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Motivation

=  Quickly produced commercial panel-based web surveys have been developed to
complement the ability of the federal statistical system to provide health information
about the U.S. population.

= Despite their great potential, statistical inferences based on these web surveys might be
subject to potential bias compared with traditional, high-quality household surveys.

= To mitigate these biases, units from the web survey are usually calibrated to external
controls by reweighting samples, often using a benchmark survey of high quality.

= We propose to use an adaptation of the R-indicator, originally suggested as a measure of
qguantifying “representativeness” of survey response, to assess and improve the quality of
calibration weighting. This metric can be effectively used to identify possible calibration
variables and compare alternative weighting strategies.



Introduction: “Representativeness” using a metric R-indicator
by SCB, 2009

Use a definition proposed from Schouten, Cobben and Bethlehem (Survey
Methodology 2009), i.e., SCB’s response vs. non-response context, indicators
for the representativeness of survey response are defined as

Definition of “Representativeness” of response:
For a population: X = covariate with H categories h=1to H

P, = P(unitu is aresponse |u € h)

“representativeness” for class covariates requires p,=p, =...= py

In words: Nonresponse mechanism is Missing Completely At Random with
respect to X.



“Representativeness” cont.
A metric defining constancy of response propensities in the population:
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the R-indicator is R(p.)=1-2 /SZ(Px) and 0<R(p,)<1

- “Not representative” as R(p,) approaches O
- “Representative” as R(p,)approaches 1

This generic population metric can be adapted to sampling situations.



Introduction: Adapt SCB response/non-response “representative” metrics
to Web Panel surveys / Benchmark survey “representative” metrics

We have two independent designs, Benchmark and Web over the population.

Usually, the Benchmark design (National Health Interview Survey, or NHIS) is a well-established
population survey considered to be of high quality with pre-specified calibrated weights.

The Web design will correspond to a web survey with its own pre-specified calibrated weights.

The two questions we are addressing are:
1. Are Web and Benchmark “representing” the same population?

2. Can Web’s weighting be modified for better representation?



Method: Use a 2-survey R-indicator for assessment of Web with regard
to Benchmark

1. Pool the samples from Web and Benchmark.
2. Prediction only, so no variance structures used.

3. Scale the weights so that the sum of the Web weights = sum of the Benchmark weights.
The weighted proportion of each sample to the weighed total is 7.

4. Propensity estimation.
Model y ~ f(x,), onthe X (usually logistic regression)

y =1 ifaunituinthe pooled sample is in Web
y =0 if aunit vin the pooled sample is in Benchmark

X : important covariates (domains)



Method Cont.

5. For unit g with covariate X, the predictionis Ay, = P( unit u is from web| x)
the mean prediction is 5= 377" pux wy
the distance of predictions from the mean is S*(p,)= 5™ 8w, (. — 5)?  (weights scaled to 1)

u=1

Web’s is “Representative” if the ,(3u|x’s are roughly constant or if $%(p,) is small.
SCB form: R-indicator R(px)=1-2/52(p5) in range 0,1]

R(px) = 1 interpreted as Web and Benchmark are “equally representative” with respect
to X



Features of the R-indicator

1. For the Web and Benchmark surveys, the initial wei%hts can be considered as
survey adjusted weights. They may be pre-adjusted for non-response and
calibrated to external controls.

2. The R-indicator, R(p,) and the form Sz(px) are equivalent metrics, with the latter
form targeting O as an indication of representativeness. The latter form is more
amenable to explaining features of the metric.

3. The scaling of the two survey’s weights to sum to %2 makes the R-indicator a useful
metric to evaluate different weighting methods on the Web in relation to the
Benchmark. Deviations of py, , and pg , from 0.50 over all observations are main
components of the R-indicator.

4. If X and X,are two sets of covariates and x,, =(x,,x,)is the combined set then
fg(p ) < fg(px ), i.e., adding more covariates to the model decreases the R-indicator.

X12



General application to determine impact of survey weights and
covariates on survey ’s “representativeness”

Pre-release, consider the Web survey as open to survey calibration methods.

Determine a weighting method that achieves some degree of “representativeness” with a
Benchmark survey.

Start with wl=1 for raw assessment and
w2= Web provided weight ( possibly complex strategy)

Select re-calibration weighting methods w3, ..., wk (may include w2 population controls
along with additional controls based on benchmark variables.

Select assessment covariates (can be different from calibration controls)

Evaluate the R-indicator by weight and assessment covariates.



General application: cont.

Create a weighting method / assessment covariate-vector table with different
“representative” covariate groupings. Determine a weighting method that meets the
Web survey’s objectives (subjective).

D weight option covariate option covariate option |
X, X,
R-1indicator R-1indicator
W R(x,) R(x,)
W, R(x,) R(x,)
i W; R(x,) R(x,)




Example: the 2019 NHIS* serves as the Benchmark survey while
the RANDS 4** is the Web survey

Weight system Weight calibration variables

NHIS NHIS Final calibrated Census provided demographic variables
GEEFR-EVAN Weight

Unit Weight No
AmeriSpeak Weight Census provided demographic variables”

Candidate re-weightings
RANDS 4

(n=3,442) Calibwgt5 By raking: 5 demographic variables”: gender, age, race/ethnicity,
n=3,

education, Census region
By raking: 9 variables: variables from 5-variable calibration plus

Calibwgt9 marital status, income, and selected health outcomes (asthma,

diabetes)

*National Health Interview Survey (NHIS) which is based on a personal interview with weighting which includes

nonresponse adjustment and raking to US population totals.

**RANDS 4 is a web-panel survey (conducted by NORC) based on AmeriSpeak with weights adjusted to US population totals.

A common demographics may vary in definition by AmeriSpeak and candidate re-weightings.
e e m



Candidate variables (x) used in logistic models: Pr(Web=1|x) ~ Bx

Number of

Variable .
Categories

Category group

4 Hispanic, NH white, NH black, NH other
m 3 <=High school, some college, >=Bachelor
4 Northeast, Midwest, South, West

2 Married, not married



Result: logistic model: Pr(Web=1|x) ~ Bx for single health outcome(x)

NCHS Calibrated
Unit-weight NORC Weight

0.743 0.911 0.935

DIE] I 0.746 0.926 0.958
Health status** 0.618 0.704 0.808
Anxiety** 0.648 0.739 0.889
Depression** 0.649 0.742 0.891

*Weighted regression using Calibwgt5 ; **Weighted regression using Calibwgt9.

Results: NCHS Calibrated Weights improved the Web survey’s “representativeness” with
higher R-indicators



Results: logistic model: Pr(Web=1|x) ~ Bx for
multiple outcomes: health status + asthma + diabetes + depression + anxiety

R lndlcator 0.655 0.755 0.760 0.916

Results: NCHS Calibrated Weights improved the Web survey’s
“representativeness” with higher R-indicators



Impact of survey weights and covariates on survey’s
“representativeness”, cont.

1. Impact from survey weight in propensity score (PS) logistic regression: we
used different weighting strategies to improve the R-indicator, i.e., we
compared R-indicators with different weights included in PS models.

2. Impact from covariates included in PS logistic regression: For point
estimates, target health outcomes might vary with R-indicator computing
PS models.



Summary

The R-indicator : used to assess the “representativeness” of a web-
panel based health survey as compared to the NHIS (benchmark).

The metric can be used to evaluate possible weighting strategies and
select covariates common to both surveys.

In our case study example, the R-indicators helped improve calibration
reweighting when compared to the web survey’s weight.

R-indictors on periodic web-panels may suggest:
1. Additional weight calibrations are needed;
2. Design feature changes from previous survey R-indicator assessments;

3. New non-sampling issues.



Other studies on R-indicators

= Schouten et al. (2012). R-indicators can be applied to establish the quality of
register data.

"= Robertsetal. (2020) Case study using data from the Swiss European Social Survey
and nonresponse follow-up survey indicated that a validation of R-indicator
depends on the auxiliary data used in R-indicator estimation.

= Michael et al. (2022) studied “universal adaptability”, which focused on target-
independent inference that competes with propensity scoring.
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Thank you!

Rong Wei: rrw5@cdc.gov
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