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Background (Motivation)

@ Designing an experiment or a study
@ Restrictions on sample size (due to cost, time, etc)

@ How do we design an efficient experiment with valid estimate of the
parameter?
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Efficient Design

o Efficient experimental designs for GLMs depend on the unknown
coefficients.

@ Sequential design: next design point chosen based on current data.
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What is Efficient?

@ Optimality criterion: D-optimal

@ D-optimality criterion: maximize the determinant of the information
matrix 1(3;d)
B3 = parameters in the model; d = design

@ Bayesian D-optimality criterion (Chaloner and Larntz, 1989):

o(d) = / log(1(8; d))d(B) (1)

where 7(3) = prior distribution on 3.
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Previous Works

@ Chaudhuri and Mykland (1993): Sequential designs in GLMs could
lead to fully efficient designs and asymptotically efficient MLEs

@ Dixon and Mood (1948); Haines, Perevozskaya, and Rosenberger
(2003); Ivanova and Wang (2004); Biedermann, Dette, and Zhu
(2006); Karvanen, Vartiainen, Timofeev, and Pekola (2007):
Sequential designs for binary data, focused on single-factor
experiments.
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Limitations of Previous Works

@ Performance in small samples unknown
@ Quite a few initial observations are required for MLE to exist

@ MLE might be biased in small samples, resulting in inefficient choice
of experimental sites
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Overview of Proposed Method: Algorithm

@ Define augmentation horizon
@ Generate an m-point augmentation to the current design

@ Select an augmentation site(s) from the points found in the previous
step, or their median.
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Overview of Proposed Method: Approximate Design
Criteria
@ Discretized posterior

n

d) = ruog(1(B,; d)) (2)
u=1

where r, = L(8,)/ > 01 L(B.)

@ A faster approximation

¢2(d) = log(1(5; d)) (3)
where 3 = B,y such that >-%_; r,) > 0.5 and 30 r,) > 0.5.
@ Another approximation for determlnlng augmentatlon horlzon
¢3(d) = (1/p)¢p2(d) — log(n) (4)
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Overview of Proposed Method: Augmentation Horizon

@ Proposed to avoid problems, such as singular information matrix

@ It is the number of observations (m) needed for highly efficient
D-optimal design at prior median

@ Determined at the start of the experiment
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Overview of Proposed Method: Augmentation Horizon

@ Find locally D-optimal designs at prior median for n = p, ..., P

o Define the efficiency of d, = exp[p3(dn) — ¢3(d*)]
where dx is the design among dp, ..., dp that maximizes ¢3(d)

@ Augmentation horizon m is the smallest value of n for which the
efficiency is at least 99%
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Next Steps

@ Detailed study on the augmentation horizon
@ Simulations on performance with small samples

@ Comparison with existing methods
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