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Steinhauer & Zinn

NEPS Technical Report for Weighting: Weighting the Sample of Starting Cohort 4 of the Na-
tional Educational Panel Study (Wave 1 to 7)

Abstract

The sample of Grade 9 students in the National Educational Panel Study (NEPS) focuses on
the pathways through higher secondary and vocational education tracks. When entering the
vocational track, students will leave their institutional context in which they were originally
sampled and surveyed. Thus, from then onwards they are individually surveyed. Students
passing into the academic track are very likely to remain in their institutional context, which
means that they are surveyed in groups. This report provides details on the sampling design,
the derivation of design weights and the wave-specific nonresponse adjustments to provide
cross-sectional as well as longitudinal weights. For the students participating in the panel study
we find sampling school type information, migration background, native language and previous
waves participation to influence their participation propensities.

Keywords
stratified two-stage cluster sampling, unit nonresponse, weighting adjustments, NEPS SC4
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Steinhauer & Zinn

1. Introduction

Starting Cohort 4 (SC4) of the National Educational Panel Study (NEPS) focuses on students
in Grade 9 and their pathway through higher secondary education and vocational education
training.! For this purpose, a stratified sample of Grade 9 students in different types of regular
schools and special-need schools was set up.?

A two-stage sampling approach has been used to gain access to the target population. The
sample of students participating in the panel study (i.e., the panel members) are followed up
over time. In Germany, students usually decide after Grade 10 to enter either the academic
track or the vocational track, see Figure 1. Students entering the academic track mostly remain
within their institutional context, while students entering the vocational track leave for a voca-
tional school or training. The majority of students enters the vocational track after Grade 10.
However, also other pathways are possible, that is, students enter the vocational track earlier
or later in their educational career. Figure 1 illustrates this transition pattern.

};A Vocational

Vocational . Vocational
. Education .
Education Education
. Second .
First year Third year
year

Figure 1: Ideal pathways through upper secondary and vocational education.

The sampling units of stratified multistage designs are very likely subject to unequal selection
probabilities. Disregarding this aspect in statistical analysis may lead to biased population es-
timates and misleading research conclusions. A common way to compensate for unequal se-
lection probabilities is the usage of weights; see for example Sarndal, Swensson, and Wretman
(2003) or Pfeffermann and Rao (2009). The participation in the SC4 survey is voluntary, which
means that at each of the two stages of sampling schools as well as students might refuse or
not respond. To this end, usually nonresponse adjustments of design weights are used. When
computing weights for the panel members of SC4, the different processes leading to the par-
ticipation decision in a particular wave have to be considered. These decision processes include

1. the schools initial decision to participate in the survey,
2. the students initial decision to participate in the panel,

3. and lastly the students successive decisions to participate in each panel wave.

1This report refers to Scientific Use File (SUF; DOI:10.5157/NEPS:5C4:7.0.0). For more specific information on
research topics in the NEPS, see Blossfeld, RoRbach, and von Maurice (2011).

2Regular schools are all “allgemeinbildende Schulen”, that is, schools of general education according to the
definition of the Kultusministerkonferenz (2012).
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Cell weighting is used to adjust the design weights for school nonparticipation. Response
propensity re-weighting has been applied to compensate for students refusing to take part
in the panel and for wave nonresponse among students.

The sample design together with the schools and students decision to participate in the panel
study (as stated above) leading to nonresponse adjusted design weights before Wave 1 are
documented in detail by Steinhauer, ABmann, Zinn, GoBmann, and Rassler (2015). Wave non-
response, the decisions of students to participate in particular waves, and the derivation of the
corresponding wave-specific cross-sectional and longitudinal weights are the focus of this pa-
per. When a student decides not to participate we distinguish two cases. Generally, students
who do not respond in one particular wave are considered as temporary dropouts. Students
are treated as final dropouts if they explicitly refuse further participation in the panel, or if
tracking efforts fail, or if no information? is available on the student for a time period longer
than two years.

In the progress of the panel, it is possible that students cannot further be surveyed within their
institutional context. Reasons might be students switching to another school or the refusal of
schools to further cooperate. In such cases students are surveyed in their individual contexts.
That is, the questionnaires are sent to their home address or they are invited to a CATI. In the
following, surveying students in their individual context is referred to as the field of individual
retracking.

The remainder of this report is structured as follows: Section 2 provides an overview on the
population definition, the sampling design, and the derivation of the sampling weights. Sec-
tion 3 shortly presents weighting adjustments to account for the initial nonresponse at the
school and at the student level. Wave-specific weighting adjustments are the topic of Sec-
tion 4. The calibration of weights is described in Section 5. The trimming procedure applied
is documented in Section 6 together with the scaling of weights. Finally, Section 8 concludes
with some recommendations concerning the usage of the weights provided.

2. Population and Sample

The target population of SC4 covers all students in Grade 9 educated in regular and special-need
(focusing on learning disabilities) schools in Germany in the school year 2010/2011. Students
in vocational schools or students in schools with a predominant teaching language other than
German hindering the realization of a complete survey procedure with the available test instru-
ments are excluded, see ABmann et al. (2011). To get access to the students, a stratified two-
stage cluster sampling procedure was applied. Stratification according to school types yielded
six different strata, concretized in Table 1.

For sampling the school types IG and FW have been joined into one stratum. Furthermore,
in order to reach a meaningful number of observations students in HS, FS, FW and IG have
been oversampled. To enhance precision, the population of schools was additionally implicitly
stratified according to the following three criteria: Federal State, regional classification, and
funding. Thereafter, sampling was conducted at two stages. At the first stage, a sample of
all officially recognized and state approved schools providing schooling to students in Grade 9
has been drawn systematically with probability proportional to size. Thereafter, at the second
stage, two classes within the sampled schools were selected randomly (if at least three classes

3This information comprises contact update information and survey data of the target or a context person, i.e.,
one parent or the teacher.
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Table 1: Strata and abbreviations for school types

Stratum Abbreviation School type

1 GY schools leading to upper secondary education and university
entrance qualification (Gymnasium)

2 HS schools for basic secondary education (Hauptschule)

3 RS intermediate secondary schools (Realschule)

4 IG comprehensive schools (Integrierte Gesamtschule)

4 FW Rudolf Steiner schools (Freie Waldorfschule)

5 MB schools with several courses of education (Schule mit
mehreren Bildungsgéngen)

6 FS schools offering schooling to students with special educa-

tional needs in the area of learning (Férderschule)

were present), otherwise all classes were taken. In the classes, all students were asked whether
they are willing to participate in the survey. See Steinhauer et al. (2015) for more details on
the sampling design.

The sampling design determines the inclusion probability of each sampled unit, that is, of each
sampled school, class, and student. In the considered case, the inclusion probabilities differ
at the different stages of the sample. Hence, the SC4 sample is not a self-weighted sample.
In other words, design information and weights, respectively, have to be accounted for in sta-
tistical inference. The design weights of the sampled units (i.e., of the schools, classes, and
students) are defined as the inverse of their inclusion probabilities. By design, these probabil-
ities depend on the number of schools, classes, and students available in the corresponding
strata. The concrete derivation of the design weights is given in very detail in Steinhauer et al.
(2015).

3. Initial Nonresponse Adjustments

To account for nonresponse in the initial sample, the design weights of the sampling units
are adjusted. To this end, the two stages of sampling have to be considered. Nonresponse
among schools was compensated for by cell weighting adjustments. For this purpose, cells
were formed using the sampling strata, Federal States, and funding. A response propensity
re-weighting approach was used to adjust for students not participating in the panel. This ap-
proach means to model response behavior in dependence of individual, contextual, and insti-
tutional factors. Concretely, for the initial nonresponse adjustments on the students level, last
maths grade, gender, age group, and the size of the test group had been considered. See Stein-
hauer et al. (2015) for more details on this.
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4. Wave and Group Specific Nonresponse Adjustments

4.1 Panel members, temporary and final dropouts, tracks of survey context

Over the course of the panel, a non-negligible number of panel members failed to participate
in one or more waves. That is, wave-specific nonresponse occurred. Table 2 summarizes the
participation status of the panel members in each wave together with the corresponding study
numbers.? In sum, the sample of SC4 comprises 16,425 panel members. In Waves 1, 2, 3, 5,
and 7 all panel members have been asked for participation (unless they have refused before
the survey or dropped-out because of other reasons). Waves 4 and 6 were only targeted to
panel members on the vocational track, to update personal data and contact information. To
enter the respective studies, the students had to participate in the previous wave (i.e., either
in Wave 3 or in Wave 5). In other words, to enter study B38 and B40, respectively, students
on the vocational track had to participate in B37 and B39, respectively. Note that most stu-
dents participating in study B39 do an apprenticeship, i.e., are assigned to the vocational track.
However, few of the B39 respondents belong to the academic track, that is, they are students
visiting an upper secondary school which is not part of the sample of NEPS schools. Hence,
opposed to the students educated in NEPS schools, these students are not surveyed in an in-
stitutional context, but individually. Cases listed in the column Panel Cohort / Not used have
not been surveyed in the corresponding wave. This is either because tracking efforts were not
successful or the the target person was not supposed to be surveyed. In the first case students
leaving their institutional context did not provide sufficient contact information to allow for
establishing contact with them. Thus these cases are tracked and possibly surveyed again in
later waves of the panel. In the second case students were not supposed to be surveyed, for
example in Wave 3, because they belong the academic track (ACA) or did not complete the CATI
in the previous wave (VOC).

“Field reports (in German language) for each study are available on the homepage.
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Steinhauer & Zinn

In Wave 1 (Fall 2010) and Wave 2 (Spring 2011) (i.e., in the school year 2010/2011) students
were surveyed and tested in Grade 9 within their schools (institutional context). In Wave 3
(2011/2012) (i.e., in the school year 2011/2012) a small part of 2,549 students left the school,
in which they were originally sampled, and entered the vocational track.> However, the ma-
jority (13,815 students) remained in their schools. Between Wave 2 and Wave 3 there were 61
students who refused further participation in the panel or could not be tracked due to miss-
ing addresses. Up to Wave 3 the entire panel cohort (excluding final dropouts) was surveyed.
Because students in vocational education leave their original institutional context they are ex-
pected to drop out easier. Thus, these students are additionally surveyed in two intermediate
waves (i.e., Wave 4 and 6), where they get follow up surveys for the previous CATI. Concretely, in
Wave 4 (Spring 2012) only students on the vocational track were asked to participate for whom
sufficient contact information was available and who provided a valid CATI in Wave 3. At the
same time, students on the academic track were not surveyed in Wave 4. Between Wave 3 and
Wave 5, 7,370 students left the academic track and entered the vocational track. In 2012/2013
(i.e., in Wave 5), the entire cohort was then surveyed again. Here, students on the academic
track were expected to be in Grade 11. In Wave 5, the majority of the panel cohort (in sum,
9,804 students) were on the vocational tack. The remaining 6,305 students were still on the
academic track.® The vocational track in Wave 5 contains 9,804 panel members, namely those
switching tracks between Wave 3 and Wave 5 (in sum, 7,370 students) and those who already
were on the vocational track in Wave 3 and did not drop out so far or switched back to aca-
demic education (in sum, 2,434 students’). In Wave 5, 6,305 students were on the academic
track. These students are the 6,288 panel members® from the previous Wave 3, who remained
on the academic track, and the 17 students switching back from the vocational track. Alike in
Wave 4, in Wave 6 only those students on the vocational track were asked to participate who
provided a valid CATI in the previous wave together with sufficient contact details. In Wave 7
the entire cohort is surveyed again. Here, the academic track comprises 5,333 students and
the vocational track consists of 10,174 students. The number of students who could not be
surveyed increases slightly from Wave 5 to Wave 7. As in the previous waves students in the
vocational track are more likely to refuse further participation in the panel.

4.2 Wave 1 and Wave 2 and between Wave 2 and Wave 3

In Wave 1 and Wave 2, all students are surveyed in their schools. Concretely, Wave 1 took
place in fall 2010 and Wave 2 in spring 2011 in the school year of 2010/2011, when all target
students were in Grade 9. Their individual participation propensities in the distinct panel waves
have been estimated by means of random intercept probit models. The binary values of the
dependent variable mark the participation status (i.e., yes or no), and the random effect aims

SThroughout this report, the vocational track comprises persons in vocational education and in the transition
system.

5The percentage of students switching to the vocational track is higher than the numbers given in official statistics
because of oversamplings in the strata related to students in lower secondary education. For details see Stein-
hauer et al. (2015).

’This number results from the 2,549 participants and temporary dropouts of Wave 3 minus the 89 final dropouts
in Wave 3, minus the 7 final dropouts in Wave 4, minus 2 dropouts between Wave 4 and Wave 5, and minus
17 students switching back to academic education.

8In sum, 7,527 of the 13,815 panel members of Wave 3 (i.e., participants and temporary dropouts) left the
academic track, either because of entering the vocational track (in sum, 7,370 students) or because of finally
dropping out (22 students in Wave 3 and 135 students in Wave 5). Thus, 6,288 remained in the academic track.
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at capturing the effect of the school in which a student had been sampled. Table 3 shows
the explanatory variables that have been considered. The columns one and two of Table 4 (in
Appendix A) show the results of the variables found to have a significant effect. In summary,
students who are educated in schools belonging to the sampling strata FS and HS show in both
waves a significantly lower participation propensity then their counterparts educated in schools
of the remaining strata. The participation propensity in Wave 2 is negatively influenced by
being part of the (explicit) stratum MB and of the implicit stratum of schools in urban areas.
Likewise, in both waves missing information on the migrational background and on the native
language has a negative effect on the participation propensities. Furthermore, in both waves
the younger half of the panel members have a higher propensity to participate. The variance
estimate for the random intercepts considerably increases from Wave 1 to Wave 2, indicating a
strong school effect. By means of the models estimated for each panel member a participation
probability can be derived. The inverse of this serves a correction factor multiplied to the initial
(nonresponse adjusted) design weight. In the end, every participant is assigned such a weight.
For previous versions of these weighting adjustments see Steinhauer, Zinn, and ABmann (2016).
Starting from Wave 3, students might either stay in the academic context, or they might be-
gin a vocational training or they might pass to the transition system. Both latter transitions
mean changing onto the vocational track. At a later point in time, students on the vocational
track might switch back to the academic track. From there, they might again pass to the vo-
cational track at a later time, and so on. That is, when studying the participation propensities
of the sampled students and the panel members, the two distinct survey tracks have to be re-
garded. To account for this fact, from Wave 3 on wave participation is modeled in a stepwise
manner. First, the probability to enter the vocational track is determined. Then, the partici-
pation propensities of students on the academic and on the vocational track, respectively, are
estimated. The inverse of the estimated transition probabilities (first step) and the estimated
participation propensities (second step) constitute the two adjustment factors used to compen-
sate for nonresponse and attrition. To yield wave or subgroup®specific weights both factors are
multiplied to the (nonresponse adjusted) design weight of each panel member. Table 5 shows
the weights derived that way. The subsequent paragraphs deal with the estimation of the re-
spective transition probabilities and participation propensities.

4.3 Staying on the same track and switching between tracks

Before estimating a student's propensity of participating in a specific wave, his/her allocation
has to be clarified. That is, in a first step the probability of switching onto the vocational track is
modeled. To this end, for each (explicit) sampling stratum a probit model has been estimated.
Here, the dependent variable determines whether a student enters the vocational track (yes
or no). The set of explanatory variables used is given in Table 3. Table 6 (in Appendix A) shows
the results that have been found to be significant in Wave 3. The (significant) results corre-
sponding to Wave 5 are given in Table 7 (in Appendix A). In the strata IG and RS, students from
the younger half of the panel members have a significantly lower propensity to enter the voca-
tional education than the older ones in Wave 3 and Wave 5. The same applies also to students
in the strata FS and MB in Wave 3 and to students in the strata HS and GY in Wave 5. In Wave 3,
students who are educated in a HS or FS school in a predominantly rural area show a higher
propensity to enter the vocational track than students in schools in a predominantly semiurban

9An example of such a subgroup is students who have attended all surveys up to a specific wave.
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area. The opposite is the case for students sampled in the strata GY and MB. In comparison to
students in schools in a predominantly semiurban area, students in schools in a predominantly
urban area show a lower tendency to enter the vocational track.'® No comparable relationship
could be found for Wave 5. In Wave 3, students attending a school receiving a public funding
school have a higher propensity to enter the vocational track in stratum HS. Equally, having a
migrational background as well as missing information on it, have a significantly positive ef-
fect on the individual propensities to enter the vocational track for students in stratum MB.
In Wave 5, female students and students with a migrational background have a significantly
lower propensity to enter the vocational track in stratum RS as compared to male students
and students without migrational background or with missing information. The propensity to
switch to the vocational track at Wave 5 is lower for students in stratum GY who participated
in Wave 2 and Wave 3. For students switching from academic education to the vocational be-
tween Wave 5 and Wave 7 there were no characteristics significantly influencing the decision
to switch tracks.

4.4 Academic track (Wave 3, Wave 5, and Wave 7)

Students remaining on the academic track are surveyed in Wave 3 (2011/2012, students in
Grade 10) and Wave 5 (2012/2013, students in Grade 11). In order to determine their propen-
sity to participate in the two distinct surveys a probit model has been estimated. Here, opposed
to the models corresponding to Wave 1 to Wave 3, no random effect on the school level had
been considered in Wave 5. The reason is that over the panel a non-negligible part of the stu-
dents had left the schools in which they have originally been sampled. Thus, they entered the
field of individual retracking. These students cannot be assigned to school clusters in a reason-
able way. The variables considered in the probit models are given in Table 3. The estimation
results of the significant variables are given in column three and four of Table 4 in Appendix A.
Summarized, in Wave 3 students belonging to the younger half of the panel members have
a significantly a higher participation propensity than the older ones. This interrelation is re-
versed in Wave 5, that is, here the older ones are more prone to participate. In both waves
(i.e., in Wave 3 and in Wave 5), students in schools located in a predominantly rural area have a
significantly higher participation propensity than students in schools in a predominantly semi-
urban area. Furthermore, students not having been sampled in a Gymnasium tend to have a
lower willingness to attend in the panel. Equally, preceding nonparticipation is found to effect
the propensity of further participation negatively. Having no information on the migrational
background negatively effects individual participation propensities in Wave 3, whereas it has
no effect in Wave 5. Likewise, being in the field of individual retracking has a negative effect on
the participation propensity of a student in Wave 3 and a positive effect in Wave 5. In Wave 7
there are 5,333 students left in academic education. Of these, female students are more likely
to participate compared to male students, see Table 8. Further, having participated in previous
waves positively influences the propensity to participate in Wave 7. Students in the individual
retracking have a significantly higher participation propensity than students in the institutional
context. This is because 94% of the students in the academic track being not in their insti-
tutional context anymore participate. In contrast, the participation rate in the institutional
context is only about 88%.

0This result does not apply to students of the strata HS and MB. However, the related estimates are insignificant.
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4.5 Vocational track (Wave 3 to Wave 7)

Alike in the case of students on the academic track, the participation propensities of students
on the vocational track had been estimated by means of wave-specific probit models. Thus,
models had been specified and estimated, one for each wave with students on the vocational
track (i.e, for Wave 3 to Wave 7). As before, the dependent variable indicates the participation
status and Table 3 summarizes the explanatory variables. The estimated coefficients corre-
sponding to the variables found to have a significant effect are given in columns five to eight
of Table 4 (in Appendix A). In summary, students in the younger half of the panel group have
a higher participation propensity in all waves concerned (i.e., in the Waves 3, 4 and 6). Only in
Wave 3, students with missing information on the migrational background have a significantly
lower participation than their counterparts. In the three remaining waves (i.e., in Waves 4 to 6),
having a migrational background lowers the individual participation propensity. Students who
participated in Wave 1 and/or in Wave 3 are more likely to participate also in Wave 5. For the
other waves, no such effect could be detected. Participating in Wave 2 positively influences the
participation in Wave 3, 5 and 6. Likewise, participating in Wave 4 has a positive effect on the
participation propensity in Wave 5 and 6. Being on the vocational track in Wave 3 has already
a significantly negative effect on the participation propensities in Wave 5 and 6. In Wave 6,
female students are less prone to participate than male students. For the 10,174 students in
vocational education in Wave 7 only previous waves participation is significantly influencing
the participation decision.

5. Calibration

The nonresponse adjusted design weights have been calibrated to correct for sampling errors
and undercoverage. For this purpose, data of the school year 2010/2011 from Official Statistics
have been used (Statistisches Bundesamt, 2011), that is, data refereing to the field period of
Wave 1.1' Concretely, raking (Deville, Sdrndal, & Sautory, 1993) has been applied on the num-
ber of students by Federal State and school type. In the weights data set of the SUF, the related
(calibrated) variable is denoted asw_t_cal. Beware that schools in the SC4 panel might change
their type over time (e.g., because of school reforms). Currently, the SC4 data contains not for
all panel members time-dependent school type information.'? Thus, official data of schools in
the school year 2010/2011 does not mandatorily also apply to the same schools in the school
year 2011/2012 or in a later school year.

6. Trimming and Scaling

With the aim of increasing statistical efficiency of weighted analysis, the adjusted design weights
were trimmed. The general goal of weight trimming is to reduce sampling variance and, at the
same time, to compensate for potential increase in bias. Trimming was performed using the so-
called "Weight Distribution" approach (Potter, 1990). Here, design weights are assumed to fol-
low an inverse beta distribution with a cumulative distribution function F,. Parameters of the

1The sampling frame used for establishing the sample of SC4 had also been formed by using data from Official
Statistics, (for the school year 2008/2009). Thus, all reported quantities are measured in the same way, and
calibration could be conducted without further data modification.

12Bayer, GoRmann, and Bela (2014) provide a generated school type variable based on different figures reported
in the SC4. However, this variable is incomplete.
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sampling weight distribution are estimated using the sampling weights, and a trimming level t
is computed whose occurrence probability is 1%, that is, 1 — F,,(t) = 0.01. Sampling weights
in excess of T are trimmed to this level and the excess is distributed among the untrimmed
weights. The parameters for the sampling weight distribution are then estimated again using
the trimmed adjusted weights, and a revised trimming level T is computed. The trimmed ad-
justed weights are compared to the revised level . If any weights are in excess of T, they are
trimmed to this level, and the excess is distributed among the untrimmed weights. This proce-
dure 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.

7. Summary of Weights

Various kinds of weights for students are provided together with design information. Table 5
summarizes the design information given and the different weights provided; compare SUF re-
lease version DOI:10.5157/NEPS:SC4:7.0.0. Besides individual/target (ID_t) and institutional
(ID_i) identifiers, design information for the entire cohort is made available.’® This informa-
tion covers the study number corresponding to the first survey in which a student had been
surveyed, the explicit sampling strata (stratum_exp, see also Table 1) as well as the implicit
sampling strata "Federal States" (stratum_imp1), "regional classification" (stratum_imp2)
and "funding" (stratum_imp3).}* The variables track_3 and track_5 allow for Wave 3 and
Wave 5 an unique assignment of students to the distinct tracks.

Nonresponse adjusted design weights on the institutional (w_i) and the individual (w_t) level
are given for the entire cohort.® For all participants in a particular wave, cross-sectional weights
are provided. These apply to all participants in that wave. From Wave 3 on, subgroup-specific
analyses for students on academic and vocational tracks can be conducted by separating by
means of the variables track 3 and track_5 the weights for Wave 3 (w_t3) and Wave 5 (w_t5)
according to the track considered. Note, that by design in Wave 4 and Wave 6 all students are
on the vocational track. Thus, there no separation into tracks is needed.

Longitudinal weights are provided for those students of the cohort continuously participating
in all succussive waves. Students participating in Wave 1 and Wave 2 can be weighted using
the weight (w_t12). As with the cross-sectional weights, also the longitudinal weights can be
separated from Wave 3 on to regard the corresponding educational track using the variable
track_3 for weight w_t123. Again, there is no need for separating the weight w_t1234 be-
cause Wave 4 includes students in the vocational track only. As before, the weight w_t1235
can be correctly assigned using the variables track_3 and track_5. Again there is no need
of differentiating tracks when using the weight w_t 12356 since Wave 6 only includes students
on the vocational track. When using the weight w_t12357 the corresponding tracks can be
assigned using track_3, track_b5and track_7.

13Due to data protection, this information is not available in the download version of the SUF.

“In the SUF, these design variables are named differently, because of an error in data preparation. Here,
variables stratum_exp, stratum_impl, stratum_imp2, and stratum_imp3 are named stratum_impl,
stratum_imp2, stratum_imp3, and stratum_imp4.

5The institutional weight as well as the explicit and implicit stratification variables belong to the institution and
thus are equal for all cases within the institution.
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8. Comments regarding the Usage of Weights

No general recommendation for the usage of weights can be given. Whether and how weights
have to be used depends on the problem to be studied. If the focus is on a population at a
particular pointin time (e.g., a specific school year) weighted analysis are reasonable. However,
if the research objective is studying processes weighted analysis might not give the intended
result. Concretely, weights always refer to a specific population. In the case of SC4, they refer to
all students in Grade 9 educated in regular and special-need schools in Germany in the school
year 2010/2011; compare Section 2. Thus, all weighted analyses give a representative picture
of these students, and not, for example, of all students in vocational training.

If the focus of the study is on the target population of SC4, it is recommended to apply corre-
sponding weights when conducting descriptive statistics. Beware that weights are only mean-
ingful as a whole. The reason is that weights facilitate capturing the variability emerging due to
sampling, attrition, and unit-nonresponse. As a direct consequence, item-nonresponse among
the studied population has to be quantified and reported. For analytical analysis, models fo-
cusing on the population of SC4 have to be tested for their dependence on the sampling design.
Concretely, this means that the user has to ensure that the way of sampling has no or only a
negligible effect on the model results or that the sampling design is considered in the model
definition adequately. A general description of how to test and account for the sampling design
is given in, for example, Snijders and Bosker (2012). Here, as a guideline, it is recommended to
include the basic design variables (i.e., school type as sampled, Federal State, regional classifi-
cation, funding) into the model under consideration. Additionally, also those variables should
be included as explanatory variables that have found to have a significant effect on the propen-
sity to participate in a specific wave and (if applicable) on the probability to switch tracks. The
related information is detailed in Section 4 of this report. If the effects of these variables and
of the SC4 design variables are found to be insignificant or negligible in the model under study,
the corresponding variables might be omitted in statistical inference. This kind of analysis is
denoted as model-based inference. However, model-based inference should be used with cau-
tion. The dependent variable of a regression model might be a function of the explanatory vari-
ables (of interest) and the (nonresponse adjusted) design weights. Ignoring this relationship
likely results in biased parameter estimates. Besides this, the intermingling of design informa-
tion and model parameters (to be studied) is generally difficult, since the interpretation of the
estimated coefficients might be difficult with respect to the research objective.

Alternatively, one might go with a pure design-based approach and conduct weighted regres-
sion analysis by including the corresponding weights. Beware that here standard errors are
expected to be (much) larger than in an unweighted analysis, possibly obscuring otherwise sig-
nificant effects. The survey package of Stata allows for defining the survey design of the sample
at hand, and thus conducting design-based inference in an appropriate way (Kreuter & Valliant,
2007). The accordant command for analyzing the participants in Wave 1 of the SC4 sample is:

svyset ID_i [pweight = w_t1], strata(stratum_exp) || ID_cc

In this command, ID_i determines the cluster membership of a sampled student, and w_t1
describes the corresponding survey weight (to be part of the SC4 sample). The term stratum
is self-explanatory. All subsequent analysis has to be preceded by the prefix svy. Also the
statistical software R provides a survey package to deal with design-based inference, see Lumley
(2004). Here, the definition of a design object is similar to the one asked for in Stata.
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Appendix
A. Tables
Table 3: Information used in modelling participation propensities

Variable name Information

stratum_exp Explicit sampling stratum referring to the school (school type
according to sampling frame)

stratum_imp1 Implicit sampling stratum (Federal State the school is located
in according to sampling frame)

stratum_imp2 Implicit sampling stratum (regional classification according to
sampling frame)

stratum_imp3 Implicit sampling stratum (funding according to sampling
frame)

Age group Median split for age of the cohort (younger half, older half)

Migration background  Migration background (yes, no, missing)

Native language Native language (German, other, missing)

Student in individual Student is individually re-tracked (individual re-tracking, in

re-tracking school)

Student participated Student participated in a previous Wave t

Educational track Education track of the student in Wave t (academic, voca-
tional)

Gender Gender (male, female)

Nationality Nationality (German, other, missing)
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Table 4: Models estimating the individual participation propensities for students in Wave 1 up
to Wave 6 of SC4 used to derive adjustment factors for adjusted wave-specific cross-
sectional and longitudinal weights

Academic education Vocational education
Wave 1 Wave 2 Wave 3 Wave 5 Wave 3 Wave 4 Wave 5 Wave 6
(Intercept) 1.859%** 1.793%** 1.067%** 1.156%** 0.514%** 0.670*** —0.253** 1.050%**
(0.089) (0.090) (0.069) (0.103) (0.085) (0.045) (0.088) (0.086)
stratum_exp —0.191* —0.483%** —0.280*** 4.017
FS (0.086) (0.085) (0.082) (112.320)
stratum_exp —0.195** —0.210** —0.118 —0.580**
Hs (0.063) (0.070) (0.062) (0.126)
stratum_exp —0.108 —0.100 —0.077 —0.183*
IG (0.083) (0.094) (0.077) (0.068)
stratum_exp —0.125 —0.204* —0.058 —0.025
MB (0.091) (0.101) (0.087) (0.216)
stratum_exp —0.082 —0.002 0.092 3.825
RS (0.068) (0.079) (0.063) (44.429)
stratum_imp2 —0.012 —0.130
predominantly rural (0.083) (0.095)
stratum_imp2 —0.133% —0.250%**
predominantly urban (0.055) (0.055)
Age group 0.083* 0.165%** 0.072* —0.114** 0.191** 0.269%** 0.154***
younger half (0.041) (0.035) (0.034) (0.048) (0.068) (0.072) (0.045)
Migration background —2.449%** —0.515* —0.561%** —0.406** 0.099 0.210 0.009
missing (0.197) (0.222) (0.126) (0.154) (0.242) (0.121) (0.180)
Migration background 0.094 0.005 —0.094* —0.117 —0.266™** —0.123%** —0.107*
yes (0.052) (0.043) (0.037) (0.061) (0.066) (0.030) (0.046)
Native language 0.076 —0.048
G 0.072 0.061
Nativzrlrg:;uage 7(1.0812‘** 7(1.2671**
missing (0.247) (0.236)
Individual re-tracking —1.826™** 0.429***
yes (0.046) (0.090)
Student participated in 0.183*
Wave 1 (0.071)
Student participated in 0.566™** 0.429*** 0.423%** 0.244%** 0.245**
Wave 2 (0.057) (0.091) (0.087) (0.051) (0.083)
Student participated in 0.6447%**
Wave 3 (0.037)
Student participated in 1.103*** 0.395%**
Wave 4 (0.064) (0.094)
Educational track in Wave 3 —0.474*** —0.560™**
vocational (0.042) (0.087)
Gender —0.118**
female (0.042)
Random intercept 0.068 0.194 0.100
on the school level
Number of students 16,425 16,425 13,815 6,305 2,549 1,821 9,804 6,119

Notes: Reference categories are: stratum_exp (GY), stratum_imp2 (intermediate), Age group (older half), Migration background (no), Native
language (German), Student in individual re-tracking (no), Student participated in Wave 1/2/3/4 (no), Educational track in Wave 3 (academic),
Gender (male). To model individual participation, the glmer function with a probit link provided by 1me4 package (Bates, Maechler, & Bolker,
2012) and the glm function with a probit link provided in R (R Core Team, 2015) was used.

ek k% and * denote significance at the 0.1%, 1%, and 5% level, respectively. Standard errors are given in parentheses.
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Table 5: Variables included in the weighting data of SC4 SUF version 7.0.0

Variable Appliesto Content

Identifier

ID_t 16,425 Identifier for target person (students)

ID_i 16,425 Identifier for the institution (648 schools)

Design information

tstud_st 16,425 Study number the target person was first surveyed in
(A46, A60, A67, A83, A86)

stratum_exp 16,425 Explicit sampling stratum referring to the school (school
type according to sampling frame)

stratum_imp1 16,425 Implicit sampling stratum (Federal State the school is lo-
cated in according to sampling frame)

stratum_imp2 16,425 Implicit sampling stratum (regional classification accord-
ing to sampling frame)

stratum_imp3 16,425 Implicit sampling stratum (funding according to sampling
frame)

track_3 16,364 Educational track for students in Wave 3

track_5 16,109 Educational track for students in Wave 5

track_ Educational track for students in Wave 7

’

Design weights adjusted for initial nonresponse

w_i
w_t
w_t_cal

16,425
16,425
16,425

Weight for institution
Weight for target
Weight for target, calibrated

Weights adjusted for wave-specific nonresponse, standardized

w_tl
w_t2
w_t3
w_t4
w_t5
w_t6
w_t7
w_t12

w_t123
w_t1234
w_t1235
w_t12356

w_t12357

15,629
15,215
14,011

1,351
12,982

5,392
11,829
14,579

12,784

1,169

10,701

4,534

9,188

Cross-sectional weight for targets participating in Wave 1
Cross-sectional weight for targets participating in Wave 2
Cross-sectional weight for targets participating in Wave 3
Cross-sectional weight for targets participating in Wave 4
Cross-sectional weight for targets participating in Wave 5
Cross-sectional weight for targets participating in Wave 6
Cross-sectional weight for targets participating in Wave 7
Longitudinal weight for targets participating in Wave 1
and 2

Longitudinal weight for targets participating in Wave 1,
2,and 3

Longitudinal weight for targets participating in Wave 1,
2,3,and 4

Longitudinal weight for targets participating in Wave 1,
2,3,and 5

Longitudinal weight for targets participating in Wave 1,
2,3,5,and 6

Longitudinal weight for targets participating in Wave 1,
2,3,5 and 7
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Table 8: Models estimating the individual participation propensities for students in Wave 7 of
SC4 used to derive adjustment factors for adjusted wave-specific cross-sectional and
longitudinal weights

Academic education Vocational education

(Intercept) —0.242 —0.813***
(0.128) (0.040)
Gender 0.149*
female (0.047)
Student participated in 0.381***
Wave 2 (0.097)

Student participated in 0.245** 0.161***
Wave 3 (0.083) (0.039)
Student participated in 0.846*** 1.019***
Wave 5 (0.067) (0.039)
Student participated in 0.984***
Wave 6 (0.035)

Individual re-tracking 0.418***
yes (0.073)
Number of students 5333 10174

Notes: Reference categories are: Student in individual re-tracking (no), Student participated in Wave t (no), Gender (male). To model individual
participation, the glmer function with a probit link provided by 1me4 package (Bates et al., 2012) and the glm function with a probit link
provided in R (R Core Team, 2015) was used.

*x* *¥* and * denote significance at the 0.1%, 1%, and 5% level, respectively. Standard errors are given in parentheses.
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