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ABSTRACT

It isawdl-known fact in survey research that conventional software packages such as SAS and SPSS
can only provide variance estimates for smple random samples, and that the naive use of such software
for variance estimation of complex survey data may lead to underestimating the variances (Weng et d.
1995). Two of the most widely used variance estimation methods for complex surveys are the
jackknife (JK) method and the Taylor series method (Wolter, 1985). The purpose of this paper isto
compare the variances computed by jackknife 1 (JK1) and Taylor series methods using recently
released data from alarge-scale survey based on anationa probability sample.
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1 INTRODUCTION

The JK1 and Taylor series methods represent two different approaches to variance etimation. The
JK1 isaresampling method, and the Taylor seriesis alinearization method. The advantage of the
linearization method isthat it is applicable to generd sampling designs. However, |t requires the
derivation of a separate standard error formula, s(q ), for each nonllnear datidtic, q In contragt, the

JK1 method employs a single standard error formulafor al satistics q , and is the method of choice
when explicit sratification has not been used.” The question addressed in this paper asks abouit the
choice between K1 and Taylor series methods for variance estimation in an EPSEM sample of
households with dlugtering &t the household leve.

2. SAMPLE

One of the gods of the NISMART-2 Household Survey was to test for change in the incidence of
missing children over time, and this was done by comparing the estimated rates of the different types of
missing children based on the origind NISMART- 1 definitions and data collected in 1988 with those
based on the original NISMART-1 definitions and the new NISMART-2 data collected in 1999 (see
Hammer et d., forthcoming). The data used to compute the variances reported in this paper were
produced by the Adult Caretaker Household Survey component of the Second National Incidence

! Note that the NISMART -2 Household Survey used systematic selection and the data have been implicitly stratified
because they were sorted by state.
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Studies of Missing, Abducted, Runaway, and Thrownaway Children (NISMIART-2), funded by the
U.S. Department of Justice, Office of Juvenile Justice and Delinquency Prevention grant number 95
MC-CX-K004. The NISMART-2 Household Survey was conducted during 1999, using arandom
digit did (RDD) computer-assisted telephone interviewing methodol ogy to collect information on
missing child episodes from anationd probability sample of households.

A totd of 16,111 household interviews were completed with an adult caretaker, resulting in an 80%
cooperation rate among digible households with children,? and a 61% response rate.®> The total number
of children identified by the survey was 31,787, and these data were weighted to reflect the census-
based U.S. population of children age 18 years and younger.

The methodology used to select the NISMART-2 RDD sample for the Household Survey was aligt-
assged procedure. Typicdly, alist-asssted RDD design is a one-stage random selection process
resulting in equa probakilities of selection (EPSEM) and no clustering, with each household treated asa
Primary Sampling Unit (PSU). The EPSEM design of NISMART-2 was maintained at the household
level except for households with more than one telephone line, and the dustering of children within
households. The effect of this dustering isillustrated by the size of the design effects’ reported in Table
1, dl but one of which indicate aloss of precison compared to smple random sampling. Nevertheless,
asindicated in Table 1, one of the design effects of interest isless than 1.0, implying that the complex
design was dightly more efficient than a smple random sample with respect to this particular estimate.
This may be due to the implicit Sratification and systematic selection.

Although the design effects judtify the use of complex variance estimation methods, thisisardatively
“dmple’ complex desgn compared to complex multistage dtratified and clustered designs. Therefore,
one would not expect to find significant differences between the variances estimated by JK1 compared
to those estimated by Taylor series methods, based on the NISMART-2 Household Survey data.

The vdidity of this assumption was particularly important for the Household Survey because one of the
godsof NISMART-2 wasto test for change in the incidence of missing children over time, and thiswas
going to be done by comparing the estimated rates of the different types of missing children based on
the NISMART-1 definitions and data collected in 1988 with those based on the origind NISMART-1
definitions and the new NISMART-2 data collected in 1999 (see Hammer et d., forthcoming). Here,
differencesin the variance estimates produced by different methods could affect the results, particularly
in tests where the achieved probability level was very close to the conventiond level of sgnificance
selected for the test.

2 American Association for Public Opinion Research (AAPOR 2000), standard definition COOPA4.

¥ American Association for Public Opinion Research (AAPOR 2000), standard definition RR3.

* The design effect isthe ratio of the variance under the actual survey design to the variance under
simple random sampling with replacement.
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Table 1.

Based on the 1999 NI SM ART-2 Data

Design Effectsfor Estimated Rates of NISMART-1 Types of Missing Children

Rateper | Unweighted | Weighted IK1 Taylor
Type of NISMART-1 1,000 Number Number Desian Series
Episode Children of of Effe?;t Design
Age 0-17 Children | Children* Effect
Broad Scope Femily 4.18 146 300,800 | 223 | 208
uction
Policy Focal Family 3.15 113 227000 | 189 | 1.96
Abduction
Nonfamily Abduction 0.62 17 44,600 2.46 2.74
Broad Scope Runaway 5.28 154 380,400 1.08 151
Policy Focal Runaway 1.26 36 90,800 1.76 1.63
Broad Scope Lo, Injured, or | 5 4 101 244600 | 114 | 142
Otherwise Missing
Polcy Foce Lost Inwred. or | 051 19 36,400 | 088 | 096
erwise Missing

* Estimates are rounded to the nearest hundred.

3. METHODS

Congider asmple ratio estimator
R=Y/X,

where Y and X denote estimators of two unknown population parameters Y and X . The Taylor
series estimator of the variance of R is

Var(FAQ)z Fizg\/af(\?)+vaf(>z)+2 COVA(?’ X)H
ey X’ G

The estimated variance and covariance terms in the above formula should be specified with respect to

both the sampling design and the form of the estimators Y and X . (For details, see Chapter 6in
Wolter, 1985).

Let d be an estimator of a parameter of interest, q. And let (i(a) be the estimator of the same
functiona form as d , but computed from the reduced sample obtained by omitting a -the group. The
Hawaii 2003
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jackknife estimator qi isthe mean of d(a),

aq(a)
k

q=

The jackknife estimator of the varianceis

Q
5 k(k - 1)?:@ Ay

>

k
& .
. aRy
where R = azlk . (For details, see Chapter 4 in Wolter, 1985).

The resampling variance estimates were computed in WesVar (Version 4.0) by specifying the
“Jackknife 1" (K1) option, which is one of five replication options, availablein WesVar. Replication
variance estimation involves caculating estimates for subsamples of the full sample and then computing
the variance among the subsample estimates (replicates). The JK1 option should be gpplied when
explicit sratification has not been used to select the sample, even though systematic sampling, which
employsimplicit Stretification, has been used. Replicate weights can be imported into WesVar or can
be crested within the program by specifying the variance strata (VarStrat), the PSU identifier (VarUnit),
and the replication method to be used.

Note that the replicate weights and the full sample weight must be specified for each analyss. Also,
post-ratification, raking, and nonresponse adjustments can be applied to the replicate and full sample
weights. However, the Adult Caretaker Household Survey full sample weight was adjusted for
nonresponse and iterative pogtdtratification (raking) was implemented before the full sample weight was
incorporated into WesVar.

The Taylor series variance estimates were computed in SUDAAN (Version 6.4) by specifying the“with
replacement” (WR) design option used for most clustered samples. Note that in the absence of design
information (PSU and stratum identifiers), the WR option is often used to approximate variances for
complicated designs (multi-stage, clustered, or dratified).

The SUDAAN sample design option determines the set of SUDAAN statements that are necessary for

computing the variance of the specified desgn. The sample design statements that are required with the
WR design option are the WEIGHT and NEST statements. The WEIGHT statement specifiesthe
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variable whose vaues are the andyss weights or sample weights. The NEST statement specifiesthe
variables whose vaues identify the PSUs and strata. The NISMART-2 sample design did not employ
explicit sratification but implicit strata were formed (the 50 states and D.C.) during the systematic
sample sdlection procedure. The WR option implies that the first stage sample units were sampled with
replacement or with smdl sampling fractionsin every first stage stratum. Thefirg stage sampling unitsin
the NISMART-2 design were households, sampled with equa probabilities of selection and without
replacement. However, the “with replacement” design option was used since the first stlage sampling
fraction was smadll.

Dueto theincrease in the total number of children in the U.S. population under 18 years of age, from
just over 63 million in 1988 to dmost 72 million in 1999 (Bureau of the Census, 1988, 1999), the
incidence estimates were standardized and reported as rates of the various types of missing children per
1,000 children age 0-17 in the population prior to conducting the tests for any change in the incidence
rates.

4, RESULTS

The Taylor series and JK1 design effect estimates reported in Table 1 suggest that there will be some
variation in the estimated variances, and these differences are reported in Table 2, which compares the
Taylor series and K1 standard errors and confidence interva limits. Asindicated in Table 2, the
difference in the standard error estimates for the incidence rates has a negligible effect on the lower and
upper limits of the 95% confidence intervals around the estimates, and are expected to have no impact
on the tests for change over time.

This expectation is supported by the t statistics and two-tailed p levels reported in Table 3, which
provides the results of the tests for historical change in the incidence rates of missng children usng the
origind NISMART-1 definitions. Asindicated in Table 3, the test results yield the same conclusions for
the significance of changesin the incidence rates of missing children between 1988 and 1999 regardless
of whether the variances are computed with JK1 or Taylor series methods.
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Table 2.

Estimates of NISMART-1 Types of Missing Children Based on the 1999

NISMART-2 Data With Standard Errorsand 95% Confidence Intervals

Rate per IK1 Taylor
Type of NISMART-1 1,000 Standard Series JK1 Taylor Series
Episode Children Error Standard 95% C.I. 95% C.I.
Age 0-17 © Error
ig;ad Scope Family 418 0.56 0.54 3.09-5.27 3.13-523
uction
Zob'(ify Focal Family 3.15 0.44 0.45 2.28-4.02 2.27-4.04
uction
Nonfamily Abduction 0.62 0.23 0.24 0.18-1.06 0.16-1.08
Broad Scope Runaway 5.28 0.43 0.51 4.43-6.14 4.28-6.29
Policy Focal Runaway 1.26 0.27 0.26 0.73-1.79 0.75-1.77
Broad Scope Logt, Injured, | 5 4 0.36 0.40 2.69-4.10 2.61-4.18
or Otherwise Missing
Policy Focal Lost, Injured, 0.51 0.12 0.13 0.27-0.74 0.26-0.76
or Otherwise Missing
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Table 3.

Test for Changein the Incidence Rates of NISMART-1 Types of Missing

Children 1988-1999 Based on JK1 and Taylor Series Variance Estimates

Rate per Rate per
1,000 1,000 Taylor JK1t Taylor
Ey!c;é);NISMART-l Children | Children | Seriest test Seriesp | JK1p Value
P Age0-17 | Age0-17 | test Value | Value Value
1988 1999
igfjad Scope Family 5.62 418 181 | -1.79 | 0034360 | 0.032360
uction
i‘t’)'(‘fy Focal Family 259 3.15 0.87 088 | 0522176 | 0522176
uction
Nonfamily Abduction 0.88 0.62 -0.45 -045 | 0.617077 0.610054
Broad Scope Runaway 7.09 5.28 2160 | -1.64 | 0064319 | 0.057439
Policy Focal Runaway 2.06 1.26 2134 | -1.33 | 014429 | 0.147065
Broad Scope Logt, Injured, 6.95 3.40 -317 | -321 | 0000809 | 0.000699
or Otherwise Missing
Policy Focal Lost, Injured, 221 051 183 | -1.83 | 0062891 | 0.062891

or Otherwise Missing

S. CONCLUSION

This paper compared the variances computed by jackknife 1 (JK1) and Taylor series methods using
recently released data from a large- scale survey based on anationd probability sample with areatively
“dmple’ complex sampling design of sufficient complexity to warrant the use of complex variance
edimation methods. The results indicate that there were some small variationsin the standard errors of
the estimates computed with the two methods, however, these differences had negligible impact on the
95% confidence intervals and no effect on the conclusions drawn from datistical tests conducted to
determine if there has been a change in the incidence rates of missng children in the U.S. over time.
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