Explanatory vs. Predictive
Statistical Modeling
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What is R??

KEGEESSION COEFFICIEHTS

In—stdized otdized
Independent Cosfficient Coetficient Significance

Intercept 0.19313¢ O.00000m0
Group 1 —0 . 050325 -0 . 036319
Lroup £ —0. 014610 —0. 010544
Lroup 3 0.80681%8 0.512045
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Goal: Explain

theory

causality

retrospective

Goal: Predict

utility
relevance
new theory

association

prospective




Philosophy of Science

“Explanation and prediction
have the same logical structure”
Hempel & Oppenheim, 1948

“It becomes pertinent to investigate the
possibilities of predictive procedures

autonomous of those used for explanation”
Helmer & Rescher, 1959

“Theories of social and human behavior
address themselves to two distinct goals of

science: (1) prediction and (2) understanding”
Dubin, Theory Building, 1969




Best explanatory model
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Best predictive model
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7 Statistics = Explain
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Data Mining = Predict




redict # Explain
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Predict # Explain

The FDA considers two products
bioequivalent if the 90% CI of
the relative mean of the generic
to brand formulation is within
80%-125%

“We are planning to... develop predictive models
for bioavailability and bioequivalence”
Lester M. Crawford, 2005
Acting Commissioner of Food & Drugs




Controversy
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Two statistical
modeling paths




Find the Differences

Goal
Definition

Study
Design

& Data
Collection

DEE]
Preprocessing

Choice of
variables
and form

Choice of
method(s)

Performance

evaluation

Model
Selection

Model
Deployment
& Reporting
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Model Deployment & Reporting

explain phenomena
predict new data

support / refute theory

reality check

evaluate predictability

lead to new theory




interpretation out-of-sample

prediction
accuracy

p-values

Performance

R2 :
Metrics Ccosts

goodness-of-fit run time

type LIl errors over-fitting




What is
Optimized?

Bias or Prediction MSE

MSE =E(Y —Y|z)? = E(Y — f*(z))*
= E(Y — f(z) + f(z) — )+ ff(z) — f*(x))°
— B(Y — f(2)* + (f*(2) — f(2))* + E(f*(z) — f*(x))?

Y

Var(Y)= bias? = model estimation
uncontrollable misspecification (sampling variance)




Shrinkage
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Which Variables?

'“"‘a
L Ran

i | -,
theory assocliations ex-post
availability




trends outliers




Data Preprocessing

Buwild miodel{s) Training

|

Evaluate maodel{s) Validation

|

data

data

Fesvaluaie modsl(s)

{opticnal)

reduced- |
feature
models

Predicticlassify
using final modal
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IDENTITY partitioning

Yes, it could happen to you.




Study Design
& Data Collection

How much?

accuracy power cost

Fixed vs. random effects




Three Current Problems

Predictive role underappreciated

Distinction blurred

Inappropriate modeling

“While the value of scientific prediction... is beyond
question... the inexact sciences [do not] have...the
use of predictive expertise well in hand.”

Helmer & Rescher, 1959
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“Examples of [predictive] theory in IS do not come readily

to hand, suggesting that they are not common”
Gregor, MISQ 2006

Predictive claims
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Predictive claims
& modeling

1990 1992 1994 1996 1998 2000 2002 2004 2006

Year

Sound predictive modeling is rare
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Modeling 101:

What do we teach?
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Bottom Line:
Acknowledge!

Philosophy:

Statistical
Modeling

distinction blurred

l

incorrect modeling

Prppmr‘pec

variables
and form

performance

~=odel

1 selection




