2.5 Judith Lessler: Leveraging Existing Data

Can the cost of surveys be reduced by making better use
existing administrative and survey data?

Can we create an integrated methodology for use of
primary and secondary data?
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© Numerous surveys are conducted; many public
use files available

© Administrative and geographic data are
available

® Improved tools exist for using secondary data;
data mining, metadata, data warehouses

@ Ontologies and metadata standards

)
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® Data archives:
ICPSR: Interuniversity Consortium for Political and
Social Research
SAMDA: Substance Abuse and Mental Health Data
Archive
StatLib: JASA data archive
FedStats: Links to multiple statistical agency
resources
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© Administrative/Geographic Data
Census data

Data from government programs: Medicare, SSA,
Food Stamps, WIC, National Spatial Data
Infrastructure

Administrative/survey data: IPEDS-Integrated
Postsecondary Education Data System
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@ New surveys conducted without sufficient
consideration of what is known

@ Lack of micro-data and metadata from
published studies/surveys

@ Tendency to investigate many research
questions [high burden]
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© Integrated methodology for primary and
secondary data [IMPSD]
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@ Clearer specification of the research questions—
needed precision and definition of parameters

® Policy decisions that need to be made with
specification of what differences would yield
different decisions

@ Needs of stakeholders: businesses, state and
local agencies, educators, public /
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© Analysis of secondary data:
Meta-analysis of the micro-data from public use files
Small-area (small domain) estimation using universe
data from administrative or census records

© Specification of remaining questions

® Design of primary data collection to “fill in the
blanks”

© Design of administrative system for data
aggregation and integration

J
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® Set of common variables—basic demographics

@ Creation of analysis variables that create more
overlap—categorical variables for quantitative
data

® Modeling (imputation) for blocks of missing
data

J
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Survey |Set A Set B Set C Set D SetE
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Survey |SetA
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©® More precision needed for some sets of variables

deled relationshins hetv

@ Confirm sets of

variables

© Increase representation of subgroups
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© What is most cost-effective design for obtaining
additional information

data

using follow-up
surveys

New survey of selected subgroups

Analysis of existing administrative data
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e Alignment of operational definitions of some
basic variables across surveys

® Universal adoption of NIH data sharing policy
for all government sponsored surveys

® Software that facilitates data integration
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@ Publishing

® Distribution of data by researcher
® Data enclave [secure environment]
© Data archive

® Mixed mode
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@ Schedule for data sharing
e Format of final data set

© Documentation to be provided

© Provision of analytic tools, if any
® Need for sharing agreement

© Mode of data sharing
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@ Specification of questions and quality
parameters

@ Meta-analysis of existing survey and
administrative data

@ Design of primary data collection to supplement
or confirm conclusions from secondary data
analysis

® Required provision of survey results to other
researchers

® Data integration software

Chatham Research Counsuliancy, LLC 7

© Advantages of such an approach

© Disadvantages

© Barriers

© Facilitators
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2.6 Alan Karr: Principled Cost-Quality Tradeoffs

N I S S Outline: Simple to Not-So-Simple

Analytical approaches
— Deterministic case
« Discrete case

Principled Cost-Quality Tradeoffs * Parameic case

— Stochastic case

* Modeling approaches: a sketch
AlanF. Karr « Some ugly questions
National Institute of Statistical Sciences « DISCUSSION

karr@niss.org
April 19, 2006

Big Questions FARS-A 1999 Excerpt

* What is cost? e R ==
~ Out-of-pocket e
- Opportunity e E
~ Time (7) e
~ To whom? s

* What is quality? e e
~ Accuracy e e e e
~ Timeliness e e s
~ Response rate W e
- ibility, relevance, col interpretability, ... e e e e e
— Reference: A. F. Karr, D. L. Banks, A. P. Sanil (2006) 1~ R S ——"

Data quality: A statistical perspective. Staristical | e e
Meshodoleey 3GY137-173. R e e

e FARS-D Driver Height/Weight

TRI Excerpt

TRIFD Air Swfi20  Land  OnSite| OfSite  Tofal  Year
[38109RFNDM25TWE. 15300 0 0 1530 22163 237463 1988
38109RFNDM25TWE. 15300 0 0 1530 148151 163451 1989
38109RFNDM25TWE. 10200 0 440000 450200 19444 469644 1990
138109RFNDM25TWE. 3800 0 0 0 76350 30650 1991
38109RFNDM25TWE. 1900 0 0 190 3TN0 %60 1992
(44706 THTMKAS11F 1200 2 0 1221 240090 241311 1988
44706 THTMKAS11F 1300 19 0 1319 26510 266419 1989
4ATOSTHTMKASLIF 1200 13 0 1413 280026 214 1990
4706 THTMKAS11F 1500 1 0 1501 290030 1531 1991
| 4ATOSTHTMKAS1F 1300 0 0 180 51025 s5m25 1992
44706 THTMKAS11F 1300 2 0 1m » s 199
44706 THTMKAS11F 540 2 0 5@ 2 54 199
| 4ATOSTHTMEKASIIF 604 1 0 605 sm0 6085 1995
(44706 THTMKAS11F 550 2 0 55 10630 106932 1996
- - | 4ATOSTHTMEKASIIF 40 1 0 54 350380 350921 1997
| 4TS THTMKAS11F 0 1 0 o0 ;0 201 1998
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Deterministic Case

« Formulation
— Actions a
+ Actions may have very complex structure
* May be many actions

« Discrete case: finite, not necessarily structured set of
actions

+ Parametric case: actions qualitatively identical, but
depend on some parameter, such as sample size

— Known costs C(a)
« Initially, one-dimensional
Known resulting data qualities Q(a)
« Initially, one dimensional

Discrete Case

Quality

Cost

Optimization Approaches

* Maximize quality subject to upper bound on
cost
a* = argmaxQ(a)
a
s.t.C(a) < Cpound

* Minimize cost subject to lower bound on
quality

a* = argminC(a)
a

s.t. Q(a) 2 Qpound

Optimization Approaches—2

» Maximize utility: given utility function Ufc,q),

a* = arg max, U(C(a), Q(a))

Maximizing Quality s.t. Cost Bound

Quality Chound

Cost

Minimizing Cost s.t. Quality Bound

Quaiity

Qbound

L Cost

Maximizing Utility

Quality Contour of constant utility

Cost

The Cost-Quality Frontier

Quality

Cost

Computational Considerations

« Can “always” restrict to frontier: actions a for which

there is no @’ such that C'(a’) < C(a) and

Q(a’) > Q(a)

— This may help a lot

— There are efficient algorithms for calculating the frontier
* Maximizing quality subject to cost bound and
minimizing cost subject to quality bound may be
solvable only by enumeration
Utility maximization solvable by bisection search, but
this is still effectively enumeration
Size of problem = size of frontier

Other Computational Technologies

¢ Simulated anncaling
— Requires some concept of “neighboring” actions
* Genetic algorithms

— Requires that actions have “separable” components




“Parametric” Case

Actions are parametrized by a (numerical)
parameter p
— Example: parameter = sample size
Then
—a=a(p)
- C(p) = Cla(p)
Q(p) = Q(ap)

Everything else is more or less the same

Pictorial View

Quality
(Cp).Q(P))

Cost

Multi-dimensional Cost and Quality

Frontier carries over: set of actions is partially
ordered by
a1 < ay if and only if

e Cj(az) < Cj(ay) for all cost measures Cj
e Qplaz) > Qr(a1) for all quality measures
Qp
Problem: with lots of dimensions, the frontier

is not necessarily “small”
Utility functions not clear

Stochastic Costs and Quality

« Formulation
— Given a, C(a) and Qfa) are (dependent!) random
variables with distribution F,(x.,y)
« Issues
— How much of the deterministic framework carries
over?
— From data are the F, estimated? Or are they based
on expert opinion? Or some combination?
— How are uncertainties in the estimated F,, to be
incorporated in the framework?

“Elementary” Approaches

Use only means

- C(a) =E[C(@)]

- Q@) =E[Q(a)]

Combine means and standard deviations.
Example:
C'(a) =
Q'(a)

E[C(a)] + AStdDev(C(a))
E[Q(a)] — pStdDev(Q(a))

Not Quite So Elementary Approaches

+ Use means and standard deviations to define the
partial order
ay = ap if and only if

E[C(az)] < E[C(a1)]
StdDev(C(ap)) < StdDev(C(a1))
E[Q(a2)] > E[Q(a)]
StdDev(Q(az)) < StdDev(Q(a1))

+ Related approaches in the portfolio analysis literature

More Complicated Approaches
Use stochastic ordering to define the partial
order. For example,
a1 < ap if and only if

P{C(ap) <z} > P{C(ay) <z} forallz
P{Q(a1) <y} < P{Q(az) <y} forally

Lots of applications in the literature
— Example: Reliability

Pictorial View of Stochastic Ordering

P{C(a2)<=x}
1 P(Clat)<=x}

What About Optimization?
Constraints: replace by probabilistic versions:

P{C(a) < Cbound} > pC
P{Q(a) > Qbound} > rQ

— One approach: derive from loss functions using
concepts from statistical decision theory

Back to the Really Hard Questions

+ From data are the F, estimated? Or are they
based on expert opinion? Or a combination?

* How are uncertainties in the estimated F, to be
incorporated in the framework?
— Bayesian methods can account for this

* Are there other implications?
— Example: confidentiality

* Temporal evolution of surveys
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Dynamics

¢ Formulation is inherently stochastic:

— Attime ¢, given a, Cy(a) and Q/(a) are
(dependent!) random variables with distribution
F,(tx,y) that reflects all information available at ¢

* Issues
Ongoing incorporation of information: Bayesian
techniques can do this, but need a model for that
information

— Interventions seem very problematic to model
analytically

Problems with the
Analytical Approach
Getting hopelessly complicated, especially once
dynamics are present
Sensitivity analyses hard
Disconnected from the science, therefore limited
insight
Example: if @ involves adaptive increase in sampling or
follow-up, a la Groves, how does this get represented in
F?
— Example: not clear how to differentiate different kinds of

surveys (e.g., drug use vs. educational experience) or
populations

What About a Modeling Approach?

+ Technological basis: agent-based simulation:
— Represent agents (e.g., interviewers and respondents)
explicitly
— Specify agent-level behavior and interactions
— Specify “context” and “interventions”
* Key {point/hope/blind faith}s
— Context and interventions are fairly literal
— Sensible models of agent produce “correct” emergent,
macroscopic behavior
* Variability characterized via replication of
simulations

Example: TRANSIMS (LANL)

Metro-area simulator of traffic
— Context:
+ Population (synthesized from Census PUMS)
+ Activities (synthesized from survey)
+ Geography: Locations of houses, businesses, ..., road network
— Interventions
* Signal seftings, ...
TRANSIMS models traffic “realistically” based on
simple car-following rules
— Example: speed up if there is enough space between you
and the car in front of you

What Would It Mean for Surveys?

* Set of abstractions

— Agents
* Respondents
« Interviewers

— Responses
« Cost
* Quality

Interventions

« Increase incentives
« Increase intensity of non-respondent follow-up

More Implications

“Simple” models that relate agent behavior to
interventions
Example: P{response} = flagent characteristics,
item, intervention)
Some intra-agent interactions may be
ignorable, especially to start

And More ...

* How to validate agent-based models?

— Does bias matter if interventions are only being
compared?

« Can models be simple enough that replication
is possible?
« Is every survey a special case?

— There is sobering evidence that there is not a
science of data quality.

Some Ugly Questions

Is one person’s cost another’s quality?

Shouldn’t quality be measured by inferential
uses of the data?

The End

¢ Thank you

e[ et’s discuss!
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