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1 Structure of sample

Target persons of starting cohorts (SC) three and four are all children attending secondary
school in fifth or ninth grade in Germany in school year 2010/2011. Access to this popu-
lation is gained via the corresponding institutions. The set of secondary schools involves
all officially recognized and state-approved educational institutions in Germany providing
schooling for fifth and/or ninth grade students. Children attending vocational schools or
schools with a predominant foreign teaching language hindering the realization of a com-
plete survey procedure with the available test instruments are excluded. Also, children
not able to follow the normal testing procedure attending regular schools are excluded.
Additionally the National Educational Panel Study (NEPS) comprises a sample of chil-
dren attending special need schools. Here the focus is on schools with main emphasis
on learning disabilities. Access to this population is gained via special need schools with
federal-state-specific provisions explicitly for children with learning disabilities. Overall,
80% of children attending special need schools have a diagnosed learning disability – con-
stituting the largest group of children in these schools. For more details also see Aßmann
et al. (2011).

The samples for students in fifth and ninth grade are established on the basis of strati-
fied multistage sampling designs utilizing a partly overlapping school sample. As common
for surveys focusing on these age cohorts (e.g. PISA, TIMSS, TREE, etc.) the sample
is drawn using an available sampling frame. On first stage schools are sampled and on
second stage two classes (if available) of grade five and nine, respectively, are selected.
Section 2 first describes the sampling of schools and classes, followed by the derivation
of design weights. In section 3 a sample specific response propensity analysis is given.
Section 4 gives insights on the trimming procedure applied to adjusted weights. Finally
section 5 ends with recommendations on the use of weights.

2 Sampling and design weights

The large variety of federal-state-specific school systems is a challenge for sampling fifth
and ninth grade children. Many different school types related to different transitions
between elementary and secondary schooling institutions make up the set of schools pro-
viding access to the target population of fifth and ninth grade students. To reflect this
large variety, seven explicit strata have been defined to sample schools. The first stratum
comprises all Gymnasien (stratum GY ), the second stratum consists of all Hauptschulen
(stratum HS), the third stratum refers to all Realschulen (stratum RS), the fourth to
Integrierte Gesamtschulen (stratum IG), the fifth includes schools offering all tracks of
secondary education except the academic track (Schulen mit mehreren Bildungsgängen,
stratum MB). The sixth explicit stratum comprises schools offering schooling to special
needs children with learning disabilities (stratum FS). The seventh explicit stratum com-
prises all schools providing schooling only to fifth grade students, but not to ninth grade
students (stratum N5). The definition of these seven explicit strata allows serving two
important aspects of NEPS. First, a requisite of NEPS is to establish a sample of ninth
grade students as the starting point of a longitudinal survey of young adults entering
vocational education within the next years. In order to ensure sufficient sample sizes for

1



statistical analysis within this heterogeneous population stemming to a large extent from
Hauptschulen, Gesamtschulen and Schulen mit mehreren Bildungsgängen, NEPS com-
prises an oversampling of grade nine students attending these school types. The second
aspect is reaching fifth and ninth grade students via the same set of schools, and thus
reducing administrative survey costs. In addition to the explicit stratification according
to school types, an implicit stratification based on federal states, regional classification
and organizing institution has been used. Given the first stage sample of regular schools,
at the second stage two school classes within each school are sampled randomly, if at least
three classes are present, otherwise all classes are surveyed. In special need schools there
is a census for all students. Subsequently, the derivation of design weights of students of
grade nine and grade five is given.

Derivation of design weights of ninth grade students The frame for sampling
schools providing access to the ninth grade children in school year 2010/11 has been set
in school year 2008/09. Based on this frame, the sample of regular schools corresponding
to the strata GY , HS, IG, MB and RS is established via systematic proportional to
size (pps) sampling. The measure of size (mos) has been chosen proportionally to the
number of classes of seventh grade in 2008/09 as the best available proxy for the number
of classes in the ninth grade two years later (Aßmann et al., 2012). Based on extensive
simulation studies, 629 out of a total of 11570 regular schools with seventh classes have
been found sufficient to provide intended sample sizes addressing the above defined as-
pects (Aßmann et al., 2012). Special need schools corresponding to the stratum FS have
been selected pps with measure of size proportional to the squared number of children
attending grade nine. This measure of size allows handling the trade off between the
expected sample size in this stratum and the total number of special need schools to be
sampled. Their population consists of 1488 schools. Subsequently, M9

h denotes the total
number of schools in stratum h and m9

h denotes the number of sampled schools in stra-
tum h, h ∈ {GY,HS, IG,MB,RS, FS}. The measure of size for sampling a school j in
stratum h is defined as

mos9
j∈h =





C7
j∈h

min{C7
j∈h;2} , if h ∈ {GY,HS, IG,MB,RS},

(S9
j )2, if h ∈ {FS}.

Thereby C7
j∈h denotes the number of seventh classes which school j in stratum h hosts

in school year 2008/09 and S9
j denotes the number of pupils attending a ninth grade in

special need schools.1 The strata specific total measure of sizes are

MOS9
h =

M9
h∑

j∈h
mos9

j∈h, for h ∈ {GY,HS, IG,MB,RS, FS}.

1In most special need schools children in grade seven, eight and nine are educated together. That is,
in the majority of cases no number of children in grade nine can be reported, but the total number of
students in the grades seven to nine. Therefore, the number of ninth grade students is approximated by
one third of the reported number of students in the grades seven to nine.
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The values of M9
h , m9

h, mos9
h, and MOS9

h are given in Table 1 for each considered stratum.
While in special need schools all children are asked to participate, a subsample of classes
in drawn in regular schools, i.e. if in a school j in stratum h the number of classes in the
ninth grade C9

j∈h in school year 2010/11 exceeds two, a random sample of two ninth classes

C9
j∈h has been drawn, otherwise all available classes have been selected. This procedure

yields the following inclusion probabilities π9
i∈j∈h for a student i in secondary school j in

stratum h, i.e.

π9
i∈j∈h =





m9
h ·

mos9j∈h
MOS9

h
· min{C9

j∈h;2}
C9

j∈h
, if h ∈ {GY,HS, IG,MB,RS},

m9
h ·

(S9
j )2

MOS9
h
, if h ∈ {FS}.

(1)

Derivation of design weights of fifth grade students The sample of schools pro-
viding access to the cohort of fifth graders accounts for the federal state specific timing of
transition between primary and secondary schooling via explicit stratification. The sample
of fifth grade students is based on all seven strata GY , HS, IG, MB, RS, FS and N5.
Note that schools in stratum N5 are mainly primary schools educating students in classes
one to six in Berlin and Brandenburg as well as schools in Hesse and Hamburg educat-
ing students in grades five and six only (schulformunabhängige Orientierungsstufen). To
ensure ex ante least variation in design weights across the considered school strata, the
number of schools that should be sampled per stratum has been calibrated via simula-
tion studies. In total 240 regular schools and 65 special need schools have been found
sufficient to reach the sample sizes of five graders intended by NEPS. More details on the
simulation studies performed are given in Aßmann et al. (2012). To reduce administrative
survey costs, for the strata GY , HS, RS, IG, MB and FS the fifth grade school sample
of NEPS has been established as a subsample of the already realized ninth grade school
sample. In stratum FS, subsampling has been performed via simple random sampling
(srs). A srs design has been found sufficient because in the already sampled schools the
high number of nine graders suggested also a high number of fifth graders.

Schools in stratum N5 contained in the frame referring to school year 2008/09 are
selected randomly via systematic pps sampling. In the following, M5

h denotes the stratum
specific total number of schools with fifth classes considered for sampling and m5

h denotes
the stratum specific number of schools in the fifth grade sample. For the stratum N5, the
measure of size mos5

j∈N5 for sampling a school j is computed similarly to the measure of
size of a comparable regular school in the ninth grade sample. It is given as

mos5
j∈N5 =

C5
j∈N5

min{C5
j∈N5; 2} ,

where C5
j∈N5 is the number of fifth classes which school j in stratum N5 hosts in school

year 2008/09. For regular a school j in stratum h, h ∈ {GY,HS, IG,MB,RS}, the
measure of size is

mos5
j∈h =

C5
j∈h

min{C5
j∈h;2}

C7
j∈h

min{C7
j∈h;2}

,
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where C5
j∈h is the number of fifth classes and C7

j∈h the number of seventh classes in school
j in stratum h in school year 2008/09. The corresponding stratum specific total measure
of size is

MOS5
h =

M5
h∑

j∈h
mos5

j∈h, for h ∈ {GY,HS, IG,MB,RS,N5}.

For the fifth grade sample, the strata specific values of M5
h , m5

h,mos5
h, and MOS5

h are
given in Table 1. For the strata h ∈ {GY,HS, IG,MB,RS,N5}, sampling of fifth grade
students was performed similarly to the sampling of students in regular schools of the
ninth grade sample: If in a sampled school at least three fifth classes were available in
school year 2010/11, a random sample of two fifth classes has been drawn; otherwise the
available number of classes has been selected. In conclusion, the inclusion probability
π5
i∈j∈h of a fifth grader i in school j in stratum h is

π5
i∈j∈h =





m5
h ·

mos5j∈N5

MOS5
N5
· min{C5

j∈N5;2}
C5

j∈N5
, if h ∈ {N5}

π9
j∈h ·

m5
h

m9
h
, if h ∈ {FS}

π9
j∈h ·m5

h ·
mos5j∈h
MOS5

h
· min{C5

j∈h;2}
C5

j∈h
, if h ∈ {GY,HS, IG,MB,RS}

(2)

Here π9
j∈h denotes the probability that a school j in stratum h is part of the ninth grade

sample, h ∈ {GY,HS, IG,MB,RS, FS}. The corresponding design weight of a fifth grade
student i in school j in stratum h is then: 1/π5

i∈j∈h.
Note that the sample of fifth graders is enriched by a supplementary 214 cases related

to an oversampling of fifth grade students having a Turkish migration background or a
migration background related to the former Soviet Union. As no frame information is
available allowing for direct identification, a two stage random selection process has been
established. At the first stage, 500 schools from ten groups of federal states (50 schools
per group of federal states) are sampled proportional to the number of students with
foreign citizenship attending grade five. For this sample of 500 schools, the educational
ministries of the federal states were asked to quantify the number of pupils related to the
two migration backgrounds of interest. This quantification can take different forms based
on the amount of information available in the federal state specific school statistics. For
some federal states, the number of pupils with migration background is available directly,
other federal states provided a top down listing of schools attended by the highest number
of students with the two intended migration backgrounds. Based on this informational
content a five categorical ordinal scale for the measure of size has been defined for a pps
sampling of schools with a high number of Turkish migrants as well as those having a
migration background from the former Soviet Union. In these schools all students with
the Turkish migration background or a migration background related to the former Soviet
Union have been asked to participate.
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3 Weight adjustment for panel participation and non- re-
sponse

Since the participation is not mandatory for schools or students they can both refuse
to participate. This two stage decision process is reflected in the weighting strategy by
adjusting the design weights using available information. With respect to school sampling
information on school type, federal state, funding, regional classification, number of classes,
expected number of students in the cohort, and school size are available, as well as some
information arising during the process of school recruitment. The weights for the children
are adjusted using information on the gross sample that were provided by school teachers.

When analyzing school participation, the replacement rule implemented to address
school non-response in advance has to be considered, see Aßmann et al. (2011). Most
often the schools refused participation in order to avoid further workload arising from
participation in other studies. In order to counteract against the resulting sample size
reduction on the level of students as much as possible, replacement schools have been
defined in advance according to a matching rule. This matching rule defines replacement
schools as schools from the same explicit stratum and similar implicit strata as the original
school. However, the implemented replacement strategy was not able to completely hinder
non-participation of schools.

Whether the available variables influence school participation is checked via probit
regressions. To model the school participation of all contacted schools, their participation
status is regressed on explaining factors reflecting the response burden for schools, the
efforts involved in recruiting schools and all variables defining the considered explicit
stratum and implicit strata. The effort of recruiting schools is measured by the number of
schools contacted per state. A corresponding dummy variable separates the efforts by the
median. As the legal basis for school participation differs across federal states, a federal
state specific random effect is considered. Hence, the regression is given as

yj∈h =

{
1, if y∗j∈h > 0

0, if y∗j∈h ≤ 0
with y∗j∈h = α+Xjβ + Zhγ + ξh + εj∈h,

where j ∈ h indicates school j located in stratum h, and ξh ∼ N (0, σ2
ξ ) and εj∈h ∼

N (0, 1). For schools not related to the migrants oversampling, the estimated random
intercept models are shown in Table 2. The results indicate the significance of variables
defining the explicit and implicit strata.2 The results of the regression model describing
the participation propensity of schools contacted during the migrants oversampling are
given in Table 3.

For the model estimating the participation of special need schools the dummy for the
effort measurement is significant. For the schools sampled in the oversampling of students
with migrational background this dummy could not be formed. Furthermore, here the
state specific random effect is not significant. For each of the strata models for the regular

2Note, that some variables are stratum specific and can only be considered in certain models, e.g. num-
ber of classes in grade seven cannot be considered in stratum N5. Besides, collinearity within the N5
stratum does not allow for the consideration of the variable effort made in recruitment in the associated
stratum specific model.
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schools as well as for special need schools the effort made in school recruitment (if in the
model) is significant. In case of Hauptschulen (h = HS) the dummy indicating public
funding is significant. Therefore, the weights in the corresponding samples of schools need
to be adjusted by states membership and in case of Hauptschulen they are additionally
adjusted for “funding”. The weight of school j in state f and stratum h is adjusted by
the factor

γjfh =
mr
fh +mn

fh

mr
fh

,

where mr
fh denotes the number of participating schools and mn

fh the number of non-
participating schools in state f in stratum h. The adjustment on the school level is only
done for the first wave since the participation of schools is the necessary condition to get
access to the students on the second stage. Having access to the sample population the
decision to participate in the survey is on the students level. However, since most students
mostly are not of legal age, they need the permission of their parents. In the first wave the
decision of a student to participate in the survey is conditional on the schools participation.
Contrasted by future waves where a student can participate even if the school refuses to
participate.

After adjusting weights on the first stage the students weights on the second stage
need to be adjusted as well. The response propensity of students is modelled via probit
models regressing the participation status on characteristics available for the gross sample
of students. Starting cohort specific models are estimated, with a further distinction
between students attending regular and special need schools. Thereby the different sets of
information available for the different starting cohorts is taken into account. For example,
for the ninth graders last year’s school grades are provided by teachers, which are not
necessarily available for fifth graders. For starting cohort three a separate model for the
groups of oversampled migrants is estimated. In addition to the information available on
student characteristics, random intercepts are considered to reflect the cluster structure
of the gross samples of children. The complete models by starting cohorts and samples
are given in Table 4.

For starting cohort three the models are estimated for the sample of students in regular
and special need schools as well as for the sample of students with migrational background.
For all three samples the propensity to participate is significantly negatively influenced by
another language than German spoken at home as well as by missing values in character-
istics related to competencies (i.e. competencies in maths and reading, dyslexia, special
educational needs and attention deficit hyperactivity disorder). For students in regular
schools the participation propensity is positively influenced by good competencies in maths
and reading and negatively influenced by missing values in personal attributes (i.e. gender,
year of birth) and migration characteristics (i.e. language spoken at home, nationality).
Since competencies in maths and reading are subject to analysis, for further studies this
relationship should be minded to avoid potential bias.

For all considered five subgroups of the starting cohorts (fifth and ninth graders in reg-
ular schools and special need schools, as well as the migrants oversampling of fifth graders)
some of the findings can be generalized. In each subgroup the participation propensity
of the students is effected in the same way: male students and students speaking another
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language than German at home have a lower propensity to participate. Further missing
values in personal, migrational and competence characteristics are a strong predictor in-
fluencing the participation negatively. A positive effect is found for good grades in maths
and, except for the students with migrational background, younger students are more
willing to participate.

Students are educated in different school systems that vary across states. To catego-
rize the diversity of parallel existing school systems within the states we use the approach
developed by Tillmann (2012). The categorization yields a negative effect for binomial
and quadrinomial school systems whereas only the latter is significant. For students in
special need schools the maths competence has a significant positive effect on the partici-
pation propensity and for students with a migrational background the dummy indicating a
Turkish migrational background is highly significant and influences the response propen-
sity negatively. The size of the test groups yield different effects throughout the three
samples. While being insignificant in regular schools it is significantly negative for special
need schools and positive for students with a migrational background.

In starting cohort four the effects of gender, grade in maths and the missing values
in competence characteristics are of similar kind. Male students and students with at
least half of the competence characteristics missing are less willing to participate whereas
students with a good grade in maths are more willing. For students in regular schools the
younger students are significantly more willing to participate, also good grades in German
have a positive effect on the participation propensity. Surprisingly, non-German students
have a higher propensity to participate in the grade nine sample than German students.
Negative effects are found for students with special educational needs and for those with
missing values in personal characteristics.

4 Weight trimming

Aiming at an increased statistical efficiency of weighted analysis the adjusted design
weights have been trimmed. The general goal of weight trimming is to reduce the sampling
variance and at the same time to compensate for potential increase in bias. Trimming has
been performed using the so called “Weight Distribution” approach (Potter, 1990). Here,
design weights are assumed to follow an inverse beta distribution with a cumulative distri-
bution function Fw. Parameters of the sampling weight distribution are estimated using
the sampling weights and a trimming level τ is computed whose occurrence probability
is one percent, i.e., 1 − Fw(τ) = 0.01. Sampling weights in excess of τ are trimmed to
this level and the excess is distributed among the untrimmed weights. The parameters
for the sampling weight distribution are then again estimated using the trimmed adjusted
weights and a revised trimming level τ̃ is computed. The trimmed adjusted weights are
compared to the revised level τ̃ . If any weights are in excess of τ̃ , they are trimmed to
this level and the excess is distributed among the untrimmed weights. This procedure
is iteratively repeated until no weights are in excess of a newly revised trimming level.
To ease statistical analysis the trimmed design weights are standardized with mean one.
Subsequently, their distribution is summarized (abbr.: REG - regular schools, FS - special
need schools, MIG - migrants oversampling):
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Starting Number of Min. Lower Quart. Median Mean Upper Quart. Max.
cohort students

SC 4 16425 0.05 0.76 1.01 1.00 1.20 2.40
REG 15239 0.16 0.80 1.03 1.04 1.21 2.40
FS 1186 0.05 0.15 0.23 0.43 0.42 2.40

SC 3 6112 0.00 0.46 0.69 1.00 1.15 4.49
REG 5283 0.14 0.51 0.72 1.00 1.14 4.49
FS 587 0.02 0.04 0.09 0.72 0.31 4.49
MIG 242 0.00 0.03 0.58 1.61 3.86 4.49

5 Use of weights

Given the quite complex structure of the samples of the secondary school students, no
final recommendation are at hand concerning the use of design and adjusted weights. In
general, the use of design weights is recommended when analysis is concerned with sample
data stemming from different strata – presumably the case in most analysis. Although,
there are no general results available how the use of design or calibrated weights render
any possible analysis (see Rohwer (2011) for a general discussion) the use of weights may
possibly help to highlight important features of the analysis under consideration not at
least serving as a robustness check for the performed analysis. Adjusted design weights
provided are labeled as weight_design and standardized design weights are labeled as
weight_design_std. The subsequent table lists all types of weights provided:

Type of weight Label
adjusted design weight weight_design

trimmed design weight, standardized with mean one weight_design_std
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Table 1: Population sizes, sample sizes and measures of size by strata.

SC4 SC3

Stratum m9
h M9

h MOS9
h m5

h M5
h MOS5

h

N5 0 0 0 26 1383 1914.50

GY 154 2970 5589.5




214





480∗





559.06
HS 233 3990 4641.5
IG 70 822 1727.5
MB 64 1288 1524.0
RS 108 2500 3936.5

FS 110 1488 489128.264 65 110 ——
∗ For h ∈ {GY,HS, IG,MB,RS} the population of 480 schools with fifth classes is a sub-sample of the realized
grade nine school sample.
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Table 3: Results of random intercept model for the participation of schools contacted
during the migrants oversampling. Standard deviations are given in parentheses.

Variable Estimated coefficient
constant -1.538

(0.798)
number of students 0.001

in school (0.001)
school type -0.039

GY (0.695)
school type 0.407

HS (0.657)
school type -0.368

IG (0.711)
school type 0.951

MB (0.737)
school type -0.327

RS (0.669)
stratum -0.400

Russian (0.383)
stratum 0.193

Turkish (0.322)
urbanization -4.502

rural (146.097)
urbanization -0.008

urban (0.437)
random intercept 0.223

federal states (0.472)
number of schools 198
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Table 4: Results of response propensity models for starting cohorts three and four (REG - regular
schools, FS - special need schools, MIG - oversampling of migrants). Standard deviations are given
in parentheses.

SC3 - REG SC3 - FS SC3 - MIG SC4 - REG SC4 - FS
constant 0.859∗ 1.521∗∗ 0.308 0.546 1.166∗∗

(0.410) (0.483) (0.257) (0.437) (0.365)
testgroup size −0.021 −0.052∗ 0.013∗∗ −0.005 −0.025

(0.014) (0.023) (0.004) (0.007) (0.017)
gender −0.005 −0.356∗ −0.162 −0.145∗∗∗ −0.304∗∗

male (0.048) (0.159) (0.104) (0.029) (0.106)
language spoken at home −0.288∗∗ −0.988∗∗∗ −0.451∗∗∗ −0.104 −0.211

no German (0.101) (0.289) (0.134) (0.057) (0.198)
nationality −0.116 0.451 0.148 0.123∗ 0.060

not German (0.118) (0.306) (0.128) (0.061) (0.199)
dyslexia 0.040 0.444 0.607 0.027 0.302

yes (0.120) (0.402) (0.535) (0.082) (0.260)
grade in maths 0.310∗∗∗ 0.535∗∗ 0.223 0.144∗∗∗ 0.472∗∗∗

1 to 3 (0.066) (0.197) (0.128) (0.031) (0.135)
reading competence 0.243∗∗∗ −0.006 0.052

1 to 3 (0.070) (0.191) (0.130)
grade in German 0.144∗∗∗ −0.064

1 to 3 (0.034) (0.140)
year of birth 0.093 0.219 −0.101

after 1999 (0.050) (0.184) (0.117)
year of birth −0.130 0.227 0.278

before 1999 (0.111) (0.208) (0.192)
year of birth 0.112∗∗∗ 0.267

after 1995 (0.032) (0.141)
year of birth −0.086 0.018

before 1995 (0.044) (0.123)
special educational needs 0.102 −0.195 −0.586∗∗∗

yes (0.188) (0.270) (0.133)
migrational background −0.909∗∗∗

Turkish (0.179)
school type −0.014

GS (0.398)
school type 0.264 0.470

GY (0.281) (0.474)
school type −0.095 0.309

HS (0.305) (0.477)
school type −0.142 0.232

IG (0.360) (0.495)
school type 0.212 0.495

MB (0.402) (0.505)
school type 0.167 0.216

RS (0.284) (0.476)
school system −0.396 −0.036

binomial extended (0.256) (0.263)
school system −0.677 −0.097

binomial pure (0.389) (0.326)
school system −0.424∗ −0.070

quadinomial extended (0.187) (0.257)
missings in personal characteristics −4.110∗∗∗ −2.651∗∗∗

yes (0.549) (0.193)
missings in migration characteristics −1.255∗∗∗ −0.332 0.787∗∗ −0.075 −0.356

yes (0.228) (0.703) (0.304) (0.092) (0.425)
missings in competence characteristics −1.522∗∗∗ −4.371∗∗∗ −2.849∗∗∗ −0.773∗∗∗ −2.880∗∗∗

at least half ot them (0.251) (1.258) (0.361) (0.174) (0.429)
attention deficit hyperactivity disorder −0.117 0.354

yes (0.246) (0.226)
random intercept 0.969 1.236 0.275 1.540

school level (0.984) (1.112) (0.524) (1.241)
random intercept 0.156

school type and state (0.395)
random intercept 0.073

testgroup size (0.395)
participants + non-participants 9081 962 836 23327 2146

Notes: ∗∗∗, ∗∗ and ∗ denote significance at the 0.1%, 1% and 5% level respectively.
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