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Overview: SURVEYIMPUTE Procedure

The SURVEYIMPUTE procedure imputes missing values of an item in a data set by replacing them with
observed values from the same item. The principles by which the imputation is performed are particularly
useful for survey data. PROC SURVEYIMPUTE also computes replicate weights (such as jackknife weights)
that account for the imputation and that can be used for replication-based variance estimation for complex
surveys. The procedure implements a fractional hot-deck imputation technique (Kim and Fuller 2004; Fuller
2009; Kim and Shao 2014) in addition to some traditional hot-deck imputation techniques (Andridge and
Little 2010).

Nonresponse is a common problem in almost all surveys of human populations. Estimators that are based on
survey data that include nonresponse can suffer from nonresponse bias if the nonrespondents are different
from the respondents. Estimators that use complete cases (only the observed units) might also be less precise.
Imputation techniques are important tools for reducing nonresponse bias and producing ef�cient estimators.

The main objectives of any imputation technique are to eliminate the nonresponse bias and to provide
an imputed data set that results in consistent analyses conducted with the imputed data. In addition, a
variance estimator must be available that accounts for both the sampling variance and the imputation variance.
Imputation techniques use implicit or explicit models. Some model-based imputation techniques include
multiple imputation, mean imputation, and regression imputation. For more information about multiple
imputation in SAS/STAT, see Chapter 77, “The MI Procedure,” and Chapter 78, “The MIANALYZE
Procedure.”

Imputation techniques that do not use explicit models include hot-deck imputation, cold-deck imputation, and
fractional imputation. PROC SURVEYIMPUTE implements imputation techniques that do not use explicit
models. It also produces replicate weights that can be used with any survey analysis procedure in SAS/STAT
to estimate both the sampling variability and the imputation variability.

Hot-deck imputation is the most commonly used imputation technique for survey data. A donor is selected
for a recipient unit, and the observed values of the donor are imputed for the missing items of the recipient.
Although the imputation method is straightforward, the variance estimator that accounts for imputation
variance might not be simple and is often ignored in practice. PROC SURVEYIMPUTE does not create
imputation-adjusted replicate weights for hot-deck imputation.

Fractional hot-deck imputation (Kalton and Kish 1984; Fay 1996; Kim and Fuller 2004; Fuller and Kim
2005), also known as fractional imputation (FI), is a variation of hot-deck imputation in which one missing
item for a recipient is imputed from multiple donors. Each donor donates a fraction of the original weight of
the recipient such that the sum of the fractional weights from all the donors is equal to the original weight of
the recipient. For fully ef�cient fractional imputation (FEFI), all observed values in an imputation cell are
used as donors for a recipient unit in that cell (Kim and Fuller 2004).

The SURVEYIMPUTE procedure implements single and multiple hot-deck imputation, FEFI and FHDI.
Available donor selection techniques include simple random selection with or without replacement, probability
proportional to weights selection (Rao and Shao 1992), and approximate Bayesian bootstrap selection (Rubin
and Schenker 1986).

The remaining sections of this chapter are organized as follows:

� “Getting Started: SURVEYIMPUTE Procedure” on page 9241 introduces PROC SURVEYIMPUTE
with an example.
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� “Syntax: SURVEYIMPUTE Procedure” on page 9247 describes the syntax of the procedure.

� “Details: SURVEYIMPUTE Procedure” on page 9261 summarizes the imputation techniques that
PROC SURVEYIMPUTE uses.

� “Examples: SURVEYIMPUTE Procedure” on page 9307 includes some additional examples of useful
applications.

Getting Started: SURVEYIMPUTE Procedure

This example shows how you can use PROC SURVEYIMPUTE to impute missing values and compute
imputation-adjusted statistics for sample survey data. The example uses simulated data from a customer
satisfaction survey for a student information system (SIS), which is a software product that provides modules
for student registration, class scheduling, attendance, grade reporting, and other functions.

The software company conducted a survey of school personnel who use the SIS. A probability sample of SIS
users was selected from the study population, which included SIS users at middle schools and high schools in
three states, Georgia, South Carolina, and North Carolina. The sample design for this survey was a two-stage
strati�ed design. A �rst-stage sample of schools was selected from the list of schools in the three states that
use the SIS. The list of schools, which are the primary sampling units (PSU), was strati�ed by state and
by customer status (whether the school was a new user or a renewal user of the system). Within the strata,
schools were selected with probability proportional to size and with replacement, where the size measure was
school enrollment. From each sample school, �ve staff members were randomly selected with replacement
as the second-stage units to complete the SIS satisfaction questionnaire. These staff members include both
teachers and administrators.

The SAS data setSIS_Survey_Sub contains the survey results and the sample design information that is
needed to analyze the data. The data set contains the following items:

� State: state where the school is located

� NewUser: 1 if the school is a new user of SIS or 0 if not

� School: school identi�cation (PSU)

� SamplingWeight: sampling weight

� Department: 0 for teachers and 1 for administrators

� Response: coded from 1 to 5, where 1 represents “Very Unsatis�ed” and 5 represents “Very Satis�ed”

data SIS_Survey_Sub;
input State $ NewUser School SamplingWeight Department Response @@;
datalines;

GA 1 1 25 1 1 GA 1 1 25 1 2 GA 1 1 25 1 2 GA 1 1 15 . . GA 1 1 15 0 3
GA 1 2 25 . 3 GA 1 2 25 1 1 GA 1 2 25 . 1 GA 1 2 15 0 . GA 1 2 15 0 1
GA 1 3 25 1 . GA 1 3 25 1 4 GA 1 3 25 1 4 GA 1 3 15 . 5 GA 1 3 15 0 .
GA 1 4 25 0 3 GA 1 4 25 0 4 GA 1 4 25 0 . GA 1 4 15 1 3 GA 1 4 15 1 5
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GA 1 5 25 0 3 GA 1 5 25 0 2 GA 1 5 25 0 2 GA 1 5 15 1 4 GA 1 5 15 1 .
GA 1 6 25 0 4 GA 1 6 25 0 . GA 1 6 25 0 3 GA 1 6 15 1 . GA 1 6 15 1 4
GA 1 7 25 0 . GA 1 7 25 0 . GA 1 7 25 0 3 GA 1 7 15 0 5 GA 1 7 15 0 1
GA 1 8 25 1 2 GA 1 8 25 1 4 GA 1 8 25 1 4 GA 1 8 15 0 4 GA 1 8 15 0 .
GA 1 9 25 1 4 GA 1 9 25 1 . GA 1 9 25 1 . GA 1 9 15 0 5 GA 1 9 15 . 5
GA 1 10 25 0 4 GA 1 10 25 0 4 GA 1 10 25 0 4 GA 1 10 15 0 4 GA 1 10 15 0 3
GA 0 11 25 . 5 GA 0 11 25 1 2 GA 0 11 25 1 . GA 0 11 15 . 3 GA 0 11 15 1 3
GA 0 12 25 1 4 GA 0 12 25 1 2 GA 0 12 25 1 2 GA 0 12 15 1 5 GA 0 12 15 1 .
GA 0 13 25 1 3 GA 0 13 25 1 1 GA 0 13 25 1 1 GA 0 13 15 0 1 GA 0 13 15 0 4
GA 0 14 25 1 . GA 0 14 25 1 3 GA 0 14 25 1 . GA 0 14 15 1 4 GA 0 14 15 1 2
GA 0 15 25 1 . GA 0 15 25 1 5 GA 0 15 25 1 5 GA 0 15 15 1 4 GA 0 15 15 1 .
GA 0 16 25 0 5 GA 0 16 25 0 2 GA 0 16 25 0 2 GA 0 16 15 0 . GA 0 16 15 0 2
GA 0 17 25 0 1 GA 0 17 25 0 1 GA 0 17 25 0 1 GA 0 17 15 0 2 GA 0 17 15 0 3
GA 0 18 25 1 4 GA 0 18 25 1 4 GA 0 18 25 1 4 GA 0 18 15 0 . GA 0 18 15 0 .
GA 0 19 25 0 3 GA 0 19 25 0 5 GA 0 19 25 . 5 GA 0 19 15 0 4 GA 0 19 15 0 5
GA 0 20 25 1 1 GA 0 20 25 1 4 GA 0 20 25 1 4 GA 0 20 15 0 . GA 0 20 15 0 .
GA 0 21 25 1 2 GA 0 21 25 1 2 GA 0 21 25 1 2 GA 0 21 15 0 3 GA 0 21 15 0 3
NC 1 22 30 1 3 NC 1 22 30 . 3 NC 1 22 30 1 3 NC 1 22 20 . 4 NC 1 22 20 1 4
NC 1 23 30 0 3 NC 1 23 30 0 3 NC 1 23 30 0 . NC 1 23 20 0 5 NC 1 23 20 0 .
NC 1 24 30 . 4 NC 1 24 30 0 . NC 1 24 30 . . NC 1 24 20 1 . NC 1 24 20 1 4
NC 1 25 30 0 3 NC 1 25 30 0 3 NC 1 25 30 0 3 NC 1 25 20 1 2 NC 1 25 20 1 2
NC 1 26 30 . 5 NC 1 26 30 1 5 NC 1 26 30 1 5 NC 1 26 20 1 1 NC 1 26 20 1 .
NC 1 27 30 1 . NC 1 27 30 1 1 NC 1 27 30 . 1 NC 1 27 20 0 1 NC 1 27 20 . 1
NC 1 28 30 0 . NC 1 28 30 0 . NC 1 28 30 . 3 NC 1 28 20 1 3 NC 1 28 20 1 .
NC 1 29 30 1 1 NC 1 29 30 . 1 NC 1 29 30 1 . NC 1 29 20 1 5 NC 1 29 20 1 5
NC 1 30 30 0 1 NC 1 30 30 0 1 NC 1 30 30 0 1 NC 1 30 20 1 2 NC 1 30 20 1 2
NC 1 31 30 0 3 NC 1 31 30 0 3 NC 1 31 30 0 3 NC 1 31 20 1 2 NC 1 31 20 1 2
NC 1 32 30 0 5 NC 1 32 30 . . NC 1 32 30 0 5 NC 1 32 20 . 2 NC 1 32 20 0 2
NC 1 33 30 1 3 NC 1 33 30 1 3 NC 1 33 30 1 3 NC 1 33 20 0 1 NC 1 33 20 0 1
NC 1 34 30 0 3 NC 1 34 30 0 . NC 1 34 30 0 . NC 1 34 20 0 . NC 1 34 20 0 5
NC 0 35 35 0 4 NC 0 35 35 0 2 NC 0 35 35 0 2 NC 0 35 20 1 3 NC 0 35 20 1 3
NC 0 36 35 0 2 NC 0 36 35 0 . NC 0 36 35 0 . NC 0 36 20 1 2 NC 0 36 20 . .
NC 0 37 35 1 4 NC 0 37 35 1 1 NC 0 37 35 1 1 NC 0 37 20 1 5 NC 0 37 20 1 5
NC 0 38 35 1 3 NC 0 38 35 . 3 NC 0 38 35 1 3 NC 0 38 20 . 2 NC 0 38 20 0 2
NC 0 39 35 0 3 NC 0 39 35 0 . NC 0 39 35 . . NC 0 39 20 0 . NC 0 39 20 0 3
NC 0 40 35 1 4 NC 0 40 35 1 2 NC 0 40 35 1 2 NC 0 40 20 0 1 NC 0 40 20 0 1
SC 1 41 50 . 2 SC 1 41 50 0 5 SC 1 41 50 0 5 SC 1 41 40 1 . SC 1 41 40 1 .
SC 1 42 50 1 3 SC 1 42 50 1 1 SC 1 42 50 1 1 SC 1 42 40 1 4 SC 1 42 40 1 4
SC 1 43 50 0 . SC 1 43 50 0 . SC 1 43 50 0 . SC 1 43 40 0 . SC 1 43 40 0 .
SC 1 44 50 0 . SC 1 44 50 0 . SC 1 44 50 0 3 SC 1 44 40 1 3 SC 1 44 40 1 .
SC 0 45 55 1 1 SC 0 45 55 1 . SC 0 45 55 1 4 SC 0 45 48 1 4 SC 0 45 48 1 4
SC 0 46 55 1 5 SC 0 46 55 1 3 SC 0 46 55 1 3 SC 0 46 48 . 1 SC 0 46 48 0 1
SC 0 47 55 0 . SC 0 47 55 0 2 SC 0 47 55 0 2 SC 0 47 48 0 2 SC 0 47 48 . 2
;

The following statements request the imputation of missing values forDepartment andResponse by using
the fully ef�cient fractional imputation (FEFI) method:

proc surveyimpute data=SIS_Survey_Sub method=fefi varmethod=jackknife;
class Department Response;
var Department Response;
strata State NewUser;
cluster School;
weight SamplingWeight;
output out=SIS_Survey_Imputed outjkcoefs=SIS_JKCoefs;

run;
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The PROC SURVEYIMPUTE statement invokes the procedure. The DATA= option in the PROC SUR-
VEYIMPUTE statement speci�es the input data set containing the missing values, the METHOD=FEFI
option requests the fully ef�cient fractional imputation method, and the VARMETHOD= option requests the
imputation-adjusted jackknife replicate weights. The CLASS statement speci�es the classi�cation variables.
The STRATA, CLUSTER, and WEIGHT statements specify the strata, clusters (PSUs), and weight variables.
The VAR statement speci�es the variables to be imputed (Department andResponse). By default, both the
variablesDepartment andResponse are imputed jointly. Therefore, the missing values forDepartment will
be imputed conditionally on the observed levels ofResponse, and the missing values forResponse will
be imputed conditionally on the observed levels ofDepartment. Observations that contain missing values
for bothDepartment andResponse will be imputed by using the joint observed levels ofDepartment and
Response. The OUT= option in the OUTPUT statement names a SAS data set to save the imputed data. The
OUTJKCOEFS= option in the OUTPUT statement names a SAS data set to save the jackknife coef�cients.

Summary information about the data, CLASS levels, and survey design is shown in Figure 113.1. The
“Imputation Information” table summarizes the imputation information. The “Number of Observations” table
displays the number of observations that PROC SURVEYIMPUTE reads and uses. This table also displays
the sum of weights that are read and used. The sum of weights read (6,468) can be used as an estimator
of the population size. For example, the 235 observation units in theSIS_Survey_Sub data set represent
6,468 teachers and administrative staff in the population. The “Class Level Information” table shows that
Department has two levels andResponse has �ve levels. The “Design Summary” table shows that 47 schools
are selected in the sample from six strata.

Figure 113.1 Summary Information

The “Missing Data Patterns” table in Figure 113.2 lists distinct missing data patterns along with their
corresponding frequencies and weighted percentages. An “X” means that the variable is observed in the
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corresponding group, and a “.” means that the variable is missing. The table also displays group-speci�c
variable means. In this hypothetical example, �ve respondents have unit nonresponse (both variables in the
VAR statement contain missing values), 73 respondents have item nonresponse (only one variable in the VAR
statement contains a missing value), and 157 respondents have complete response (no variables in the VAR
statement contain missing values). Among the 73 item nonrespondents, for 52 respondents,Department is
observed butResponse is not observed; for 21 respondents,Response is observed butDepartment is not
observed. The estimated percentages in the sample for unit nonresponse, item nonresponse, and complete
response are 2.1%, 31.1%, and 66.8%, respectively.

Figure 113.2 Missing Data Patterns

The “Imputation Summary” table in Figure 113.3 lists the number of nonmissing observations, missing
observations, and imputed observations. There are 78 observations that have missing values for at least one
variable, and all 78 missing observations are imputed.

Figure 113.3 Imputation Summary

The output data setSIS_Survey_Imputed contains the observed data and the imputed values forDepartment
andResponse. In addition, this data set contains the imputation-adjusted full-sample weight (ImpWt), obser-
vation unit identi�cation (UnitId), recipient index (ImpIndex), and imputation-adjusted jackknife replicate
weights (ImpRepWt_1, . . . , ImpRepWt_47).

Suppose you want to compute frequency tables by using the imputed data set. The following statements
request one-way tables forDepartment andResponse and a two-way table forDepartment by Response.
The analyses include the imputed values and account for both the design variance and the imputation variance.



Getting Started: SURVEYIMPUTE Procedure F 9245

proc surveyfreq data=SIS_Survey_Imputed varmethod=jackknife;
table department response department * response;
weight ImpWt;
repweights ImpRepWt: / jkcoefs=SIS_JKCoefs;

run;

The DATA= option in the PROC SURVEYFREQ statement speci�es the input data set for analysis,
SIS_Survey_Imputed, which contains the observed values and the imputed values forDepartment and
Response. The FEFI technique uses multiple donor cells for a missing item. Therefore, the number of
rows in theSIS_Survey_Imputed data set is greater than the number of rows in the observed data set,
SIS_Survey_Sub. Each row in theSIS_Survey_Sub data set represents an observation unit, but this is
not true for theSIS_Survey_Imputed data set. Therefore, it is very important to use only the weighted
statistics fromSIS_Survey_Imputed. The WEIGHT statement speci�es the weight variableImpWt, which is
adjusted for the FEFI method. The imputation-adjusted jackknife replicate weights are saved in the variables
ImpRepWt_1, . . . , ImpRepWt_47 in theSIS_Survey_Imputed data set. The REPWEIGHTS statement names
the replicate weight variables and the jackknife coef�cients data set,SIS_JKCOEFS. You should not use the
unadjusted full-sample weights (SamplingWeight) or unadjusted replicate weights along with the imputed
data.

Figure 113.4 displays some summary information. Note that the sum of weights in Figure 113.4 matches
the sum of weights read from Figure 113.1, but the number of observations in Figure 113.4 (509) does
not match the number of observations from Figure 113.1 (235). The sum of weights from both PROC
SURVEYIMPUTE and PROC SURVEYFREQ represents the population size. The number of observations
in Figure 113.1 represents the number of observation units, but the number of observations in Figure 113.4
represents the number of rows in the data set that include the observed units and the imputed rows. The
number of replicates is 47, which is the same as the number of schools (PSUs).

Figure 113.4 One-Way Table

Figure 113.5 displays one-way tables forDepartment andResponse. The Frequency column does not
represent frequencies for observation units from theSIS_Survey_Sub data set. These frequencies represent
the frequency of data lines in theSIS_Survey_Sub data set, which also include the imputed rows. The
Weighted Frequency, Std Err of Wgt Freq, Percent, and Std Err of Percent columns use the imputation-
adjusted full-sample weight and replicate weights. You should use the weighted statistics from these columns.
For example, an estimated 49.47% of SIS users are teachers, with a standard error of 6.64%. An estimate of
“Very Satis�ed” users is 14.19%, with a standard error of 3.77%.
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Figure 113.5 One-Way Table

Figure 113.6 displays the two-way table forDepartment by Response. The Weighted Frequency, Std Err
of Wgt Freq, Percent, and Std Err of Percent columns use the imputation-adjusted full-sample weight and
replicate weights. You should use the weighted statistics from these columns. Among the school personnel,
an estimated 8.10% are teachers who are “Very Satis�ed”, and 6.09% are administrators who are “Very
Satis�ed”. The standard errors are 3.11% and 2.43%, respectively.

Figure 113.6 Crosstabulation
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Syntax: SURVEYIMPUTE Procedure

The following statements are available in the SURVEYIMPUTE procedure. Items within < > are optional.

PROC SURVEYIMPUTE < options > ;
BY variables ;
CELLS variables ;
CLASS variable < (options) > < . . . variable < (options) > > < / options > ;
CLUSTER variables ;
ID variable ;
IMPJOINT < variables > ;
OUTPUT < OUT=SAS-data-set >< OUTJKCOEFS=SAS-data-set >< keyword=name

. . . keyword=name > ;
REPWEIGHTS variables ;
STRATA variables ;
VAR variable < (options) > < . . . variable < (options) > > < / options > ;
WEIGHT variable ;

The PROC SURVEYIMPUTE and VAR statements are required.

The following sections describe the PROC SURVEYIMPUTE statement and then describe the other state-
ments in alphabetical order.

PROC SURVEYIMPUTE Statement

PROC SURVEYIMPUTE < options > ;

The PROC SURVEYIMPUTE statement invokes the SURVEYIMPUTE procedure. The DATA= option
identi�es the data set to be analyzed. Table 113.1 summarizes the options available in the PROC SURVEY-
IMPUTE statement.

Table 113.1 Options Available in the PROC SURVEYIMPUTE
Statement

Option Description

DATA= Names the input data set
METHOD= Speci�es the imputation method
NDONORS= Speci�es the number of donors for a recipient
NOPRINT Suppresses all displayed output
ORDER= Speci�es the sort order of CLASS variables
SEED= Speci�es the random number seed
VARMETHOD= Speci�es the variance estimation method
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You can specify the followingoptions.

DATA=SAS-data-set
names the SAS data set that contains the data to be analyzed. If you omit the DATA= option, PROC
SURVEYIMPUTE uses the most recently created SAS data set.

METHOD=FEFI | FHDI | HOTDECK | HD < (method-option) >
speci�es the imputation method to impute missing values for all variables in the VAR statement.

Table 113.2 summarizes the availablemethod-options.

Table 113.2 Imputation Methods

METHOD= Imputation Method Method-Options

FEFI Fully ef�cient fractional imputation method ABSEMWTCONV=
MAXDONORCELLS=
MAXEMITER=
RELEMWTCONV=

FHDI Fractional hot-deck imputation method ABSEMWTCONV=
DISP=MEAN
DISP=SSCP
MAXDONORCELLS=
MAXEMITER=
RELEMWTCONV=
REPWTADJ=RATIO
REPWTADJ=NEIGHBOR
REPWTADJ=NONE
SELECTION=PPSPERPATN
SELECTION=PPSPEROBS

HOTDECK | HD Approximate Bayesian bootstrap SELECTION=ABB
Simple random sampling without replacement SELECTION=SRSWOR
Simple random sampling with replacement SELECTION=SRSWR
Weighted selection SELECTION=WEIGHTED

By default, if all variables that you specify in the VAR statement are also speci�ed in the CLASS
statement, then METHOD=FEFI. Otherwise, the default imputation method is METHOD=HOTDECK.
You can specify the following values:

FEFI < (method-options) >
requests the fully ef�cient fractional imputation (FEFI) method. For more information, see the
section “Fully Ef�cient Fractional Imputation” on page 9266.

You can specify the followingmethod-options:

ABSEMWTCONV=r
speci�es the absolute weighted convergence criterion. The expectation maximization (EM)
algorithm stops when the maximum absolute difference between the fractional weights from
the previous iteration and the fractional weights from the current iteration is less thanr . The
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default value ofr is 0.00001. For more information, see the section “FEFI Algorithm” on
page 9266.

MAXDONORCELLS= i
speci�es the maximum number (i) of donor cells allowed for a recipient unit. If the maximum
number of donor cells exceeds MAXDONORCELLS=, then no imputation is performed. By
default, MAXDONORCELLS=5000.

MAXEMITER=i
speci�es the maximum number (i) of iterations for the expectation maximization (EM)
algorithm. By default, MAXEMITER=100.

RELEMWTCONV=r
speci�es a relative weighted convergence criterion. The expectation maximization (EM)
algorithm stops when the maximum absolute relative difference between the weights from
the previous iteration and the weights from the current iteration is less thanr . For more
information, see the section “FEFI Algorithm” on page 9266. The default value ofr is 0.001.

FHDI < (method-options) >
requests the fractional hot-deck imputation (FHDI) method. For more information, see the section
“Fractional Hot-Deck Imputation” on page 9283.

You can specify the followingmethod-options in parentheses:

ABSEMWTCONV=r
speci�es the absolute weighted convergence criterion. The expectation maximization (EM)
algorithm stops when the maximum absolute difference between the �rst-stage fractional
weights from the previous iteration and the �rst-stage fractional weights from the current
iteration is less thanr . For more information, see the section “FEFI Algorithm” on page 9266.
The default value ofr is 0.00001.

DISP=stat
displays the weighted mean or the crossproduct of the weighted mean sum of squares for
variables that are speci�ed in the VAR statement but not in the CLASS statement.

You can specify one of the followingstats:

MEAN displays the weighted mean.

SSCP displays both the weighted mean and the crossproduct of the weighted
mean sum of squares.

Displayed statistics are from both two-stage FEFI and FHDI because PROC SURVEYIM-
PUTE must perform two-stage FEFI in order to determine the donor sets for FHDI. The
closer the means and crossproducts for FHDI are to the ones for two-stage FEFI, the more
con�dence you can have that FHDI is as ef�cient as FEFI.

MAXDONORCELLS= i
speci�es the maximum number (i) of second-stage donor cells allowed for a recipient unit. If
the maximum number of second-stage donor cells exceedsi, then no imputation is performed.
By default, MAXDONORCELLS=5000.
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MAXEMITER=i
speci�es the maximum number (i) of iterations for the expectation maximization (EM)
algorithm for the �rst-stage FEFI. By default, MAXEMITER=100.

RELEMWTCONV=r
speci�es the relative weighted convergence criterion. The expectation maximization (EM)
algorithm for the �rst-stage FEFI stops when the maximum absolute relative difference
between the weights from the previous iteration and the weights from the current iteration
is less thanr . For more information, see the section “FEFI Algorithm” on page 9266. The
default value ofr is 0.001.

REPWTADJ=replicate-adjustment-option
adjusts the replicate weights for FHDI. For more information, see the section “Replicate
Weight Adjustments for FHDI” on page 9301. You can specify one of the following values
for replicate-adjustment-option:

NEIGHBOR adjusts replicate weights by using the sum of replicate fractional weights
in neighborhoods that are de�ned by the full sample fractional weights
from two-stage FEFI.

NONE does not adjust the replicate weights for the selection of donors after
two-stage FEFI.

RATIO adjusts replicate weights by using the ratio of replicate fractional weights
and the full sample fractional weights from two-stage FEFI.

By default, REPWTADJ=NEIGHBOR.

SELECTION=selection-option
speci�es how to perform the probability proportional to size (PPS) with replacement selec-
tion. For more information, see “Second-Stage Selection” in section “Fractional Hot-Deck
Imputation Algorithm” on page 9286. You can specify one of the followingselection-
options:

PPSPEROBS performs independent selection of second-stage donor cells for every
observation unit that is a recipient for the second-stage imputation.

PPSPERPATN performs one selection of second-stage donor cells for all observation
units that are recipients for the second-stage imputation and have the
same �rst-stage FEFI levels.

By default, SELECTION=PPSPERPATN for METHOD=FHDI.

HOTDECK < (SELECTION=selection-option) >

HD < (SELECTION=selection-option) >
requests the hot-deck imputation method. For more information, see the section “Hot-Deck
Imputation” on page 9294.

By default, SELECTION=SRSWR for METHOD=HOTDECK if you do not use the WEIGHT
statement, and SELECTION=WEIGHTED for METHOD=HOTDECK if you use the WEIGHT
statement. You can specify one of the following donor selectionselection-options:
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ABB
requests donor selection by using the approximate Bayesian bootstrap method. For more
information, see the section “Approximate Bayesian Bootstrap” on page 9296.

SRSWOR
requests donor selection by using simple random samples without replacement. For more
information, see the section “Simple Random Samples without Replacement” on page 9296.

SRSWR
requests donor selection by using simple random samples with replacement. For more
information, see the section “Simple Random Samples with Replacement” on page 9296.

WEIGHTED
requests donor selection by using probability proportional to respondent weights with
replacement. For more information, see the section “Weighted Selection” on page 9297.

NDONORS=r
speci�es the number of donor unitsr , wherer is either of the following:

� the number of donor units to be used to impute every recipient unit when METHOD=HOTDECK

� the maximum number of second-stage donor cells to be used to impute second-stage missing
items conditional on the �rst-stage FEFI levels when METHOD=FHDI

If you specify NDONORS=0 for METHOD=HOTDECK, then no imputation is performed.

When METHOD=FEFI, the SURVEYIMPUTE procedure performs fully ef�cient fractional imputation,
for which the NDONORS= option does not apply.

By default, NDONORS=1 for METHOD=HOTDECK and NDONORS=10 for METHOD=FHDI.

NOPRINT
suppresses all displayed output. This option temporarily disables the Output Delivery System (ODS);
for more information about ODS, see Chapter 20, “Using the Output Delivery System.”

ORDER=DATA | FORMATTED | FREQ | INTERNAL
speci�es the sort order for the levels of the classi�cation variables (which are speci�ed in the CLASS
statement).

This option applies to the levels for all classi�cation variables, except when you use the (default)
ORDER=FORMATTED option with numeric classi�cation variables that have no explicit format. In
that case, the levels of such variables are ordered by their internal value.

The ORDER= option can take the following values:

Value of ORDER= Levels Sorted By

DATA Order of appearance in the input data set

FORMATTED External formatted value, except for numeric variables
with no explicit format, which are sorted by their
unformatted (internal) value

FREQ Descending frequency count; levels with the most
observations come �rst in the order

INTERNAL Unformatted value
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By default, ORDER=FORMATTED. For ORDER=FORMATTED and ORDER=INTERNAL, the sort
order is machine-dependent.

For more information about sort order, see the chapter on the SORT procedure in theSAS Visual
Data Management and Utility Procedures Guideand the discussion of BY-group processing inSAS
Language Reference: Concepts.

SEED=number
speci�es the initial random number generation seed for selecting donor units for METHOD=HOTDECK,
or for selecting second-stage donor cells for METHOD=FHDI. Thenumber should be a positive
integer. If you do not specify this option or ifnumber is 0, PROC SURVEYIMPUTE uses the time
of day from the computer's clock to obtain the initial seed. For more information, see the section
“Random Number Generation” on page 9266.

VARMETHOD=method < (method-options) >

REPWEIGHTSTYPE=method < (method-options) >
computes imputation-adjusted replicate weights.

Table 113.3 summarizes the availablemethods andmethod-options.

Table 113.3 Replicate Weights Options

method Replicate Weights Method method-options

BOOTSTRAP Bootstrap MH=number
REPS=number

BRR Balanced repeated replication FAY < =value >
HADAMARD= SAS-data-set
PRINTH
REPS=number

JACKKNIFE Jackknife None

NONE No replicate weight computation None

By default, VARMETHOD=JACKKNIFE when METHOD=FEFI or METHOD=FHDI, and
VARMETHOD=NONE when METHOD=HOTDECK.

You can specify the followingmethods:

BOOTSTRAP < (method-options) >
computes imputation-adjusted bootstrap replicate weights. The bootstrap method requires at
least two primary sampling units (PSUs) in each stratum for strati�ed designs unless you provide
replicate weights by using a REPWEIGHTS statement. For more information, see the section
“Bootstrap Method” on page 9297.

You can specify the followingmethod-options:

MH=value | (values)
speci�es the number of PSUs to select for the bootstrap replicate samples. You can provide
bootstrap stratum sample sizesmh by specifying a list ofvalues. Alternatively, you can
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provide a single bootstrap sample sizevalue to use for all strata or for a nonstrati�ed design.
For more information, see the section “Bootstrap Method” on page 9297.

Each bootstrap sample size,mh , must be a positive integer and must be less thannh , which
is the total number of PSUs in stratumh. By default,mh = nh � 1 for a strati�ed design. For
a nonstrati�ed design, the bootstrap sample sizevalue must be less thann (the total number
of PSUs in the sample). By default,m= n – 1 for a nonstrati�ed design. You can provide the
bootstrap sample size by specifying one of the following forms:

MH=value
speci�es a single bootstrap sample sizevalue to use for all strata or for a nonstrati�ed
design.

MH=(values)
speci�es a list of stratum bootstrap sample sizevalues. You can separate the values by
using blanks or commas, and you must enclose the list of values in parentheses. The
number of values must not be less than the number of strata in the DATA= input data set.

The order of the stratum sample size values must match the order of the stratum levels
in the DATA= input data set. Each stratum sample size value must be a positive integer
and must be less than the total number of PSUs in the corresponding stratum.

REPS=number
speci�es thenumber of replicates for bootstrap variance estimation, wherenumber must
be an integer greater than 1. Increasing the number of replicates improves the estimation
precision but also increases the computation time. By default, REPS=250.

BRR < (method-options) >
computes the imputation-adjusted balanced repeated replication (BRR) weights. The BRR
method requires a strati�ed sample design with two primary sampling units (PSUs) in each
stratum. If you specify the VARMETHOD=BRR option, you must also use a STRATA statement
unless you provide replicate weights by using a REPWEIGHTS statement. For more information,
see the section “Balanced Repeated Replication (BRR) Method” on page 9298.

You can specify the followingmethod-options in parentheses after the VARMETHOD=BRR
option:

FAY < =value >
requests Fay's method, which is a modi�cation of the BRR method. For more information,
see the section “Unadjusted Fay's BRR Replicate Weights” on page 9299.

You can specify thevalue of the Fay coef�cient, which is used in converting the original
sampling weights to replicate weights. The Fay coef�cient must be a nonnegative number
less than 1. By default, the value of the Fay coef�cient is 0.5.

HADAMARD= SAS-data-set

H=SAS-data-set
names a SAS data set that contains the Hadamard matrix for BRR replicate construction.
If you do not provide a Hadamard matrix by using thismethod-option, PROC SURVEY-
IMPUTE generates an appropriate Hadamard matrix for replicate construction. For more
information, see the sections “Balanced Repeated Replication (BRR) Method” on page 9298
and “Hadamard Matrix” on page 9299.
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