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3. Data Exploration

Fall 2025

Instructor: Sangwoo Mo
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Recap: Attendance
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Recap: Team Project
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Build your team! (Deadline: Sep 18)



Recap: Course Overview
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Recap: Course Overview

Lecture 3
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Outline: Data Exploration
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Outline: Data Exploration



Descriptive Statistics
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Statistics - Central Tendency
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Mean/Median/Mode
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Mean/Median/Mode
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Robust Statistics - Mean vs. Median
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Robust Statistics - Trimmed Mean
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Statistics - Variability
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Standard Deviation
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Skewness / Kurtosis
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Moments
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Normality Test
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Case Study: Heavy-tailed Distribution
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Case Study: Heavy-tailed Distribution
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Price changes are more “peaked” than Gaussian

Mandelbrot. The Variation of Certain Speculative Prices. The Journal of Business, 1963.



Case Study: Heavy-tailed Distribution
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Wrong assumptions triggered a catastrophic crisis



Case Study: Heavy-tailed Distribution
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Necessity of advanced algorithms



Statistics - Frequency
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Pie Chart
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Bar Chart
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Box Plot
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Histogram (Empirical distribution, in a fancier word)
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…is sensitive to # of bins

Histogram (Empirical distribution, in a fancier word)



Density Estimation
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= “Smoothed” empirical distribution



Generative Models

30

= “Deep” density estimation



Case Study: GenAI as Data Explorers

31Diffusion Models as Data Mining Tools. ECCV, 2024.
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Outline: Data Exploration



Data Manifold
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Data Manifold w/ Clustering
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Case Study: Segmentation & Persona

35https://resources.audiense.com/en/blog/how-to-create-effective-marketing-segmentation-and-persona-strategies



Dimensionality Reduction
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Dimensionality Reduction
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Principal Component Analysis (PCA)



Dimensionality Reduction
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Principal Component Analysis (PCA)



Dimensionality Reduction
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t-distributed Stochastic Neighbor Embedding (t-SNE)



Dimensionality Reduction
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t-distributed Stochastic Neighbor Embedding (t-SNE)



Dimensionality Reduction
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t-distributed Stochastic Neighbor Embedding (t-SNE)



Dimensionality Reduction
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Deep Representation Learning



Dimensionality Reduction
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Deep Representation Learning

The Platonic Representation Hypothesis. ICML Position Paper, 2024.



Time-series
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Time-series Components
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Time-series Components
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Fourier Decomposition
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Time-series ≈ Sum of sinusoidal functions



Fourier Decomposition
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Time & frequency domains



Audio Spectrogram
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Outline: Data Exploration



Univariate vs. Multivariate Analysis
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Scatter Plots
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Scatter Plots w/ Trend Lines
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(Pearson) Correlation
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(Pearson) Correlation
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Spearman’s Rank Correlation
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Spearman’s Rank Correlation
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Heatmaps
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Contour Plots
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Matrix Plots
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Correlation ≠ Causation
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Correlation ≠ Regression
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Correlation ≠ Regression
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𝑦 = 𝐴𝑥 + 𝑏 + 𝜖 𝑥 = 𝐴𝑦 + 𝑏 + 𝜖



Causal Graph
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Causal Graph
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Causal Discovery
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Summary: Data Exploration


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67

