city lights, adding a
serene touch to the lively urban environment.
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