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Conjoint Analysis

Conjoint Design

AMCE: test multiple causal hypotheses simultaneously
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Classic Conjoint Results

Hainmueller et. al. (2014), p.21
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Multiple Hypothesis Testing
Test one hypothesis, α ≡ P(Reject null | Null is true) = 0.05
Test ten hypotheses simultaneously with α = 0.05

FWER ≡P(At least one null is rejected | All nulls are true)

=1− (1− α)10 ≈ .4
Family-Wise Error Rate as the Number of Tests Increases
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Number of Hypotheses in Conjoint Analysis: 41
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Quantifying the Problem by Simulations

If AMCE is zero, in how many samples do you get false findings?
Two scenarios for 41 attribute levels:

1 No individual effect
2 Nonzero individual effect, but zero average effect

Number of samples for each number of false findings:
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Correction Methods Overview

Objective: contain false positive conclusions
Trade-off: risk false negative conclusions

Correction methods
Control family-wise error rate (FWER)

Bonferroni Correction
Control false discovery rate (FDR)

Benjamini-Hochberg Procedure
Control false discovery rate (FDR) & Reduce RMSE

Adaptive Shrinkage

Proposal:

Bonf. ASh BH

Confirmatory Exploratory
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Bonferroni Correction

Controls FWER to α

Procedure: set α∗ = α
# of tests for each test

Strength: easy to construct confidence intervals

Shortcomings:
high risk of false negative conclusions
ambiguous definition of “total number of tests”
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Benjamini-Hochberg Procedure

Controls FDR:

E
[

# of false discoveries
# of total discoveries

]
≤ α

Solution:
1 Rank p-values from smallest to largest
2 Reject the null up to the largest p-value such that

p ≤ rank of p
# of tests

α

Strength: less susceptive to false negative conclusion

Shortcomings:
sensitive to pre-specified FDR
no uncertainty measures
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Adaptive Shrinkage

Regularizes β by placing a spike-and-slab prior

p(β|β̂, σ̂) ∝ p(β̂|β, σ̂)︸ ︷︷ ︸
Likelihood

p(β|σ̂)︸ ︷︷ ︸
Prior

Prior for β

−0.4 −0.2 0 0.2 0.4

Procedure: empirical Bayes post-estimation procedure
Strength:

transparent, flexible, credible interval
more precise point estimates
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Simulations

Design matrix identical to Hainmueller et. al. (2014)

Avoiding false positives: zero AMCE
1 No individual effect
2 Nonzero individual effect, but zero average effect

Avoiding both false positives and false negatives: nonzero AMCE
1 Only gender has effect (appendix)
2 All levels of gender, education, English have effects
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Zero AMCE
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Nonzero AMCE

Correct number of positives: 10
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Reanalysis

Immigrants preferred by the U.S. public (Hainmueller et al. 2014)
Focus on Country of Origin and Profession
To show:

1 How corrected results differ
2 ASh attains the middle

Trading partners preferred in Vietnam (Spiker et al. 2016)
Focus on Military Ally and Environmental Standards
To show:

1 Bonf. and ASh recovers the null correctly
2 BH does not correct at all with few number of discoveries
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Country of Origin
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Profession
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Selecting Trading Partners in Vietnam

Change in Pr(Country preferred as partner)
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Concluding Remarks

Conjoint analysis inherently needs multiple hypothesis testing
No correction ; danger of false findings
Correction methods

Bonferroni Correction (Most conservative)
Benjamini-Hochberg Procedure (Least conservative)
Adaptive shrinkage (middle-ground)

Bonf. ASh BH

Confirmatory Exploratory

Do correction, or you will get at least one false result
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Appendix

ASh Model
Model: β = (β1, ..., βJ); est. β̂, std.err σ̂

p(β|β̂, σ̂) ∝ p(β̂|β, σ̂)︸ ︷︷ ︸
Likelihood

p(β|σ̂)︸ ︷︷ ︸
Prior

β1, ..., βJ
iid∼ g

where

g(·;π) = π0δ0(·) +
K∑

k=1

πkN (·;0, δ2
k ),

K∑
k=0

πk = 1 and πk ≥ 0

Emprical Bayes estimates:

π̂ = argmax
π

J∏
j=1

K∑
k=0

πkN (β̂j ;0, δ2
k + ŝ2

j )
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Appendix

Simulation Result: Only One Nonzero AMCE

εi
iid∼ N (0,0.012)
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Appendix

Simulation Result: Only One Nonzero AMCE

εi
iid∼ N (0,0.12)
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Appendix

Simulation Result: Nonzero AMCE in Each Attribute

Figure: The true AMCE for each attribute has one significant levels I.
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Appendix

Simulation Result: Nonzero AMCE in Each Attribute

Figure: The true AMCE for each attribute has one significant levels II. The standard deviation for
the reference category of Job Experience is four times larger.
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Appendix

Simulation Result: ASh RMSE

RMSE Difference: No corr. − ASh corr.
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