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Missing data patterns

Univariate Monotone File matching General
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Problems in multivariate imputation

Predictors themselves can be incomplete

Mixed measurement levels

Order of imputation can be meaningful

Too many predictor variables

Relations could be nonlinear

Higher order interactions

Impossible combinations
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Three general strategies

Monotone data imputation

Joint modeling

Fully conditional specification (FCS)
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Joint Modeling (JM)

1 Specify joint model P(Y ,X ,R)

2 Derive P(Ymis|Yobs,X ,R)

3 Use MCMC techniques to draw imputations Ẏmis
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Fully Conditional Specification (FCS)

1 Specify P(Ymis|Yobs,X ,R)

2 Use MCMC techniques to draw imputations Ẏmis
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Past: the legacy
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Rubin 1987
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Rubin 1977 (published 2004, The American Statistician)
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Rubin 1977 (published 2004, The American Statistician)

The masterplan
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Rubin 1977 (published 2004, The American Statistician)

Invents multiple imputation
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Rubin 1977 (published 2004, The American Statistician)

Invents monotone data imputation
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Rubin 1977 (published 2004, The American Statistician)

Claim: Monotonicity is not essential
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Rubin 1987
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One of the great academic growth industries
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Schafer 1997
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Joint Modeling (JM)

1 Specify joint model P(Y ,X ,R)

2 Derive P(Ymis|Yobs,X ,R)

3 Use MCMC techniques to draw imputations Ẏmis
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Joint modeling: Software

R/S Plus norm, cat, mix, pan, Amelia
SAS proc MI, proc MIANALYZE

STATA MI command
Stand-alone Amelia, solas, norm, pan
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Joint Modeling: Pro’s

Yield correct statistical inference under the assumed JM

Efficient parametrization (if the model fits)

Known theoretical properties

Works very well for parameters close to the center

Many applications
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Joint Modeling: Con’s

Lack of flexibility

May lead to large models

Can assume more than the complete data problem

Can impute impossible data

SvB



Fully Conditional Specification: Past, present and beyond > Past > Joint Modeling

Rubin & Schafer 1990, ASA
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Rubin & Schafer 1990, ASA
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Fully conditional specification
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Names for the idea

stochastic relaxation (Kennickell 1991)

variable-by-variable imputation (Brand 1999)

regression switching (van Buuren et al. 1999)

chained equations (MICE) (van Buuren and Oudshoorn 2000)

sequential regressions (Raghunathan et al. 2001)

ordered pseudo-Gibbs sampler (Heckerman et al. 2001)

partially incompatible MCMC (Rubin 2003)

iterated univariate imputation (Gelman 2004)

fully conditional specification (FCS) (van Buuren 2006)

partially incompatible Gibbs Sampler (PIGS) (Rubin 2014)
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Fully Conditional Specification (FCS)

1 Specify P(Ymis|Yobs,X ,R)

2 Use MCMC techniques to draw imputations Ẏmis
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Multivariate Imputation by Chained Equations (MICE)

MICE algorithm

Specify imputation model for each incomplete column

Fill in starting imputations

And iterate

Model: Fully Conditional Specification (FCS)

SvB



Fully Conditional Specification: Past, present and beyond > Past > Fully Conditional Specification

Fully Conditional Specification: Con’s

Theoretical properties only known in special cases

Cannot use computational shortcuts, like sweep-operator

Joint distribution may not exist (incompatibility)
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Fully Conditional Specification: Pro’s

Easy and flexible

Imputes close to the data, prevents impossible data

Subset selection of predictors

Modular, can preserve valuable work

Works well, both in simulations and practice
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Fully Conditional Specification (FCS): Software

R mice, transcan, mi, VIM, baboon
SPSS V17 procedure multiple imputation

SAS IVEware, SAS 9.3

STATA ice command, multiple imputation command
Stand-alone Solas, Mplus
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Flexible Imputation of Missing Data (FIMD)
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Joint model vs Fully conditional specification

Fourth Dutch Growth Study 1997

22000 children between ages 0 and 21

Tanner maturation stages

Boys 8–21 years

Genital development (5 stages)

42% missing data

How does the probability per stage change with age?
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Imputation methods

JM: multivariate normal

JM: rounded

FCS: predictive mean matching

FCS: proportional odds model
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JM: Multivariate normal model
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FCS: Proportional Odds model
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JM vs FCS
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Masterplan step 3

Now: between-variation is driven by predictive uncertainty of only
one model

Masterplan 3: Multiple models, each reflection a potentially
different cause for the missing data

MNAR: Make perturbations on the model to reflect missing data
cause

Examples

δ-adjustment in Van Buuren et al (1999)
Ofer Harel (2009) Methods for two types of missing data
Shahab Jolani (2012): Random indicator method for MNAR
modelling
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Which predictors?

1 Include all variables that appear in the complete-data model

2 In addition, include the variables that are related to the
nonresponse

3 In addition, include variables that explain a considerable amount
of variance

4 Remove from the variables selected in steps 2 and 3 those
variables that have too many missing values within the subgroup
of incomplete cases.

Function quickpred() and flux()
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Model specification

Now: Congeniality/compatibility is assumed rather than diagnosed

Future: Ways to diagnose uncongeniality and incompatibility in
practice

Future: Ways to attack these problems

Liu, Gelman et al. 2011: Propose conditions D1-D5 under which
an FCS model will approximate a joint model

Bartlett, Seaman et al. 2014: Write substantive model and
imputation model as a joint model (SMC-FCS)

Vink, Van Buuren 2013: Adapt the imputation method, e.g. for
quadratic relations

Xie, Meng 2015: Inference is valid when the imputer’s model is
more saturated (richer) than the substantive model
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Comparability of simulation research

About 10-20 papers per year about new imputation methods

Validated in ways that makes it difficult to compare

Complete-data models differ
Missing data mechanisms differ
Proportions missing data differ
Evaluation criteria differ
Ratio sampling uncertainty / missing data uncertainty differ

How to compare these new methods to existing?

Solution: Benchmark platform
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Individual causal effects
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Individual causal effects

Unit-level causal effect: Yi (1)− Yi (0)

We can observe either Yi (1) or Yi (0), but never both

Multiply-impute unobserved outcome

We need assumptions about r(Y (1),Y (0))
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Individual causal effects - curve matching
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Individual causal effects - curve matching
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Individual causal effects - curve matching
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Individual causal effects - curve matching
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Individual causal effects - curve matching
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Individual causal effects - curve matching
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Individual causal effects - curve matching
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Conclusion

Multiple imputation is now extremely successful

Both JM and FCS are powerful methodologies to impute
multivariate data

It is an open methodology, many ideas remain to be explored
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