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Primary goal of data visualization is storytelling....

Storytelling with data at it’s finest
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Napoleon’s March to Moscow 1812

Minard’s work is an anti-war poster...
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Causes of Mortality in the Crimean War

PIACRAM er sux CAUSES or MORTALLITY Statistics and sanitary reform
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Florence Nightingale (1858)
Pioneer in visual presentation of
information and statistical graphics
“Nightingale rose diagram”
(equivalent to modern circular
histogram)

Sources of patient mortality in
military field hospital she
managed—reveals that majority of
deaths are due to poor hospital
practices

Report nature and magnitude of
conditions of medical care to
members of Parliament and civil
servants (unlikely audience for
traditional statistical reports)



https://en.wikipedia.org/wiki/Florence_Nightingale#Crimean_War

Cholera Qutbreak in London 1854

Early use of graphics in data analytics and hypothesis testing...

Use of visualization
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Visualization — indispensable tool in data analysis....

Data visuals as tools in data
analytics
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Storytelling with Data

Typically data visualization discussions focus on telling story you already know...

Spectrum of storytelling:
e Integrity/Quality of Data
Social networking . grity/Quality _
data — data preprocessing
Socio Economic . N Y * Data exploration and

data Predictive Analytics Model feature engineering
Fitbit o
i output... * Model validation and
Data solutions evaluation

Analytics tobusiness g8 Understanding results
problems _ _

e Relaying modeling
results to different
audiences (your clients
and friends!)

Claims data

Enrollment
data

Spectrum of storytelling — data visualization at different levels and purpose when working with data
>




Two Types of Data Visualization

Exploratory

Understanding data & letting it tell the story
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An Explanatory Data Visualization Guide

Six key lessons for explanatory data visualization...

1.  Understand the context

2. Choose an appropriate visual eI S
display ; stq;ytelling

3.  Eliminate clutter | W'td

4.  Focus audience attention ata

5.  Think like a designer

6. Tellastory 2407 WiLey

We focus on exploratory visualization... rules maybe somewhat
different...



Typically not
part of
analytics
process...

but with Big
Data...maybe

Data

preprocessing
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Value towards business solutions

Spectrum of Data Analytics

Data visualization is a powerful tool at each stage:
Aha! moments and stories to tell...
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Analytical sophistication

>

Spectrum of data analytics: hindsight to insight to foresight

Adapted from Gartner’s Data Analytics Maturity Model
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Preprocessing and Data Validation

Reasonability and quality of data, potential missing values, outliers and more....

Mean of Medical paid PMPM
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Data Exploration & Feature Engineering

Investigating relationships and trends... before diving into modeling...

Categorical versus Categorical: Example of Mosaic Plot Input/Feature

Skills and Self-10 Top Factors

) Categorical Numeric
Data Businessperson Data Creative Data Developer Data Researcher
- - _ Categorical Mosaic plots Box plots

Density plots Scatter

Business

* Relationships between variables

* Relationships between target and predictor
H-ath*DR

Mﬂm_

S . * Data possibly revealing new stories...

* But also story to tell on what happened... to

variables
https://jeremiahstanghini.com/2017/07/30/what-is-data-science/ CI ients an d frl en d sl

* Hypothesis testing

* |dentifying patterns and trends
* Feature generation

*  “Aha” moments...




Trend and Relationship Identification

Histograms and scatter plots.... Tools to trends and relationships

Plot matrix:

* Histograms on diagonal

* Pairwise scatter plots

* Correlations in lower
triangle

Correlation = 0.54

450

2017 log PMPM

2016 log PMPM

Claim costs are lognormally distributed;
prior and current somewhat linearly
correlated

Case study for illustration purposes only




Box Plot to Visualize Distributions

Box plots provide for a good way to visualize and compare distributions

. Log PMPM distributions by age group
Reading Box Plots *  Box plots (aka “box and

| whisker” plots): visualizing
distribution, central value,
variability, and outliers
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Case study for illustration purposes only



Hypothesis Testing: US Mortality Improvement
| Male Gohort Component 19512010 |
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“Taxi Rides and Tips” Story

NYC taxi trip and fare information: original tip
distribution i
Too-good-to-be-true scenario .... Is probably not true...

Overlaid histograms of tip distribution

Feature Importance Graph
by payment type
Score
Feature 1 B Cash = CreditCard
Feature2 I
- I.-_- _ Feature3 G

[ — Feature4 |

Count

Tip Amount FeatureS
Feature6 [N
H . . Feature7 HH
e Detailed NYC taxi trip records Features 1 g
Feature9 |
from every taxi trip in 2013 Feaureto | 3
e Many categorical and numeric
variables a

e Classification Problem: predicting
if there would be a tip...

Tip Amount



Model Evaluation and Validation

Model evaluation is an important part of any modeling project

*  Appropriate and consistent with purpose

*  Visualization used to validate, evaluate, compare,
understand modeling results

— —
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
X4 Xz

*  Examples of statistical criteria/metrics

v Standard statistical measures (R squared, RMSE,

MAE, etc.)
v Predictive Ratios (E/A) on groups of interest (e.g.
R A Diagnostic groups or age groups)

v Tolerance curves
Cautionary tale! v Sensitivity and specificity (confusion matrix)
Famous Anscombe’s quartet: all four datasets have the P
same statistical properties, including R squared=0.67, ROC curves
means and variance of x and y, correlation and linear v Comparison with naive and standard models

regression model: y=3+0.5x

...and many more



Evaluation of Classifier: ROC Curve

Visualizing model performance, selecting threshold and comparing models

Example of insurance application: binary classifier

ROC CURVE
10| o ——PERFECT CLASSIFIER éfff v" Smoker status identification for life
' underwriting triage
0g= :
E *  ROC = Receiver Operator Curve
[+ 4
W 06" v Trade-off determined by “probability
E threshold”
aG. oy=
W V" “Elbow” point but also relative importance by
® type of error
= yp
v Area under curve (AUC) — comparing models
00= e e . .
- ; ; . . ; V" Sensitivity and specificity (confusion matrix)
0.0 0.2 o.u 0.6 o8 1o
FALSE POSITINE RATE v Accuracy of classifier — indifferent to types of
errors



Questions?
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Data engineering, the key to accurate and efficient visualizations

Architecting the Framework



Architecting the Framework

Design Precedes Visualization

e Establishing purpose — descriptive,
diagnostic, predictive, or prescriptive

* |dentifying content and methods needed —
accessible, accurate, timely, focused

e Engineering data — summary to drill

e Knowing the user — depth of knowledge in
content and tool, determines selection




Architecting the Framework

|dentifying the Content — Accessible, Accurate, Timely, Focused

o ADT
e Quality and Practice Patterns
of Providers

e Social Determinants of Health

e Lab Data e
e State Immunization Data * Stage of Chronic Disease
Foundation e Gaps in Care * Safety Data
S e Anticipation of Health Need
* Eligibility e Program Participation
e Medical Claims e Risk Scoring (Diagnoses)

e Pharmacy Claims
* Provider Demographics




Architecting the Framework

Engineering the Data — Definitions

e Detail drill vs efficiency

e Refine definitions according to strategy

7/

e.g. “engagement”, “low acuity”

e Setting targets and using benchmarks
effectively



Architecting the Framework

Engineering the Data — Structure
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Enabling the organization through standardized visualizations

Enabling the Strategy



Enabling the Strategy

Design Precedes Visualization

e Establishing purpose — descriptive,
diagnostic, predictive, or prescriptive

* |dentifying content needed — accessible,
accurate, timely, focused

e Engineering data — summary to drill

e Knowing the user — depth of knowledge in
content and tool, determines selection




Enabling the Strategy

Know the Need, Know the User, Create the Experience




Enabling the Strategy

Know the Need, Know the User, Create the Experience




Enabling the Strategy

Know the Need, Know the User, Create the Experience




Enabling the Strategy

Know the Need, Know the User, Create the Experience

e Consistency in Design — left to right,
filters, conditional highlighting

* Descriptions over Codes — where user
is not tamiliar with codes

e Clarity of Visual Purpose — focused
insights

* Recurrence — tracking mechanisms
and reforecasting, user guides



Questions?
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