DaCCoTA

DAKOTA CANCER COLLABORATIVE
ON TRANSLATIONAL ACTIVITY

Dr. Mark Williamson

Biostatistics, Epidemiology,
and Research Design Core




DaCCoTA

DAKOTA CANCER COLLABORATIVE
ON TRANSLATIONAL ACTIVITY

IND,

UUUUUUUUUUUU

Opening KORTH BAKOTA

Goal: Explore the frontiers of statistical methods and techniques
Go over some of the current state-of-the-art procedures

Stare down looming problems
Describe a framework of potential solutions
Equip ourselves with resources \/

Strike out towards new statistical worlds through
scientific paper examples V. ’
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Curre nt St atus KORTH BAKOTA.

Generalized Linear Mixed Models Simulation

Ordinary least squares > Maximum Likelihood [1]

Generalized: beyond Gaussian distribution
(Poisson, Beta, Logistic, Negative Binomial, etc.)

Mixed: Including fixed and random effects

Everything in one place (GLMMs for Everything)

Bayesian Methods

Does not depend on sample size
Always open to new data

Modern computing allows for posterior simulation
(MCMCQ)

Lots of activity (Bayesian Analysis Modules)

For every frequentist method, there is usually a
Bayesian equivalent

Modern computing allows for powerful uses

Can generate confidence intervals by
bootstrapping, use MC to investigate the
performance of statistical procedures, and generate
estimate posterior distributions [2]

More simply, can create mock data with known
characteristics

Also, a core component of resampling methods [3]

Machine Learning

Branch of Al focusing on use of data and algorithms
to improve with more data

Notably used in classification, prediction, and data
mining [4-5]

Again, lots of activity (future Special Topics talk
planned for later this year)
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High-dimensional data Cutting-Edge Statistical Methods for a Life-

Many more variables than observations (no-no in standard Course Approach [9]

regression) Regression with covariates

Examples: healthcare data, financial data, genomics [6] Hazard modeling

Methods: Ridge, Lasso, & Principal Components regression, etc. [7] Individual growth modeling

Structural equation modeling

Statistical Techniques Data Scientists should Master [8]
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Linear Regression

*  Simple
*  Multiple

I ! L } Propensity score analysis
Techniques Data Scientists shoul L .. .
Degression discontinuity analysis

Classification Subset Selection
* Logistic Regression * Forward

* Discriminant Analysis +  Backward
* Stepwise

Frontiers of Statistics [10]

U,-U \ii.

Resampling Methods |
+  Bootstrapping .
* Cross Validation ‘o

s YT
Shrinkage

+ Ridge Regression

L]
Dimension Reduction
*  Principal Components
Regression
+ Partial Least Squares

g
.

* Linear Discriminant Analysis
* Quadratic Discriminant Analysis

*  Best

YA |

Nonlinear Models
* Step Fuction

Tree-Based Methods
+« Bagging
* Boosting

* Piecewise Function b *  Random Forest

* Splines i \ )

* Generalized Additive Mode I | support Vector Machines (SVM) 7)(

Unsupervised Learning

*  Principal Component Analysis
+ K-Means Clustering

* Hierarchical Clustering

Semiparametric Modeling
Nonparametric Models

Statistical Learning and Bootstrap
Longitudinal Data Analysis
Statistics in Science and Technology
Financial Econometrics

Parametric Techniques and Inferences
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Looming Problems [l

Overly Simple / Outdated Models Replication and Significance
Basic statistics where better modeling would be Replication crisis
helpful
Large random errors
‘Nothing is really normally distributed’ :
Underpowering
Lots of noise or small signal needs careful :
parsing Problems with p-values [13]
Research Question -> Statistical Model -> Computational Limits [14]

Computer coding problem

Large, complex datasets are becoming common
Large Datasets [11-12]

Even with powerful computing, some problems

High dimensionality and large sample size take too long for a brute solution (ex.
(computer) phylogenetics)

Multiple comparisons / spurious correlations Other take a lot of time to train (Al models)
Multiple aggregations -> heterogeneity and Hardware supplies are also limited
experimental design Likely a shift from computing power to
Coherent stories and results (metagenomics algorithmic innovation

problems) -> use imagination
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Change Framework Better Models
Bayes Simplify -> GLMMs, better experimental
design, model selection
Mandelbrot

Complexify -> nonlinear, multivariate,
machine learning, etc.

_,Q 2O

Adapt -> take methods and approaches from
other disciplines and use them in your own

New Models

Will depend on the specific problems and
discipline

Keep on lookout in journals & other areas

The real frontier...
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Journals
The R Journal
Journal of Statistical Software
Frontiers in Applied Mathematics and Statistics

Websites/Videos

Big Problems in Statistics [18]

Solve Every Statistics Problem with One Weird
Trick [3]

Books
An Introduction to Statistical Learning [19]
The Elements of Statistical Learning [20]

Frontiers of Statistics [10]
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Resources

Papers

What are the Open Problems in Bayesian
Statistics? [21]

Cutting-Edge Statistical Methods for a Life-Course
Approach [9%

Multilevel Methods and Statistics: The Next
Frontier [22]

SSP: an R package to estimate sampling effort in
studies of ecological communities [23]

New Models and Methods for Applied Statistics:
Topics in Computer Experiments and Time Series
Analysis [24]

Gamma-ray blazer variability: new statistical
methods of time-flux distributions [25]

New Author Guidelines for Displaying Data and
Reporting Data Analysis and Statistical Methods in
Experimental Biology [26]
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et N L Journal {t}lf_._ﬁ't::Itf;s‘tfr:.m’._._'5.‘(1_)‘_1?'3{.-’::1?‘&?
e : .’ — - » January 2022 Volume J'r!'.'lf. fszue 1. doi: f!'.rl‘.':-'!"--.-".'-' Ssa vl 01407

l" frontiers

8 The R ] ournal in Applied Mathematics
’ Volume 13/2, December 2021 alﬂld Statistic S
A peer-reviewed, open-access publication of the
R Foundation for Statistical Computing
D *
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GUlIded tour of Baye

sian regression [27]

BEsmarter  Presentation Univariate Models Multivariate Models Hierarchical L

o Bayesian Boots n Model Averaging
BEsmarter is a team of friends from Universidad EAFIT (Medellin, Colombia) that promoves research, teaching and
BEsmarter encoding of Bayesian Econometrics with social responsibility.
Bayesian Econometrics: simulations Bayesian Econometrics allows establishing a framework that simultaneously unifies decision theory, statistical

. . inference, and probability theory under a single philosophically and mathematically consistent structure.
models and applications to research, P Y y gep phically Y

teaching and encoding with responsibility
, VISION
7( U‘U‘) x 7( ) Jf(_r,rlli,! BEsmarter envisions a worldwide econometric research, teaching and applications based on a Bayesian framework that:
inspire new econometric ideas.

Smarter create a user friendly environment for applications of Bayesian econometrics.

fransform clasic econometric research, teaching and applications.

5 i . and where one of the main concerns of science is to solve social problems.
fly) =] m(0)f(ylo)ao
JO
Professor Andres Ramirez Hassan MISSION
Mateo Graciano Londono

BEsmarter leads and excels in the generation and dissemination of Bayesian Econometric knowledge through research, teaching and software.
besmarter.team@gmail.com

We Need Trustworthy R Packages [28]

“There is a need for rigorous software engineering in R packages, and there is a need for new research to
bridge scientific computing with more traditional computing. Automated tools, interdisciplinary
graduate courses, code reviews, and a welcoming developer community will continue to democratize best
practices. Democratized software engineering will improve the quality, correctness, and integrity of
scientific software, and by extension, the disciplines that rely on it.”
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. 14 JuliaConnectoR: Integrating Julia in R Journal of Statistical Software 15
The JuliaConnectoR: A

RNN Encoder Latent Space Deeader Clockwise Counter—clockwise

Functionally-Oriented , - O R Ep— T
. oy ODE sobvez Brere o1 Fomss o 4 % //

Interface for Integrating ot o 1

Julia in R [29] CLo S : A

Fl{.flll‘e \J-: (;)'\-'{;‘1"\’18\&’\ of the architecture for modelmg the trajectories of a series Figure 2: Learning of samples from spiral trajectories with the latent time series VAE. The
(Zeos Vg )s - - -+ (Tpgs Ve ) of two-dimensional points in time. The model architecture is based points on the spiral are moving inwards over time. Half of the samples are drawn from the
on a variational autoencoder, consisting of an encoder network, a decoder network, and a clockwise spiral and half from the counter-clockwise one. The trajectories can be predicted by

latent s rith reduced dimensi litv in-betwee solving the differential equation in the VAE latent space and can be extrapolated by solving
atent space with reduced dimenslonalily in-between. it at other time points than the ones in the training data.

Journal of Statistical Software - Software Reviews 5 o .
] B : i Journal of Statistical Software — Software Reviews

Data Science in Stata 16:
Frames, Lasso, and Python

Integration [30] e

Figure 2: Matplotlib’s pyplot 3D plot of the K-means clustering in Python applied to Stata’s
classic 1978 automobile data set.

Figure 1: Matplotlib plot made by python script execution in Stata 16.
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Dawoud-Kibria Estimator for Beta Editorial on Machine Learning in

Regression Model: Simulation and Natural Complex Systems [32]
Application [31]

TABLE 1 | List of commonly used non-metric proximity measures in various
¥ + g £ £ domains.
Measure Application field
0.43 019
Dynamic Time Warping [DTW) (6) Time series or spectral alignment
Inner distance (7) Shape retrieval e.g., in robotics
- Compression distance (8) Generic used also for text analysis
x2 0.4 0.22 Smith Waterman Alignment (5) Bioinformatics
Divergence measures (9) Spectroscopy and audio processing
r 04 Generalized Lp norm (10) Time series analysis
3 0.24 Non-metric modified Hausdorff (11) Template matching
L 02 [Domain-specific) alignment score (12) Mass spectrometry
x4 Fo (—  all-trans-retinal Fenretinide
CanHas0 CasHa3NO2
0.2 MNen-Toxic J
CC(C=C\CL...))C)C)=CIC=0 Morgan [0 o ‘
Encode as ™, CC\C=C\C1]...])2=C({0)C=C2 Flngerprln! EJOOO k' [} Pairwise Kulczynski
F N4 \e Smiles CCCCCC.ACIC)(C02 [UO(} 01 0]| Similarity Kernel
CCUC)C ). ]JC=3)C{F)(F)F Vef-“°" ...000"
x5 0.14 «0.20 - e
Toxic =
iy
0.8 ;
w7 0.50 Cannabinol  (E,E)-hydramethyinon
o Co1HasQ2 CasHa4FgNy

FIGURE 2 | Preprocessing workflow for creating the Tox-2 1 datasets. Chemicals reprasented as SMILE codes aretranslated to Morgan Fingerprints. The kemel is
RGURE 1 | visualzation of the comelation mairis, created by using an application related pairwise similarty measure on the Morgan Fingerprints, in this case so-called Kulczynsk.
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NORTH DAKOTA.

Conclusions

Statistics is a wide topic used in many
applications
There is no, single, monolithic frontier
Rather, there are frontiers on many edges
Whether reframing, modifying, or
developing new models, there are a lot of
exciting possibilities
Start your journey today &

¢ S
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