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The Composite Grade 4Weight of the Kindergarten Cohort of the NaƟonal EducaƟonal Panel
Study

Abstract
This report details the derivaƟon of the joint Grade 4 weight for the pooled samples of the
NEPS StarƟng Cohort 2 (SC2). In total, the SC2 comprises three subsamples: the sample of
Kindergarten children drawn in 2010, a refreshment sample of Grade 1 students drawn in 2013,
and a sample of children being part of both. The two laƩer samples have been surveyed in the
school context from the Grades 1 to 3. In contrast, only the parents of the first sample have
been surveyed (via telephone) in this Ɵme. Since Grade 4 the children of all of the samples are
surveyed again. Pooled analysis of the related data requires a joint weight for all of the children
being part of the grade 4 sample. This reports details the corresponding weighƟng procedure.
Concretely, we constructed a composite weight by minimizing the variance of a weighted sum
of populaƟon sizes. All in all, the composite weight refers to the Grade 4 student populaƟon in
the school year 2014/15.
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1 Prequel

This report details the derivaƟon of the (joint) Grade 4 / Wave 6 weight for the pooled sam-
ples of the StarƟng Cohort 2 (SC2). It supplements the previous and current nonresponse and
weighƟng reports by Würbach (2018a, 2018b) which detail the nonresponse processes so far
observed in the SC2 samples together with the nonresponse adjusted design weights derived.

The NaƟonal EducaƟonal Panel Study (NEPS) surveys a cohort sample of Kindergarten children
and Grade 1 students (StarƟng Cohort 2) and follows them over their transiƟon to elementary
school and beyond. The data are released via corresponding ScienƟfic Use Files (SUF). The
current SUF version is available under DOI:10.5157/NEPS:SC2:7.0.0.1

The iniƟal SC2 sample was drawn in German Kindergartens in 2010. In 2013 (Wave 3), the sam-
ple of the Kindergarten children transiƟoned to elementary school. Children who transiƟoned
to schools that were previously used to construct the Kindergarten sample (by an indirect sam-
pling method, cp. Kiesl (2016) or Steinhauer, Aßmann, Zinn, Goßmann, and Rässler (2015))
were followed up in these schools. Subsequently, we denote this sample as KIGA_PANEL. Be-
sides that, the SC2 sample was augmented by the classmates of the KIGA_PANEL children and
another school sample yielding a further SC2 sample which we denote as K1_AUF, cp. Stein-
hauer, Zinn, Gaasch, and Goßmann (2016). From Grade 1 (in 2013, Wave 3) to Grade 4 (in
2015/16, Wave 6) the two samples KIGA_PANEL and K1_AUF were tested and surveyed to-
gether in their schools. All children of the iniƟal SC2 sample who are not part of KIGA_PANEL
consƟtute the third SC2 sample KIGA_IND. Over the period 2013-2015 (Waves 3-5), these chil-
dren were tracked individually but neither surveyed nor tested. Only their parents were con-
tacted and interviewed on the telephone.2 Then, in Wave 6 (Grade 4) the enƟre sample was
surveyed and tested again.

Detailed informaƟon on sample sizes, nonresponse process, and aƩriƟon paƩerns is given
in Würbach (2018a, 2018b), Steinhauer et al. (2016) and Zinn, Würbach, Steinhauer, and Ham-
mon (2018).

2 Composite WeighƟng

MulƟ-purpose analyses may require one weight for the pooled Grade 4 sample comprising the
three SC2 subsamples in Wave 6. A straighƞorward way to derive such a weight is building a
compositeweight (Chu, Brick, & Kalton, 1999) from theWave 6weights of the SC2 subsamples.3
Depending on the populaƟon parameter used for its construcƟon, several such weights may
arise. Mind that the populaƟon of the SC2 Wave 6 subsamples comprises Grade 4 students
in the school year 2015/16. Without loss of generality, we use the size of this populaƟon as

1For general informaƟon on the NEPS, see Blossfeld, Roßbach, and von Maurice (2011). More detailed informa-
Ɵon is available in the documentaƟon secƟon on the homepage.

2Also the parents of the KIGA_PANEL and K1_AUF were interviewed on the telephone.
3An alternaƟve to thismethod is to compute first weighted survey esƟmates for each sample. Then, these survey
esƟmates are combined by aweighƟng average, where theweighƟng factors of theweighted averageminimize
the variance of the combined esƟmate. This method is theoreƟcally sound but cumbersome to implement,
especially when several survey esƟmates are considered (Chu et al., 1999).
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the populaƟon parameter of interest to construct the joint Grade 4 weight.4 Here, elementary
schools are used as defined by StaƟsƟsches Bundesamt (2016).

Subsequently, we substanƟate and detail the construcƟon strategy of the joint weight for the
pooled Grade 4 /Wave 6 SC2 data sample. Let nA denote the sumof the sample sizes of K1_AUF
and KIGA_PANEL directly before the Wave 6 survey (i.e., the number of children asked for par-
ƟcipaƟng in the Wave 6 tests and survey) and nB the respecƟve sample size of KIGA_IND. De-
note furtherwA as the joint nonresponse adjusted and calibrated survey weight beforeWave 6
for K1_AUF and KIGA_PANEL andwB as the related survey weight for KIGA_IND (i.e., the panel
entry weights for Wave 6). Both sets of weights are part of the weights data provided within
the SUF SC2:7.0.0 and described in very detail in Würbach (2018a). Table 1 in SecƟon 3 gives
their summary staƟsƟcs. Having wA and wB at hand we can derive unbiased esƟmates of the
true populaƟon size N:

N̂A =
nA∑
i=1

wA
i = 705,396 and N̂B =

nB∑
i=1

wB
i = 705,396

with
nA = 6661 and nB = 2383.

Thus, for any choice of α with α ∈ (0, 1) also

N̂α = α
nA∑
i=1

wA
i + (1− α)

nB∑
i=1

wB
i

is an unbiased esƟmate of N. As a direct consequence, a joint weight w = [w1, . . . ,wnA+nB ] for
the Grade 4 students (directly before the Wave 6 survey) computes as

wi =

{
αwA

i for all students i who are part of K1_AUF or KIGA_PANEL and
(1− α)wB

i for all students i who are part of KIGA_IND

for i = 1, . . . , nA + nB. This weight can be applied to all kinds of weighted survey staƟsƟcs (not
only to linear ones) since

∑
i w

A
i =

∑
i w

B
i = 705,396. For more details see Chu et al. (1999).

To minimize the design effect of the weighted esƟmate (i.e., to avoid unnecessary variance
inflaƟon because of weighƟng), α has to be chosen to minimize the variance of the esƟmated
populaƟon parameter, here, the populaƟon size N̂α. The variance of N̂α is

Var(N̂α) = α2Var(N̂A) + (1− α)2Var(N̂B) + 2α(1− α)Cov(N̂A, N̂B).

The derivaƟve with respect to α gives

∂Var(N̂α)

∂α
= 2αVar(N̂A)− 2(1− α)Var(N̂B) + 2(1− 2α)Cov(N̂A, N̂B).

Seƫng this equaƟon to zero yields the following opƟmal value for α (i.e., the α value that gives
4Children leaving Kindergarten earlier or staying longer in Kindergarten (i.e., not entering school in the school
year 2012/13) as well as students repeaƟng and skipping a grade are not considered in the weighƟng proce-
dure. In sum, they consƟtute 4.8 percent of the pooled sample.
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the minimal variance):

α =
Var(N̂B)− Cov(N̂A, N̂B)

Var(N̂A − N̂B)
.

Beware that no value of α can be opƟmal for all kinds of analyses. Using the populaƟon size as
the populaƟon parameter to derive α, targets all weighted analyses to the whole populaƟon
of Grade 4 students. Considering subgroups of the Grade 4/ Wave 6 sample may yield disƟnct
opƟmal values for α and thus smaller variances. In this case, the NEPS data users are asked
to compute the opƟmal α for the specific subgroup considered by themselves. following the
procedure described in this report.

Because theK1_AUF sample has beendrawnnearly independently from theKIGA_IND sample5,
both samples can be considered as being approximately independent.

AŌer 6 Waves, the probability of being part of the SC2 sample is mainly driven by the chil-
drens’ response behavior. We see that aŌer such a long Ɵme the parƟcipaƟon behavior of the
KIGA_PANEL and K1_AUF children is very similar, whereas it significantly differs from the par-
ƟcipaƟon behavior of the KIGA_IND children, see Würbach (2018a). To a very high degree the
childrens’ parƟcipaƟon propensiƟes depend on whether they are tested/ surveyed at school
(in groups) or at home (individually). Therefore, the dependency between the combined sam-
ple K1_AUF & KIGA_PANEL and the sample KIGA_IND can be considered as being (negligibly)
small. Thus, also these both samples can be considered as being almost independent of each
other.

Thus, Cov(N̂A, N̂B) ≈ 0. The formula for the opƟmal α value simplifies to

α ≃ Var(N̂B)

Var(N̂A) + Var(N̂B)
.

Note that this formula can also be applied to populaƟon parameters that are disƟnct from the
populaƟon size.

When esƟmaƟng the variances Var(N̂A) and Var(N̂B)we have to consider that the SC2 children
have unequal (adjusted) design weights. NeglecƟng this feature may lead to biased variance
esƟmates. An esƟmator that shows good properƟes in large samples, such as the SC2 ones,
is (Wolter, 2007, p. 336):6

Var(N̂α) =
1

nk(nk − 1)

nk∑
i=1

(
wk − N̂k

)2
, for k ∈ {A, B} .

We yield Var(N̂A) = 74,689,810 and Var(N̂B) = 208,717,929. The opƟmal value for the cor-
responding α is 0.736. This value indicates a high preference for the weights of the K1_AUG &
KIGA_PANEL sample compared to the KIGA_IND weights whose variance is notably higher.

5Both samples are only nearly independent because the 212 schools used in the indirect sampling procedure
for the Kindergarten children in 2010 were also part of the school sampling frame for the K1_AUF sample
which comprised 16,824 elementary schools, cp. Steinhauer et al. (2016) and Hellrung, Bockelmann, Schnei-
der, Waschk, and Hillen (2013).

6Here applied to the populaƟon size as populaƟon parameter of interest.
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3 Summary of Joint Grade 4 Weight

The NEPS provides various kinds of weights for Kindergarten children and elementary school
students together with design informaƟon. These weights are described in detail in Würbach
(2018a) and canbe found in the SUFfiles SC2_WeightsKindergarten_7-0-0, orSC2_Weights
ElementarySchool_7-0-0. This report dealswith the jointweight forGrade 4 students before
the Wave 6 survey (i.e., for all students who were asked to parƟcipate in Wave 6). In the SUF
weights file SC2_WeightsAsofGrade4_7-0-0, this joint weight is denoted as w_p6_joint. Ta-
ble 1 provides some summary staƟsƟcs of w_p6_joint. AddiƟonally, summary staƟsƟcs of the
related weights wA and wB of the subsamples K1_AUF & KIGA_PANEL and KIGA_IND are given
(in the SUF weights file denoted as w_p6). The joint Grade 4 weight can be used in standard
staƟsƟcal analyses without further ado. General advices concerning the usage of weights are
given in Würbach (2018a).

Table 1: Summary staƟsƟcs for all weights provided.

Label of weight Min. Lower Median Mean Upper Max.
Quart. Quart.

w_p6 (K1_AUF & KIGA_PANEL) 17.522 52.397 79.559 105.899 125.470 3846.498
w_p6 (KIGA_IND) 11.852 119.884 196.138 296.012 339.771 4501.028
w_p6_joint 3.123 37.049 56.396 77.996 91.182 2832.785

Acknowledgements This paper uses data from the NaƟonal EducaƟonal Panel Study (NEPS):
StarƟng Cohort Kindergarten, DOI:10.5157/NEPS:SC2:7.0.0. From2008 to 2013, NEPS datawas
collected as part of the Framework Program for the PromoƟon of Empirical EducaƟonal Re-
search funded by the German Federal Ministry of EducaƟon and Research (BMBF). As of 2014,
NEPS is carried out by the Leibniz InsƟtute for EducaƟonal Trajectories (LIfBi) at the University
of Bamberg in cooperaƟon with a naƟonwide network.
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