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Sample Surve\ Design and Anal\sis

Overview

Researchers often use sample survey methodology to obtain information about a large aggregate or population by selecting and measuring a sample from that population. Due
to the variability of characteristics among items in the population, researchers apply scientific sample designs in the sample selection process to reduce the risk of a distorted
view of the population, and they make inferences about the population based on the information from the sample survey data. In order to make statistically valid inferences for
the population, they must incorporate the sample design in the data analysis.

Traditional SAS  procedures, such as the MEANS procedure and the GLM procedure, compute statistics under the assumption that the sample is drawn from an infinite
population by simple random sampling. These procedures generally do not correctly estimate the variance of an estimator if they are applied to a sample drawn by a complex
sample design. SAS users have requested procedures that analyze data from complex sample surveys. In response to this request, SAS/STAT  software now provides the
SURVEYFREQ, SURVEYLOGISTIC, SURVEYMEANS, SURVEYPHREG, SURVEYREG, and SURVEYSELECT procedures.

To select probability-based random samples from a study population, you can use the SURVEYSELECT procedure, which provides a variety of methods for probability
sampling. To analyze sample survey data, you can use the SURVEYFREQ, SURVEYLOGISTIC, SURVEYMEANS, SURVEYPHREG, and SURVEYREG procedures, which
incorporate the sample design into the analyses. These procedures can be used for multistage designs or for single-stage designs, with or without stratification, and with or
without unequal weighting.

Procedure Features

PROC SURVEYFREQ

estimates of population means and totals

estimates of population proportions

standard errors

confidence limits

hypothesis tests (t tests)

domain analysis

ratio estimates

PROC SURVEYLOGISTIC

cumulative logit regression model fitting

logit, complementary log-log and probit link functions

generalized logit regression model fitting

estimates of regression coefficients

estimates of covariance matrices

hypothesis tests

model diagnostics

estimates of odds ratios

confidence limits

estimable functions

estimates and standard errors for contrasts

domain analysis

PROC SURVEYMEANS

estimates of population means and totals

estimates of population proportions

standard errors

confidence limits

hypothesis tests (t tests)

domain analysis

ratio estimates

PROC SURVEYPHREG

regression analysis based on the Cox proportional hazards model

hazard ratio estimates

predicted values and their standard errors

martingale, Schoenfeld, score, and deviance residuals

significance tests

confidence limits

estimable functions

domain analysis

PROC SURVEYREG

linear regression model fitting

estimates of regression coefficients

estimates of covariance matrices

significance tests

confidence limits

estimable functions

estimates and standard errors for contrasts

domain analysis

PROC SURVEYSELECT

simple random sampling

unrestricted random sampling (with replacement)

systematic sampling

sequential sampling

selection probability proportional to size (PPS) with and without replacement

PPS systematic sampling

PPS for two units per stratum

sequential PPS with minimum replacement

The SURVEYFREQ Procedure

Providing software solutions since 1976
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The SURVEYFREQ ProcedXre

TKH SURVEYFREQ SURFHGXUH SURGXFHV RQH-ZD\ WR Q-ZD\ IUHTXHQF\ DQG FURVVWDEXODWLRQ WDEOHV IURP VDPSOH VXUYH\ GDWD. TKHVH WDEOHV LQFOXGH HVWLPDWHV RI SRSXODWLRQ WRWDOV,
SRSXODWLRQ SURSRUWLRQV (RYHUDOO SURSRUWLRQV, DQG DOVR URZ DQG FROXPQ SURSRUWLRQV), DQG FRUUHVSRQGLQJ VWDQGDUG HUURUV. CRQILGHQFH OLPLWV, FRHIILFLHQWV RI YDULDWLRQ, DQG GHVLJQ
HIIHFWV DUH DOVR DYDLODEOH. TKH SURFHGXUH SURYLGHV D YDULHW\ RI RSWLRQV WR FXVWRPL]H \RXU WDEOH GLVSOD\.

FRU RQH-ZD\ IUHTXHQF\ WDEOHV, PROC SURVEYFREQ SURYLGHV RDR-SFRWW FKL-VTXDUH JRRGQHVV-RI-ILW WHVWV, ZKLFK DUH DGMXVWHG IRU WKH VDPSOH GHVLJQ. YRX FDQ WHVW D QXOO
K\SRWKHVLV RI HTXDO SURSRUWLRQV IRU D RQH-ZD\ IUHTXHQF\ WDEOH, RU \RX FDQ LQSXW RWKHU QXOO K\SRWKHVLV SURSRUWLRQV IRU WKH WHVW. FRU WZR-ZD\ IUHTXHQF\ WDEOHV, PROC
SURVEYFREQ SURYLGHV GHVLJQ-EDVHG WHVWV RI QR DVVRFLDWLRQ EHWZHHQ WKH URZ DQG FROXPQ YDULDEOHV. TKHVH WHVWV LQFOXGH WKH RDR-SFRWW FKL-VTXDUH WHVW, WKH RDR-SFRWW
OLNHOLKRRG-UDWLR WHVW, WKH WDOG FKL-VTXDUH WHVW, DQG WKH WDOG ORJ-OLQHDU FKL-VTXDUH WHVW.

TKH IROORZLQJ VWDWHPHQWV LOOXVWUDWH WKH V\QWD[ RI PROC SURVEYFREQ:

p r o c  s u r v e \ f r e q  d a t a = S I S _ S u r v e \ ;  
   t a b l e s  R e s p o n s e ;  
   s t r a t a   S t a t e   N e w U s e r ;  
   c l u s t e r  S c h o o l ;  
   w e i g h t  S a m p l i n g W e i g h t ;  
r u n ;

The SURVEYLOGISTIC ProcedXre

TKH SURVEYLOGISTIC SURFHGXUH ILWV OLQHDU ORJLVWLF UHJUHVVLRQ PRGHOV IRU GLVFUHWH UHVSRQVH VXUYH\ GDWD E\ WKH PHWKRG RI SVHXGR-PD[LPXP OLNHOLKRRG, LQFRUSRUDWLQJ WKH
VDPSOH GHVLJQ LQWR WKH DQDO\VLV. TKH SURVEYLOGISTIC SURFHGXUH HQDEOHV \RX WR XVH FDWHJRULFDO FODVVLILFDWLRQ YDULDEOHV DV H[SODQDWRU\ YDULDEOHV, XVLQJ WKH IDPLOLDU V\QWD[ IRU
PDLQ HIIHFWV DQG LQWHUDFWLRQV HPSOR\HG LQ WKH GLM DQG LOGISTIC SURFHGXUHV. TKH IROORZLQJ OLQN IXQFWLRQV DUH DYDLODEOH LQ PROC SURVEYLOGISTIC: WKH FXPXODWLYH ORJLW
IXQFWLRQ (CLOGIT), WKH JHQHUDOL]HG ORJLW IXQFWLRQ (GLOGIT), WKH SURELW IXQFWLRQ (PROBIT), DQG WKH FRPSOHPHQWDU\ ORJ-ORJ IXQFWLRQ (CLOGLOG). DHVLJQ-EDVHG YDULDQFHV RI WKH
HVWLPDWHG UHJUHVVLRQ SDUDPHWHUV DQG WKH RGGV UDWLRV DUH HVWLPDWHG XVLQJ D TD\ORU VHULHV H[SDQVLRQ DSSUR[LPDWLRQ.

TKH IROORZLQJ VWDWHPHQWV LOOXVWUDWH WKH V\QWD[ RI PROC SURVEYLOGISTIC:

p r o c  s u r v e \ l o g i s t i c  d a t a = S a m p l e S t r a t a ;  
   s t r a t a  s t a t e  t \ p e / l i s t ;  
   m o d e l  R a t i n g  ( o r d e r = i n t e r n a l )  =  U s a g e ;  
   w e i g h t  S a m p l i n g W e i g h t ;  
r u n ;

The SURVEYMEANS ProcedXre

TKH SURVEYMEANS SURFHGXUH SURYLGHV HVWLPDWHV RI SRSXODWLRQ PHDQV DQG SRSXODWLRQ WRWDOV IURP VDPSOH VXUYH\ GDWD. TKH VDPSOH GHVLJQ FDQ EH D FRPSOH[ VDPSOH GHVLJQ
ZLWK VWUDWLILFDWLRQ, FOXVWHULQJ, DQG XQHTXDO ZHLJKWLQJ. PROC SURVEYMEANS DOVR SURYLGHV GRPDLQ DQDO\VLV (VXEJURXS RU VXESRSXODWLRQ DQDO\VLV). TKH SURFHGXUH XVHV WKH
TD\ORU VHULHV H[SDQVLRQ PHWKRG WR SURYLGH HVWLPDWHV RI GHVLJQ-EDVHG YDULDQFHV IRU WKH TXDQWLWLHV RI LQWHUHVW.

YRX FDQ XVH WKH SURVEYMEANS SURFHGXUH WR FRPSXWH WKH IROORZLQJ VWDWLVWLFV:

HVWLPDWHV RI SRSXODWLRQ PHDQV, ZLWK FRUUHVSRQGLQJ VWDQGDUG HUURUV DQG W WHVWV

HVWLPDWHV RI SRSXODWLRQ WRWDOV, ZLWK FRUUHVSRQGLQJ HVWLPDWHG VWDQGDUG GHYLDWLRQV DQG W WHVWV

HVWLPDWHV RI SURSRUWLRQV IRU FDWHJRULFDO YDULDEOHV DQG FRUUHVSRQGLQJ W WHVWV

UDWLR HVWLPDWHV SRSXODWLRQ PHDQV DQG SURSRUWLRQV, DQG WKHLU VWDQGDUG HUURUV

FRQILGHQFH OLPLWV IRU HVWLPDWHG SRSXODWLRQ WRWDO, SRSXODWLRQ PHDQ, DQG SURSRUWLRQV

GDWD VXPPDU\ LQIRUPDWLRQ

HVWLPDWHV RI GRPDLQ PHDQV, GRPDLQ WRWDOV, DQG GRPDLQ SURSRUWLRQV DQG WKHLU VWDQGDUG HUURUV

TKH IROORZLQJ VWDWHPHQWV LOOXVWUDWH WKH V\QWD[ RI PROC SURVEYMEANS:

p r o c  s u r v e \ m e a n s  d a t a = C o m p a n \  m e a n  s u m ;
   v a r  A s s e t  S a l e  V a l u e  P r o f i t ;             
   w e i g h t  W e i g h t ;
r u n ;

The SURVEYPHREG ProcedXre

PROC SURVEYPHREG SHUIRUPV UHJUHVVLRQ DQDO\VLV EDVHG RQ WKH CR[ SURSRUWLRQDO KD]DUGV PRGHO IRU VDPSOH VXUYH\ GDWD. TKH SURFHGXUH SURYLGHV GHVLJQ-EDVHG YDULDQFH
HVWLPDWHV, FRQILGHQFH LQWHUYDOV, DQG K\SRWKHVLV WHVWV FRQFHUQLQJ WKH SDUDPHWHUV DQG PRGHO HIIHFWV.

TKH IROORZLQJ VWDWHPHQWV LOOXVWUDWH WKH V\QWD[ RI PROC SURVEYPHREG:

p r o c  s u r v e \ p h r e g  d a t a  =  L i b r a r \ S u r v e \ ;
     w e i g h t  S a m p l i n g W e i g h t ;
     s t r a t a  B r a n c h ;
     m o d e l  l e n B o r r o w * R e t u r n e d ( 0 )  =  A g e ;
 r u n ;

The SURVEYREG ProcedXre

PROC SURVEYREG ILWV OLQHDU UHJUHVVLRQ PRGHOV IRU VXUYH\ GDWD DQG FRPSXWHV UHJUHVVLRQ FRHIILFLHQWV DQG WKHLU YDULDQFH-FRYDULDQFH PDWUL[. TKH SURFHGXUH HQDEOHV \RX WR
VSHFLI\ FODVVLILFDWLRQ HIIHFWV ZLWK WKH VDPH V\QWD[ DV LQ WKH GLM SURFHGXUH. TKH SURFHGXUH DOVR SURYLGHV K\SRWKHVLV WHVWV IRU WKH PRGHO HIIHFWV, IRU DQ\ VSHFLILHG HVWLPDEOH
OLQHDU IXQFWLRQV RI PRGHO SDUDPHWHUV, DQG IRU FXVWRP K\SRWKHVLV WHVWV RI OLQHDU FRPELQDWLRQV RI WKH UHJUHVVLRQ SDUDPHWHUV. TKH SURFHGXUH FRPSXWHV GHVLJQ-EDVHG FRQILGHQFH
OLPLWV RI WKH SDUDPHWHU HVWLPDWHV DQG WKHLU OLQHDU HVWLPDEOH IXQFWLRQV.

TKH IROORZLQJ VWDWHPHQWV LOOXVWUDWH WKH V\QWD[ RI PROC SURVEYREG:

p r o c  s u r v e \ r e g  d a t a = F a r m s  t o t a l = T o t a l I n S t r a t a ;
   s t r a t a  S t a t e  R e g i o n  /  l i s t ;
   m o d e l  C o r n Y i e l d  =  F a r m A r e a /  c o v b ;
   w e i g h t  W e i g h t ;
r u n ;

The SURVEYSELECT ProcedXre

TKH SURVEYSELECT SURFHGXUH SURYLGHV D YDULHW\ RI PHWKRGV IRU VHOHFWLQJ SUREDELOLW\-EDVHG UDQGRP VDPSOHV. TKH SURFHGXUH FDQ VHOHFW D VLPSOH UDQGRP VDPSOH RU FDQ
VDPSOH DFFRUGLQJ WR D FRPSOH[ PXOWLVWDJH VDPSOH GHVLJQ WKDW LQFOXGHV VWUDWLILFDWLRQ, FOXVWHULQJ, DQG XQHTXDO SUREDELOLWLHV RI VHOHFWLRQ. WLWK SUREDELOLW\ VDPSOLQJ, HDFK XQLW LQ
WKH VXUYH\ SRSXODWLRQ KDV D NQRZQ, SRVLWLYH SUREDELOLW\ RI VHOHFWLRQ. TKLV SURSHUW\ RI SUREDELOLW\ VDPSOLQJ DYRLGV VHOHFWLRQ ELDV DQG HQDEOHV \RX WR XVH VWDWLVWLFDO WKHRU\ WR PDNH
YDOLG LQIHUHQFHV IURP WKH VDPSOH WR VXUYH\ SRSXODWLRQ.

IQ DGGLWLRQ WR PHWKRGV IRU HTXDO SUREDELOLW\ VHOHFWLRQ, PROC SURVEYSELECT DOVR SURYLGHV SUREDELOLW\ SURSRUWLRQDO WR VL]H (PPS) VHOHFWLRQ PHWKRGV. IQ PPS VDPSOLQJ, D XQLW'V
VHOHFWLRQ SUREDELOLW\ LV SURSRUWLRQDO WR LWV VL]H PHDVXUH. PPS VDPSOLQJ LV RIWHQ XVHG LQ FOXVWHU VDPSOLQJ, ZKHUH \RX VHOHFW FOXVWHUV (JURXSV RI VDPSOLQJ XQLWV) RI YDU\LQJ VL]HV LQ
WKH ILUVW VWDJH RI VHOHFWLRQ. AYDLODEOH PPS PHWKRGV LQFOXGH ZLWKRXW UHSODFHPHQW, ZLWK UHSODFHPHQW, V\VWHPDWLF, DQG VHTXHQWLDO ZLWK PLQLPXP UHSODFHPHQW. TKH SURFHGXUH FDQ
DSSO\ WKHVH PHWKRGV IRU VWUDWLILHG DQG UHSOLFDWHG VDPSOH GHVLJQV.

TR VHOHFW D VDPSOH ZLWK PROC SURVEYSELECT, \RX LQSXW D SAS GDWD VHW WKDW FRQWDLQV WKH VDPSOLQJ IUDPH RU OLVW WKH XQLWV IURP ZKLFK WKH VDPSOH ZLOO EH VHOHFWHG. YRX DOVR
VSHFLI\ WKH VHOHFWLRQ PHWKRGV, WKH GHVLUHG VDPSOH VL]H RU VDPSOLQJ UDWH, DQG RWKHU SDUDPHWHUV. TKH SURVEYSELECT SURFHGXUH VHOHFWV WKH VDPSOH, SURGXFLQJ DQ RXWSXW GDWD
VHW WKDW FRQWDLQV WKH VHOHFWHG XQLWV, WKHLU VHOHFWLRQ SUREDELOLWLHV, DQG VDPSOLQJ ZHLJKWV.
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The SURVEYSELECT procedure uses fast, efficient algorithms for these sample selection methods. Thus, it performs well even for very large input data sets or sampling
frames, which can occur in practice for large scale sample surveys.

The following statements illustrate the syntax of PROC SURVEYSELECT:

 
p r o c  s u r v e \ s e l e c t  d a t a = C u s t o m e r s
   m e t h o d = s r s  n = 1 5
   s e e d = 1 9 5 3  o u t = S a m p l e S t r a t a ;
   s t r a t a  S t a t e  T \ p e ;
r u n ;

A NoWe on VaUiance EVWimaWion

The survey analysis procedures provide a choice of variance estimation methods for complex survey designs. In addition to the Taylor series linearization method, the
procedures offer two replication-based (resampling) methods—balanced repeated replication (BRR) and the delete-1 jackknife. These variance estimation methods usually give
similar, satisfactory results. The choice of a variance estimation method can depend on the sample design used, the sample design information available, the parameters to be
estimated, and computational issues.

The Taylor series linearization method is appropriate for all designs in which the first-stage sample is selected with replacement, or in which the first-stage sampling fraction is
small, as it often is in practice. The Taylor series method obtains a linear approximation for the estimator and then uses the variance estimate for this approximation to estimate
the variance of the estimate itself. When there are clusters (PSUs) in the sample design, the procedures estimate the variance from the variation among the PSUs. When the
design is stratified, the procedures pool stratum variance estimates to compute the overall variance estimate.

For a multistage sample design, the Taylor series method uses only the first stage of the sample design. Therefore, the required input includes only first-stage cluster (PSU)
and first-stage stratum identification. You do not need to input design information about any additional stages of sampling.

Replication methods for variance estimation draw multiple replicates (or subsamples) from the full sample by following a specific resampling scheme. Commonly used
resampling schemes include balanced repeated replication (BRR) and the jackknife. The parameter of interest is estimated from each replicate, and the variability among the
replicate estimates is used to estimate the overall variance of the parameter estimate.

The BRR variance estimation method requires a stratified sample design with two PSUs in each stratum. Each replicate is obtained by deleting one PSU per stratum according
to the corresponding Hadamard matrix and adjusting the original weights for the remaining PSUs. The adjusted weights are called replicate weights. The survey procedures also
provide Fay¶s method, which is a modification of the BRR method.

The jackknife method deletes one PSU at a time from the full sample to create replicates, and modifies the original weights to obtain replicate weights. The total number of
replicates equals the number of PSUs. If the sample design is stratified, each stratum must contain at least two PSUs, and the jackknife is applied separately within each
stratum.

Instead of having the survey procedures generate replicate weights for the analysis, you can directly input your own replicate weights. This can be useful if you need to do
multiple analyses with the same set of replicate weights or if you have access to replicate weights without complete design information.

DocXmenWaWion

For more information, see the chapters "Introduction to Survey Procedures," "The SURVEYFREQ Procedure," "The SURVEYLOGISTIC Procedure," "The SURVEYMEANS
Procedure," "The SURVEYPHREG Procedure," "The SURVEYREG Procedure," and "The SURVEYSELECT Procedure" in the SAS/STAT User's Guide.
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