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Statistical Modeling: The Two Cultures 

ɈThe best thing about being a statistician is that you get to play in everyone's backyard.ɉ
- John Tukey -



Statistical Modeling: 

The Two Cultures 

Leo Breiman(2001). Statistical Modeling: The Two Cultures. Statistical Science. 

ñThereare two cultures in the use of statistical modeling to reach

conclusions from data. One assumes that the data are generated by a

given stochastic data model. The other uses algorithmic models and treats

the data mechanism as unknown. The statistical community has been

committed to the almost exclusive use of data models. This commitment

has led to irrelevant theory, questionable conclusions, and has kept

statisticians from working on a large range of interesting current

problems. Algorithmic modeling, both in theory and practice, has

developed rapidly in fields outside statistics. It can be used both on large

complex data sets and as a more accurate and informative alternative to

data modeling on smaller data sets. If our goal as a field is to use data to

solve problems, then we need to move away from exclusive dependence

on data models and adopt a more diverse set of tools.ò

Statistics is the discipline that concerns the collection, organization, analysis, 

interpretation, and presentation of data. https://en.wikipedia.org/wiki/Statistics



AI Milestones

Annotated Datasets Algorithmic modeling = Deep Learning



AI Milestones

Reinforcement Learning AI Products



AI=Application to ABC
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Medical Imaging

Å X-ray radiography

ÅComputerized tomography (CT)

Å Magnetic resonance imaging (MRI)

Å Ultrasound

Å Positron emission tomography (PET)

× Electroencephalography (EEG)

× Magnetoencephalography (MEG)

ü Functional near-infrared spectroscopy (fNIRS)

ü Mammography

ü Light microscopy images 

ü Fluoroscopy

ü Echocardiography 

Medical imaging is the technique and process used to

create images of the human body for clinical purposes or

medical science. (https://en.wikipedia.org/)

Ç These imaging methods are essential for delineating the

structure and functionality of organs and tissues.

Each modality employs a distinct targeting agent,

generates data in varying dimensions, extracts unique

features, and serves specific purposes within clinical and

research contexts.

https://en.wikipedia.org/
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Image Processing Analysis Methods

ü Image Enhancement

× Image Segmentation

ü Image Reconstruction

× Image Registration

UNC Biostatistics BIG- KP | https:// bigkp.org/

Engineering Machine 
Learning

MathematicsStatistics

Deconvolution

Structural Learning



Segmentation Annotation U-Nets

AI for Image Segmentation

R. Azad et al., ñMedical Image Segmentation Review: 
The success of U-Net.ò arXiv, Nov. 27, 2022.

Minaee, Shervin, et al. "Image segmentation using 

deep learning: A survey." IEEE PAMI 44.7 (2021): 3523-3542.

Liu, Q., Xu, Z., Bertasius, G., & Niethammer, M. (2023). SimpleClick: 

Interactive Image Segmentation with Simple Vision Transformers. 

ICCV.,  22290-22300. 2023.
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Ecological Layout for 

Imaging-based Analysis 

UNC Biostatistics

Imaging-related

Database
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Deconvolution

Structural Learning

Integration
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-
Opportunities for Statisticians

Ɉϥf our goal as a field is to use data to solve problems, then we need to move away 
from exclusive dependence on data models and adopt a more diverse set of tools.ɉ 

- Leo Breiman -
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Ride-sharing Platform is a Complex Ecosystem

Spatio-temporal Nonlinear Interactive Uncertainty Causal

Riders

Drivers

Complex Spatio-temporal SystemTwo-sided Platform

UNC Biostatistics UNC Biostatistics
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Leverage Supply-Demand Network Effect

Market 

AlphaZero
Lifetime Value

Supply-Demand Forecasting

Lifetime Value

Policy Optimization

Supply-Demand Diagnosis

Policy Assessment

UNC Biostatistics UNC Biostatistics
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Supply-Demand Forecasting

MORE THAN JOURNEY     didiglobal.com

The Problem The Goal

Model

Transfer

Recognition

Drivers

Riders

Platform

UNC Biostatistics UNC Biostatistics
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A Deep S-T Forecasting Model 

MORE THAN JOURNEY     didiglobal.com

History

Forecast

Spatio-temporal ForecastingGraph Generation

Incorporating 
multi-relationship

RNN
Contextual-gated 

temporal modeling

Non-euclidean
spatial modeling

Temporal: CGRNN

Spatio-MGCN

UNC Biostatistics UNC Biostatistics
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Deep Reinforcement Learning

MORE THAN JOURNEY     didiglobal.comUNC Biostatistics UNC Biostatistics



Generative Model 



Deep Distributional Learning

NQ network 
structure

Non-crossing 

Quantile Network



Causal Deepset for Offline Policy 

Learning

NQ network 
structure



iStar can automatically annotate cell types iStar can automatically detect positive surgical margin

IStar

Zhang et al. (2024) Nature 
Biotechnology
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Image Analysis Pipeline

Wang, X. and Zhu, H (2024). Artificial Intelligence in  Image-based Cardiovascular  Disease Analysis:   A Comprehensive Survey and 

Future Outlook 



Cross-Modality Image Synthesis

Synthetic PET

Synthetic MRI
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Computer-Aided Medical Data Analysis

fMRIPETsMRI

Multimodality

Data

Image

Processing

Feature 

Extraction/Selection

Prediction

Model

Machine Learning & Deep Learning

Neuroimage

Representation Learning

sMRI fMRI

Multimodality 

Data Fusion

CSFPETsMRI
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Data Adaptation
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Prediction Models
Imaging
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Post analysis

Data- driven dimension reduction

Disease diagnosis 
&

Risk assessment

Model
Logistic regressionNeural networkPOPDXBoosting

Purpose 
determined
data input

Joint diagnosis and evaluation

Categorized disease

Individual disease

Preprocess

Deep Lift

Feature importance extraction

SHAP

Integrated Gradients

CoxPH Deep Surv POPDxSurvDeep Hit ...

Measurement
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Knowledge Graph Construction

Yang et al., Alzheimerôs Disease Knowledge Graph Enhances Knowledge Discovery and Disease Prediction. 


