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Start with tale where data comes from
We can’t come up with algorithm to  make DP in the interactive way
 assumption of iid is not valid
Public policy cant act on
>>>
Publish data not computations or outputs. 
Then used further





Data Collection Design
• What problem does DP solve at the recruitment stage? 
• How do we deal with error prone survey answers in DP?
• Can we afford our data collection if we design for DP?

Data Analysis
• Can we still work the way we are used to with DP data?
• Do we risk distorting the benchmark?

Research Community and Replication

DP: Differential Privacy
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Much of what I will say is referring to survey data – 
Not going away

Digital trace, but that is only one source
Many will have many




Data Collection I

Recruitment and 
answering sensitive 
questions



data



Coutts & Jann [2011, SMR]
Randomized Response Techniques are problematic because of
- limited trust
- high variance due to false negative tendency (especially for more sensitive questions)

Kirchner [2015]
No improvement of reporting accuracy with RRT compared to direct questioning (using 
administrative data for benchmark validation)

Caution shared by others [e.g. Holbrook and Krosnik 2010; Coutts et al. 2011; Wolter and 
Preisendoerfer 2013; Hoeglinger, Jann, and Diekmann 2014] though not all [e.g. Blair, 
Imai, Zhou 2015]



Reported Sensitivity of Survey Questions by True State and Mode of Data Collection 
[Kreuter, Presser, Tourangeau 2008, POQ]

Survey of UMD alumni n=1.003 randomized to modes



Sexual Assault and Harassment in the U.S. Military V. 2 [Morral, Gore, Schell 2015, RAND]



Reported Believe – Data are Kept Confidential in the Federal Statistical 
System  [Childs, Eggelston, Fobia 2018, BigSurv]

Census data collection via Gallup Tracking Poll

Presenter
Presentation Notes
Admin data use better than asking the neighbors
Commonly held believe data is shared anyway across the agencies

Transparency is important.
 Need for a carefully planned communications
strategy.
 Public wants to know how their info is
protected, and in what circumstances
administrative records would be used.



“The estimates will be the same with or 
without you in the data”.
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Essential research question – how to communicate wit



Examples of open research questions …

• How do we communicate the method?
• How do we establish sufficient trust?

Presenter
Presentation Notes
Whole thing of differential privacy
(1) How do you determine what that is?
Can’t determine the privacy budget absent of measure of utility. Even if nice concept operationally the notion that an agency can determine what that budget mean  --- how do you measure it. What is the unit this is measured in?
(2) Once decided the budget, that limits the bounds of your access – people have given you the access for the public good. Now you are limiting the public good. 
(3) Millions of dollar for a survey. Lots of people to have access to understand the issues. Particularly true with administrative and other data – how to deal with 3k ssn for the same quarter? How do I deal with missing data? Once you reach that you want to build a knowledge infrastructure. LEHD … now you say there is a privacy budget.
(4) What is the effect on data quality. Essentially replace the input data with something else. If it slightly different, no privacy guarantee but you change it too much then it is wrong. It is not clear this is the way to protect things.
(6) Automate the input and output control




Data Collection II

Random Noise and Missing 
Answers
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Construct

Measurement

Response

Measurement

Edited Response

police reported crime

“During the last 6 months, did you call 
the police to report something that 

happened to you that you thought was a 
crime?”
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Construct

Measurement

Response

Measurement

Edited Response

Validity
Extent to which measure reflects 
construct over all possible trials

iµ

iY

iy

ipy

Survey Statisticprwy
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Presentation Notes
defining validity for this simple case of response deviations from the true value. Validity is the correlation of the measurement, Yi, and the true value, µi, measured over all possible trials t and persons
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Construct

Measurement

Response

Measurement

Edited Response

police reported crime

“During the last 6 months, did you call 
the police to report something that 

happened to you that you thought was a 
crime?”

“I called them about my neighbor’s car 
hitting my mailbox.” – Interviewer 

records 1 for “Yes”.

iµ

iY

iy

ipy

Survey Statisticprwy



19

Construct

Measurement

Response

Measurement

Edited Response

Departure of response to a measure from 
true value of measure for a respondent

Measurement 
Error

iµ

iY

iy

ipy

Survey Statisticprwy

Classical error model (Lord & Novick 1969)

yi = Yi + εi , with ε ~ N(0, σ) 

perfect measurement means σ = 0.

[Tourangeau, Rips, Rasinski 2000; Krosnick & Presser 2010; 
Biemer et al. 2013; Vannette & Krosnick 2018]
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Construct

Measurement

Response

Measurement

Edited Response

Departure of data from true value due 
to coding or editing of response

ip iy y−

Processing 
Error

iµ

iY

iy

ipy

Survey Statisticprwy



Examples of open research questions …

• What if data linkage is desired to reduce respondent burden and 
shorten the interview? [Sakshaug, Kreuter 2012, SRM]

• Should error-prone survey answers be considered fixed for the 
purpose of a DP definition? [Oberski 2019]

• Are we taking agency away from respondents 
by creating values for missing data or 
when we “improve” values for misreports?
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What kinds of analyses will become impossible? 
       

 Y = y + e        e ~iid N(0, sigma). ��Let the output of interest be mean(.), cut into bins or whatever for the purposes of DP analysis. ��Suppose�P(mean(y) in bin k | frauke in sample) = 1�P(mean(y) in bin k | frauke not in sample) = 0��So eps = log(1/0) -> infinite��But�P(mean(Y) in bin k | frauke in sample) = 1�P(mean(Y) in bin k | frauke not in sample) = (1/n) (bit of e that is in bin k)



Data Collection III

Design Decisions 
Cost: $$ and time
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Target Population

Sampling Frame
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Difference between covered and 
noncovered population
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Target Population

Sampling Frame

Sample

Representation

Respondents

Adjustments

US HH population, 12 years and over

Persons linked to housing units at 
listed address in sample areas

Multistage area probability sample of 
persons in sample HH
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Target Population

Sampling Frame

Sample

Representation

Respondents

Adjustments

Survey Statisticprwy
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Sampling 
ErrorSampling bias vs. sampling variance



Target population:
Noninstitutionalized 
adults in contiguous U.S.

500 adults at random
every month

How would you do that?
What is the probability?

University of Michigan, University of Michigan: Consumer Sentiment [UMCSENT], retrieved January 29, 2019.



National Crime and Victimization Survey

Many important surveys are not simple random 
samples but have one or more of these characteristics:

- Multistage
- Stratified
- Clustered
- Sampled with unequal probabilities



Valliant, Dever, & Kreuter (2015). PracTools: Tools for Designing and Weighting Survey Samples.
R package version 0.3. http://CRAN.R-project.org/package=PracTools

STRATIFIED SAMPLING CLUSTER SAMPLING

Population

Strata

Sample

Population

Cluster

Sample

Focus on reducing variance Focus on reducing costs

Presenter
Presentation Notes
PracTools command in R: Contains functions for sample size calculation for survey samples using stratified or clustered one- , two-, and three-stage sample designs. Other functions compute variance components for multistage designs and sample sizes in two-phase designs




Effect on Sample Size – Cost (rough estimates)

Mail: $50 per case

Phone: $250 per case

Face-to-face: $1,000 per case

Complex sample design inflates SE 
by a design effect of 1.4

Mail: several weeks

Phone: couple of months

Face-to-face: several months

Kreuter, Valliant (2007), PISA Test scores means and confidence intervals with and 
without complex sample design

Presenter
Presentation Notes
The Census Bureau generally employs between 1,000 and 1,500 NCVS interviewers, or field representatives (FRs), across the United States. Training for NCVS interviewers consists of classroom and on-the-job training. Initial training for interviewers consists of a full day pre-classroom selfstudy, 4-day classroom training, post-classroom self-study, and on-the-job observation and training. 

The expected interview time is approximately 25 minutes. Interview times for respondents with no victimization incidents to report can be expected to be shorter than this. In addition, the actual time required to interview all eligible members of a sample household varies, depending on the household’s composition, and crime experiences during the reference period
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Target Population

Sampling Frame

Sample

Representation

Respondents

Adjustments

US HH population, 12 years and over

Persons linked to housing units at 
listed address in sample areas

Multistage area probability sample of 
persons in sample HH

Persons providing answers to 
interviewer-administered questionnaire
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Target Population

Sampling Frame

Sample

Representation

Respondents

Adjustments

Survey Statisticprwy
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Nonresponse 
Error

Values of statistic computed based 
only on respondent data differ from 

those based on entire sample

𝐵𝐵( ̄𝑦𝑦𝑅𝑅) ≈
σ𝑦𝑦ρ
ρ̄ Adjustment 

Error

Presenter
Presentation Notes
where R y is the unadjusted estimate of a mean from the responding units, y ρσ
 is the correlation between the response propensities and the survey variable, and 
ρ is the average response propensity. It should be clear from this formulation that a higher 
response rate does not imply a reduction in bias as the correlation term, y ρσ
, can change in a nonlinear fashion as response rates change. If, for example, a higher response rate 



Examples of open research questions …

• Can we still get design-unbiased estimates with DP?
• What sample size do we need to maintain desired precision with 

DP? Can we afford that?
• What do 

interviewers
longitudinal data
households do to the DP analysis?

• Can we justify the costs if we limit access via privacy budget? 



Data Analyis I

Research Questions, 
Workflow, 
Informative outliers



Typical Research Questions
“What is the relation between experiences of discrimination and the 
risk of PTSD among African American adults?” 
Sibrava et al. 2019, American Psychologist

“How does being integrated with poor students affect the social 
behaviors and academic outcomes of rich students?”

Rao, 2019, American Economic Review

“Does high immigration increase inter-ethnic tension?”

Weber, 2018, European Sociological Review

Presenter
Presentation Notes
Description, Causation, Prediction



• Psychology
• A/B experiments
• ANOVA

• Economics
• Linear regression 
• Time series analysis

• Sociology
• Multilevel (random effects) 

linear regression models
• Demography

• Time to event (survival) models

….

Often data collected for other 
purposes (research or gov. statistics)

- ICPSR data archive in the U.S.
- Essex - UK data archive
- GESIS – data archive, Germany

Typical methods

Presenter
Presentation Notes
social psychology consists 
A/B type experiments -- ANOVA;  samples size is small say 50 in each cell outside of tech

macroeconomics typically applies 
linear regression to country-level economic �time series from official records; 

comparative sociology often estimates multilevel (“random effects” or “hierarchical”) linear regression models on international comparative surveys; 

demography typically follows a group of people over time to see how long it is before they take “demographic decisions” with event history (“survival”) models. 

study broad average differences between large groups, �while others focus on very small groups or even individuals. �




1. Focus on 
coefficients 
(parameters) and 
standard errors 
(statistical sampling 
variation)

2. Model 
exploration is part 
of the analysis

3. Mix of 
categorical and 
continuous 
variables

4. Complex data 
structures
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Presentation Notes
Second, with the possible exception of the A/B type experiments common to social psychology and experimental economics, the analyses needed in the vast majority of studies would be difficult to pin down in advance. For example, even though standard classical models of the macro-economy or “fertility behavior” exist that would dictate which variables should be predictive of which others, there are often a host of other choices, including control variables, form of the model, and so forth, that may all be equally reasonable a priori given the research question. To illustrate this point, a recent study asked 61 data analysts to investigate whether dark-skinned players get more red cards in soccer, who reported odds ratios between 0.9 (10% lower odds) and 2.9 (290% higher odds)

First, after a model is fit to the data, interest usually focuses on values of the parameters of this model and their statistical (sampling) variation. Examples include the size of the effect of austerity measures on GDP, or the use of p-values in a social psychology experiment to see whether people are more creative after they literally step out of a cardboard box. 




Examples of open research questions …

• Can microdata be used for iterative analysis processes?
• Can <INSERT FAVORITE METHOD> be used?
• Can we learn enough about coefficients?
• Can outliers still lead to insights?
• What about responsive design /

predictive (policy) intervention applications?



Data Analysis II

Variance Estimates, 
Weights and Benchmarks



Variance Estimation

In practice often ignored! [West, Sakshaug, Aurelien 2016, PlusOne]

Exact formulas

- Only possible for ‘linear’ estimators

Linearization (Taylor series)
- Used for ‘nonlinear’ estimators

Replication
- Applies to linear and nonlinear estimators

Presenter
Presentation Notes
write linear approximation to nonlinear estimator
and compute its theoretical variance. Estimate theoretical
variance from sample.

divide sample into subsamples, compute estimate in
each; compute variance among the replicate estimates
Types: Jackknife, Balanced repeated replication (BRR), Bootstrap
Bootstrap is most versatile



Replicate Weights 
General procedure

1. Dived full sample into subsamples (replicates)

2. Repeat weight computation for each subsample
- base weight
- adjustment for subsampling
- nonresponse adjustment
- calibration

3. Each sample element has a full sample weight and a series of replicate weights
4. Uses receive (large) file with data and all weights



GREG – Nonresponse Adjustment



Examples of open research questions …

• What about replicate weights in DP?
• What if population benchmarks for nonresponse adjustments 

are DP? [Dever & Valliant 2016, JSSM; Lee & Valliant 2015, JOS; Liao & Valliant 2012]

• How do get fixed privacy guarantee with need for valid 
variance estimation (multiple synthetic data sets)





Example: IAB – SMART [Kreuter et al. 2019]



Julia Lane @BigSurv18  Coleridgeinitiative.org
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Whole thing of differential privacy
(1) How do you determine what that is?
Can’t determine the privacy budget absent of measure of utility. Even if nice concept operationally the notion that an agency can determine what that budget mean  --- how do you measure it. What is the unit this is measured in?
(3) Millions of dollar for a survey. Lots of people to have access to understand the issues. Particularly true with administrative and other data – how to deal with 3k ssn for the same quarter? How do I deal with missing data? Once you reach that you want to build a knowledge infrastructure. LEHD … now you say there is a privacy budget.
(4) What is the effect on data quality. Essentially replace the input data with something else. If it slightly different, no privacy guarantee but you change it too much then it is wrong. It is not clear this is the way to protect things.
(6) Automate the input and output control




Examples of open research questions …

• Focus on input or output control?
• How to automate either or both?
• How to automate the rich context documentation?
• How to scale the use?
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