Hans-Peter Blossfeld

Michael Bayer
Jan Skopek  Editors

Methodological Issues
of Longitudinal Surveys




Methodological Issues of Longitudinal Surveys



Hans-Peter Blossfeld « Jutta von Maurice
Michael Bayer - Jan Skopek (Eds.)

Methodological Issues
of Longitudinal Surveys

The Example of the National Educational
Panel Study

@ Springer V5



Editors

Hans-Peter Blossfeld
European University Institute
Florence, Italy

Michael Bayer
LIfBi
Bamberg, Germany

Jutta von Maurice Jan Skopek

LIfBi European University Institute
Bamberg, Germany Florence, Italy

ISBN 978-3-658-11992-8 ISBN 978-3-658-11994-2 (eBook)

DOI 10.1007/978-3-658-11994-2

Library of Congress Control Number: 2016932501

Springer VS

© Springer Fachmedien Wiesbaden 2016

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information storage
and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now known or
hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does
not imply, even in the absence of a specific statement, that such names are exempt from the relevant protective
laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, express or implied, with respect to the material contained herein or for any errors or omissions
that may have been made.

Printed on acid-free paper

This Springer VS imprint is published by Springer Nature
The registered company is Springer Fachmedien Wiesbaden GmbH



Hans-Peter Blossfeld, Jutta von Maurice, Michael Bayer and Jan Skopek
Foreword . . . . . . .

I. Introduction

Jutta von Maurice, Hans-Peter Blossfeld and Hans-Glinther RoBbach
The National Educational Panel Study:
Milestones of the Years 2006 t0 2015 . . . . . . . . . . . . . ... ...

Frank J. Infurna, Denis Gerstorf, Nilam Ram and Jutta Heckhausen
Analytic Strategies for the Study of Adaptation to Major Life Events:
Making the Most of Large-Scale Longitudinal Surveys . . . . . ... ...

Il. Sampling, Recruiting, and Fieldwork Management

Hans Walter Steinhauer and Sabine Zinn and Christian ABmann
Weighting Panel Cohorts in Institutional Contexts . . . . . . . ... ...

Sabine Zinn

Variance Estimation with Balanced Repeated Replication:

An Application to the Fifth and Ninth Grader Cohort Samples

of the National Educational Panel Study . . . . . . ... ... ... ...

Xl

19

39

63



Vi

André Miiller-Kuller, Sonja Meixner and Michaela Sixt
Challenges in Gaining Access: The School Cohorts

of the National Educational Panel Study . . . . . . ... ... ...

Ina-Sophie Ristau and Stephanie Beyer
Cooperation and Communication Within Scientific Organizations:

The Role of Survey Coordination . . . . . .. ... ... ......

Michaela Sixt, Martin Goy and Georg Besuch
The Concept of Individual Retracking in NEPS—Approach, Practice,

and First Empirical Evidence From Starting Cohorts3and4 . . . . .

Go6tz Lechner, Julia Gépel and Anna Passmann
Challenges and Intentions of Target-Specific Public Relations Work

lll. Longitudinal Measurement of Educational Processes:
Surveys and Constructs

Anja Sommer, Claudia Hachul and Hans-Glinther Ro8bach
Video-Based Assessment and Rating of Parent-Child Interaction

Within the National Educational Panel Study . . . . . .. ... ..

Doreen Miiller, Tobias Linberg, Michael Bayer, Thorsten Schneider
and Florian Wohlkinger
Measuring Personality Traits of Young Children—

Results From a NEPS PilotStudy . . . . . . .. ... ... .. ...

Florian Wohlkinger, Michael Bayer and Hartmut Ditton

Measuring Self-Conceptinthe NEPS . . . . . . . . . ... ... ..

Cornelia Kristen, Melanie Olczyk and Gisela Will
Identifying Immigrants and Their Descendants

in the National Educational Panel Study . . . . . . .. ... ... ..

Johann Carstensen, Anja Gottburgsen and Monika Jungbauer-Gans

Measuring Health in a Longitudinal Education Study . . . . . . . ..

Christiane Gross and Katharina Seebal3
The Standard Stress Scale (SSS): Measuring Stress in the Life Course

Content

111

133

151

169

181

195

213

233



Content

Lena Nusser, Jana Heydrich, Claus H. Carstensen, Cordula Artelt
and Sabine Weinert
Validity of Survey Data of Students with Special Educational Needs—

Results From the National Educational Panel Study . . . . . . ... ...

Hildegard Schaeper and Thomas Weil3
The Conceptualization, Development, and Validation of an Instrument
for Measuring the Formal Learning Environment in Higher Education

Kerstin Hoenig, Reinhard Pollak, Benjamin Schulz and Volker Stocké

Social Capital, Participation in Adult Education, and Labor Market Success:
Constructing a New Instrument . . . . . . . .. ... oL

Gunther Dahm, Oliver Lauterbach and Sophie Hahn
Measuring Students’ Social and Academic Integration—Assessment

of the Operationalization in the National Educational Panel Study . . . . .

Katrin Drasch, Corinna Kleinert, Britta Matthes and Michael Ruland
Why Do We Collect Data on Educational Histories Over
the Life Course the Way We Do? Core Questionnaire Design Decisions

in Starting Cohort6—Adults . . . . . .. ... o L L

Annette Trahmes, Britta Matthes and Michael Ruland
Collecting Life-Course Data in a Panel Design:

Why and How We Use Proactive Dependent Interviewing . . . . . . . ..

Michael Ruland, Katrin Drasch, Ralf Kiinster, Britta Matthes
and Angelika Steinwede
Data-Revision Module—A Beneficial Tool to Support

Autobiographical Memory in Life-Course Studies . . . . . .. . ... ..

Florian Janik, Oliver Wélfel and Merlind Trepesch

Measurement of Further Training Activities in Life-Course Studies . . . . .

IV. Longitudinal Measurement of Skills: Competence Testing

Karin Berendes and Sabine Weinert
Selecting Appropriate Phonological Awareness Indicators
for the Kindergarten Cohort of the National Educational Panel Study:

ATheoretical and Empirical Approach . . . . . . ... ... ... ....

Vil

251

267

291

313

331

349

367

385

401



Vi

Stephan Jarsinski, Sarah Frahm, Inge Blatt, Wilfried Bos
and Michael Kanders
Assessing Spelling Competence Development

in the National Educational Panel Study . . . . . . .. ... ... ..

Aileen Edele, Kristin Schotte and Petra Stanat
Assessment of Immigrant Students’ Listening Comprehension
in Their First Languages (L1) Russian and Turkish in Grade 9:

Test Construction and Validation . . . . . . ... .. ... .....

Kathrin Lockl, Marion Héndel, Kerstin Haberkorn and Sabine Weinert
Metacognitive Knowledge in Young Children: Development

of a New Test Procedure for First Graders . . . . . . . . . ... ...

Anna Siidkamp, Steffi Pohl, Jana Heydrich and Sabine Weinert
Including Students With Special Educational Needs
in the Competence Assessment of the NEPS—

Results on the Comparability of Test Scores in Reading . . . . . . ..

Christian ABmann, Christoph Gaasch, Steffi Pohl and Claus Carstensen
Estimation of Plausible Values Considering Partially Missing

Background Information: A Data Augmented MCMC Approach . . . .

Kerstin Haberkorn, Steffi Pohl, Claus Carstensen and Elena Wiegand
Scoring of Complex Multiple Choice Items in NEPS Competence Tests
V. Assessing Data Quality

Thomas Bdumer and Hans-Glinther Ro8bach
Measurement of Preschool Quality Within the National Educational

Panel Study—Results of a Methodological Study . . . . . . ... ..

Cornelia Gresch, Rolf Strietholt, Michael Kanders and Heike Solga
Reading-Aloud Versus Self-Administered Student Questionnaires:

An Experimenton Data Quality . . . . . . ... ... ...

Franziska Fellenberg, Heiko Sibberns, Birgit Jesske and Doris Hess

Quiality Assurance in the Context of Data Collection . . . . ... ...

Content

427

441

465

485

503

523

543

561

579



Content IX

VI. Data management, Coding, Dissemination, and User Support
Jan Skopek, Knut Wenzig, Daniel Bela, Tobias Koberg,
Manuel Munz and Daniel Ful3

Data Dissemination, Documentation, and User Support . . . . . . . . .. 597

Jan Skopek, Tobias Koberg and Hans-Peter Blossfeld
RemoteNEPS—AnN Innovative Research Environment . . . . . . . . . .. 611

Knut Wenzig, Christian Matyas, Daniel Bela, Ingo Barkow

and Marc Rittberger

Management of Metadata: An Integrated Approach

to Structured Documentation . . . . . ..o 627
Daniel Bela

Applied Large-Scale Data Editing . . . . . . . ... .. ... ... 649

Jan Skopek and Manuel Munz

Life-Course Data and the Longitudinal Classification of Education . . . . . 669
Tobias Koberg
Disclosing the National Educational Panel Study . . . . . . . ... .. .. 691

Manuel Munz, Knut Wenzig and Daniel Bela
String Coding in a Generic Framework . . . . . . .. ... 709

Ralf Kiinster
Visualizing Life Courses With the TrueTalesView . . . . . . .. ... ... 727
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Introduction

This book is the second volume focusing on important methodological issues of lon-
gitudinal studies using the example of the National Educational Panel Study (NEPS)
in Germany. Today, the NEPS is one of the biggest longitudinal data-collection en-
deavors in social sciences in Europe and even beyond. The first volume described the
main research aims, the basic design, the organization, and the setup of the NEPS
(Blossfeld, Rof3bach, & von Maurice, 2011). In this second volume a rich compendi-
um documenting important methodological challenges, solutions, and achievements
that emerged in developing a major longitudinal study are extensively described and
discussed.

The aim of the NEPS is to collect rich large-scale longitudinal data on life courses,
in particular the educational careers and competence developments of individuals
and their consequences in terms of health and political behavior, career pathways,
job success, employment behaviors, and income trajectories from early childhood
to late adulthood. The basic survey design of the NEPS—a multicohort sequence de-
sign—involves six large independent panel samples (the so-called starting cohorts
that are then followed-up in regular data sweeps over long time spans. In 2009, the
NEPS started to collected data on (1) 6-month-old babies (Early Childhood cohort),
(2) children in Kindergarten 2 years before regular school enrolment, (3) fifth graders
at the age of about 10, (4) ninth graders (the 15-year-olds that are also analyzed in the
PISA study by the OECD), (5) first-year students in higher education, that is, at tra-
ditional universities and universities of applied sciences, and (6) adults at the age of
23 to 64. In addition, the NEPS conducted additional secondary school studies in two
selected German Federal States. The NEPS has developed and implemented a com-
prehensive range of longitudinal survey instruments and competence tests, sampling
strategies, fieldwork procedures as well as an infrastructure for data edition, data dis-
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semination, and user support. More than 200 scientists from different disciplines
such as sociology, psychology, education sciences, economics, demography, statistics,
and experts in sociological research methods are working on the NEPS. In January
2014, the NEPS project was institutionalized as a Leibniz Institute for Educational
Trajectories (Leibniz-Institut fiir Bildungsverlaufe, LIfBi). This support of the govern-
ment ensures a long-term data infrastructure for national and international educa-
tional research in Germany. The total number of target persons included in the NEPS
longitudinal study is about 60,000. In addition, educators, teachers, school principals,
and parents associated with these 60,000 target persons are interviewed in order to
include their familial, regional, and school contexts. Since 2012, a remarkable number
of Scientific Use File data sets have been released to the international scientific com-
munity. Today, the number of scholars around the world who are using NEPS data for
longitudinal empirical research has increased to more than 1,000 users. Consequent-
ly, the NEPS has become the most important data source for sociological, educational,
economical, and psychological longitudinal research in Germany and beyond.

By now, several years after the start of the NEPS, an abundance of methodological
challenges have been mastered and valuable knowledge about new solutions and tools
have been developed for the NEPS. The aim of this volume entitled “Methodological
Issues of Longitudinal Surveys—The Example of the National Educational Panel Study”
is to address important user-relevant issues of the NEPS. The central idea of this book
is to report and discuss the specific methodological problems of longitudinal stud-
ies and the practical solutions that have been found in the various NEPS disciplines
while building up an attractive, efficient, and powerful large-scale multicohort panel
database. In particular, the book demonstrates new standards in the collection and
distribution of large-scale longitudinal data. In a nutshell, the 40 short and to-the-
point chapters in this book capture a broad variety of relevant methodological issues
ranging from sampling and weighting, recruiting and fieldwork management, design-
ing longitudinal surveys, constructs, and competence tests, improving data quality,
editing and documenting data on a large-scale basis, disseminating data to research-
ers, as well as establishing an effective public relations and communications service
for a large panel study. Addressing an impressive array of methodological challenges
and solutions, 93 authors—all of them longitudinal experts from different fields and
backgrounds—have contributed to this unique volume.

The Approach of the Book

A key goal of the book is the discussion of important methodological challenges in
today’s longitudinal designs and suggestions for their practical solutions as they have
been achieved by the NEPS. Hence, contrary to other books on the market, this book
is not intended to be just another theoretical primer in survey research. Rather, this
book presents a well-selected collection of applied methodological topics and prac-
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tical issues that had to be solved in building up a large-scale survey project but are
hardly ever discussed in any available textbooks on survey research today. For in-
stance, the book will provide not only chapters on sampling, weighting, and measure-
ment of concepts in the context of longitudinal designs, but also on topics such as
how to practically access and follow up target populations in a school sampling con-
text, how to coordinate and manage multiple surveys, how to build up target-specific
public relations services, or how to establish the highest standards of quality man-
agement in the context of longitudinal data collection. Moreover, the book provides
a variety of valuable contributions for users of longitudinal data in the field of data
management, dissemination, and user support—all of which are undoubtedly crucial
for modern longitudinal survey projects and for the NEPS users, but which are still
virtually untouched in the current literature.

Beyond sampling and data-collection issues, a core focus of this book is the lon-
gitudinal measurement of educational processes and skills over the life course. Sev-
eral chapters cover a series of innovative methodological approaches that have been
implemented in the NEPS, such as dependent interviewing for seamlessly collecting
life-course data, video-based assessments of early childhood behavior, or measuring
migration background, personality traits, health, stress, or further training activities.
A major mission of the NEPS is the longitudinal assessment of competencies and
skills of age-graded populations on a representative basis, which is largely uncharted
territory in psychometrics.

This volume mainly targets an audience of survey researchers, practitioners in sur-
vey methodology, and the broader scientific community using the NEPS and other
longitudinal data for their analyses. In general, it will be interesting for applied life-
course researchers, psychologists, demographers, sociologists, economists, and edu-
cational researchers who are interested in large-scale assessments and educational
careers. Consistent with the strategy of tackling real-life methodological problems in
large-scale surveys, the volume explicitly does not follow the approach of a conven-
tional textbook. Rather, it serves as a reference book for applied longitudinal meth-
odology. While connected chapters are grouped together under relevant themes, all
chapters can be read independently depending on a particular reader’s interest. Not-
withstanding, we believe that the book may also be of great value for introducing un-
dergraduate and postgraduate students to the longitudinal methodology of the social
sciences.

Synopsis

The book is organized into six parts. A first part provides a brief introduction to the
National Educational Panel Study while also reporting on important milestones that
have been achieved during the establishment phase of NEPS between 2009 and 2014.
Moreover, analytical strategies to advance our knowledge of how life events change



XIvV Hans-Peter Blossfeld, Jutta von Maurice, Michael Bayer and Jan Skopek

the life course and shape developmental trajectories across different educational
stages are discussed. A second part of the book contains six chapters tackling crucial
issues of multicohort and institutional sampling, recruiting of survey participants in
a multiactor design, and management of complex multiagency fieldwork process-
es. A third part is dedicated to the longitudinal measurement of educational pro-
cesses, one of the major challenges of the NEPS. A collection of 14 chapters touches
upon innovative topics such as video-based assessment of infants, measurement of
personality traits, self-concept, health, stress, social capital, multigenerational migra-
tion background, social and academic integration, as well as the collection of ini-
tial and further educational biographies using modern techniques and tools for col-
lecting seamless life history data. Next to collecting data on educational trajectories,
a second goal of the NEPS is to assess competencies and skills throughout the entire
life span. Part four provides seven chapters focusing on several methodological issues
in assessment and statistical scaling of competence data. Particularly, these chapters
document significant new experiences in assessing competencies among more diffi-
cult target groups such as students with special educational needs or students with
migration backgrounds. Part five is devoted to the assessment of data quality in the
NEPS. Evidence on data quality from experimental studies is presented and the im-
portance of quality assurance units in large-scale studies is demonstrated. The NEPS
has successfully built up a robust infrastructure, not only for collecting data but also
for disseminating and delivering longitudinal data to the wider scientific community.
Hence, part six of the book deals with innovative methods, techniques, and tools of
data management, data coding, and data dissemination in the context of a large-scale
longitudinal survey project. Eight chapters deal with highly relevant questions such
as how researchers need to manage and document large-scale survey data, how to dis-
seminate data of different disclosure levels while maximizing research utility, or how
to build up a powerful program for user support and training.

Hans-Peter Blossfeld, European University Institute, Florence

Jutta von Maurice, Leibniz Institute for Educational Trajectories, Bamberg
Michael Bayer, Leibniz Institute for Educational Trajectories, Bamberg
Jan Skopek, European University Institute, Florence
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The National Educational Panel Study:
Milestones of the Years 2006 to 2015

Jutta von Maurice, Hans-Peter Blossfeld and Hans-Gunther Ro8bach

Abstract

Funded by the Federal Ministry of Education and Research (Bundesministerium
fir Bildung und Forschung—BMBF), the National Educational Panel Study (Na-
tionales Bildungspanel—NEPS) started in August 2008 with the aim of collect-
ing urgently required longitudinal data about educational processes and compe-
tence development from early childhood to late adulthood. As of January 2014,
the NEPS is now situated at the newly founded Leibniz Institute for Education-
al Trajectories (Leibniz-Institut fiir Bildungsverldufe—LIfBi). The NEPS provides
these data to the scientific community as quickly as possible after each data-col-
lection sweep. During the years 2006 to 2015, several important milestones have
been achieved by the NEPS team: First, an interdisciplinary network of excellence
has been built up including the best educational researchers and research institu-
tions in Germany—initially with the University of Bamberg as the home of the
NEPS center. Second, a clear structure for the NEPS has been developed focusing
on five substantively oriented pillars and eight life-course stages. Third, a multi-
cohort sequence design was defined in order to be able to quickly collect and dis-
seminate data on different educational stages and to enable an easy comparison of
different cohorts. Fourth, six cohorts with more than 60,000 target persons (plus
some 40,000 context persons) were sampled in educational institutions or based
on register data. Fifth, innovative longitudinal instruments were designed by an
interdisciplinary team of researchers bringing together relevant theories, concepts,
and variables from various disciplines. Sixth, procedures in order to collect rep-
resentative data based on different samples have been defined, following up in-
dividuals through their educational pathways. Seventh, an effective infrastruc-
ture for the dissemination of data to the scientific community in Germany and
abroad, a program of introductory user courses, and a user support center have
been set up. Data from all six NEPS cohorts have been released to date. More than

© Springer Fachmedien Wiesbaden 2016
Hans-Peter Blossfeld et al. (eds.), Methodological Issues of Longitudinal Surveys,
DOI 10.1007/978-3-658-11994-2 1



4 Jutta von Maurice, Hans-Peter Blossfeld and Hans-Glinther RoBbach

1,000 researchers from various disciplines are already using NEPS data. Eighth,
the institutionalization under the umbrella of the Leibniz Association has created
along-term perspective for NEPS to establish itself as an infrastructure facility for
educational research.

1 Interdisciplinary Network of Excellence

After the publication of the first PISA results, a lack of longitudinal data on educa-
tional processes and competence development has become painfully evident in Ger-
many. As a response to this data situation, the Federal Ministry of Education and Re-
search (Bundesministerium fiir Bildung und Forschung—BMBF) took the initiative
to discuss with leading German researchers setting up a new panel study that would
focus on educational processes over the life span. A first, very preliminary draft of an
educational panel study had already been presented by Fickermann (BMBF) in 2004.
These discussions were also accompanied by a paradigmatic change in the way in
which research was going to be funded by the BMBF. The BMBF did not only try to
initiate research projects and research programs, but it committed itself to following
strict scientific standards in the selection, evaluation, and funding decisions—which
meant, in general, an earlier and more intensive involvement of the scientific commu-
nity in the funding procedure of the Ministry (Buchhaas-Birkholz, 2009).

After 2004, the BMBF and several leading researchers started to further develop
the idea of collecting longitudinal data about educational processes and competence
development from early childhood to late adulthood. Based on this aim it became
obvious that many different disciplines and experts with profound expertise on the
various educational stages (such as early childhood, school age, age of vocational and
university study choices, participation in university, vocational training, and lifelong
learning) would have to be involved. However, several attempts to initiate a consor-
tium of educational experts failed.

In the summer of 2006, Hans-Peter Blossfeld was asked by the BMBF to form
an interdisciplinary network with the aim of collecting representative longitudinal
data on educational processes over the life course. He immediately accepted the of-
fer and started to build up a consortium. Within this network he included not only
well-known colleagues from different faculties of the University in Bamberg, but also
the most prominent experts from different disciplines, as well as the most important
educational research institutions from all over Germany. In 2007, first basic ideas of
what a National Educational Panel Study (NEPS) could look like were written down
by the interdisciplinary consortium of excellence (for the advantages of research in
interdisciplinary networks see also Blossfeld & von Maurice, 2012). This first draft
of the NEPS was financially supported by the BMBF and then submitted to the Ger-
man Research Foundation (Deutsche Forschungsgemeinschaft—DFG). In early sum-
mer of 2007, the DFG organized a workshop with an international group of highly
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renowned scientists to discuss the ideas of the NEPS Consortium. The evaluators
were excited and unanimously supported the decision that an elaborated proposal
for a NEPS should be worked out by the Consortium. In the summer of 2008, this
full-fledged proposal was completed and submitted to the DFG. The group of inter-
national evaluators enthusiastically approved and supported the ideas of the NEPS.
The NEPS was then immediately rolled out in August 2008 and officially opened in
a ceremony with the Federal Minister of Education and Research (Bundesministe-
rin fiir Bildung und Forschung), Annette Schavan, and the Bavarian State Minister of
Sciences, Research, and the Arts (Bayerischer Staatsminister fiir Wissenschaft, For-
schung und Kunst), Wolfgang Heubisch, in February 2009. Right from the beginning,
the NEPS had been part of the Framework Programme for the Promotion of Edu-
cational Research (Rahmenprogramm zur Foérderung der empirischen Bildungsfor-
schung; Bundesministerium fiir Bildung und Forschung, 2008). For an overview of
the NEPS please see Blossfeld, Rof8bach, and von Maurice (2011).

The NEPS Consortium has been quite stable since 2009. Only small extensions
were introduced—mostly in connection with main researchers within the network
being appointed to other institutions. Alongside LIfBi and the University of Bamberg,
there are presently 18 different institutions—with a large number of professors active-
ly engaged in NEPS—collaborating within the NEPS network as contracted partners:

o Berlin Social Science Center (WZB)

o Centre for European Economic Research (ZEW) in Mannheim

o Friedrich-Alexander-Universitit Erlangen-Niirnberg (FAU)

o German Centre for Research on Higher Education and Science Studies (DZHW)
in Hannover

o German Institute for International Educational Research in Frankfurt (DIPF)

o Humboldt-Universitdt in Berlin

o Ifo Institute—Leibniz Institute for Economic Research at the University of Munich

o Institute for Employment Research in Nuremberg (IAB)

o Institute for School Development Research at TU Dortmund University

o Justus Liebig University in Giessen

o Leibniz Institute for Science and Mathematics Education (IPN) at Kiel University

o Leibniz Universitdt Hannover

o Leipzig University

o Ludwig-Maximilians Universitit in Munich (LMU)

o Universitit Hamburg

o University of Mannheim

o University of Siegen, and

o University of Tiibingen.

Besides these contracted partners excellent researchers from several additional insti-
tutions were integrated especially in the NEPS instrument development: european fo-



6 Jutta von Maurice, Hans-Peter Blossfeld and Hans-Glinther RoBbach

rum for migration studies at the University of Bamberg, German Institute for Adult
Education—Leibniz Centre for Lifelong Learning in Bonn, German Youth Institute
in Munich, Max Planck Institute for Human Development in Berlin, Ruhr University
in Bochum, State Institute for Family Research at the University of Bamberg, State In-
stitute of Early Childhood Research in Munich, Technical University of Munich, and
University of Kassel.

The NEPS is highly active in building up and collaborating with other panel stud-
ies and other data infrastructure facilities in Germany and abroad. A close relation-
ship exists with some important panel and other large-scale studies in Germany: For
example, the research group Educational Processes, Competence Development, and
Selection Decisions in Preschool and School Age (BiKS); the German Family Panel
(pairfam); the Programme for the International Assessment of Adult Competencies
(PTAAC); the Programme for International Student Assessment (PISA); the Survey
of Health, Aging, and Retirement in Europe (SHARE); and—Ilast but not least—the
German Socio-Economic Panel (SOEP). Moreover, NEPS has become a member of
the Leibniz Education Research Network (Leibniz-Forschungsverbund Bildungspo-
tenziale—LERN). Besides these German collaborations there is an especially strong
cooperation with similar other European or even non-European longitudinal studies:
For example, the Growing up in France Study (elfe), the Millennium Cohort Study
(MCS) in Great Britain, different longitudinal studies of the Australian Bureau of Sta-
tistics, the Educational Research Institute in Warsaw in Poland, the Human Sciences
Research Council in South Africa, the Institute for Research and Development of
Education at the Charles University in Prague in the Czech Republic, as well as the
infrastructure facility Micro data Online Access (MONA) at Statistics Sweden. The
aim of this cooperation is not only to continuously foster the quality of the NEPS in-
struments and NEPS data, but also to adjust survey instruments between different
panel studies in order to allow for joint data analyses as early as possible. Moreover,
methodological, survey-methodological, and technical aspects are discussed and best
practice solutions are conjointly developed. The active interaction with researchers
from outside the NEPS Consortium can be illustrated by more than 270 publications,
more than 600 presentations, and more than 100 research visits conducted in the
years 2009-2015.

In August 2012, Hans-Peter Blossfeld—who moved to a chair at the European
University Institute (EUI) in Florence, Italy—handed over the position of Principal
Investigator to Hans-Giinther Rofibach, who has been actively involved in the NEPS
since the preparatory phase.
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2  Setting Up a Five-Pillar and Eight-Stages Structure

The NEPS focuses on five carefully selected substantive dimensions over the entire life
span. These five dimensions guarantee the homogeneity of the theoretical concepts
and—as far as appropriate—the instruments used at very different educational phases
from early childhood until late adulthood:

o Pillar 1 (Weinert et al., 2011; Artelt, Weinert, & Carstensen, 2013) focuses on com-
petence development and the effects of individual competencies for educational
decisions and trajectories. The competence measurements cover domain-general
cognitive abilities, domain-specific cognitive competencies (with a focus on Ger-
man language, mathematics, and science), metacompetencies (such as metacogni-
tion and information and communication technologies literacy), and stage-spe-
cific competencies (e. g., related to curriculum or job-related abilities and skills).

o Pillar 2 (Biaumer, Preis, Rof$bach, Stecher, & Klieme, 2011) deals with the various
formal, informal, and nonformal learning environments within the NEPS. The
team of Pillar 2 includes the quantity and quality of the various learning environ-
ments in their analyses and also focuses on transitions between as well as cumu-
lating effects of different learning environments.

o Pillar 3 (Stocké, Blossfeld, Hoenig, & Sixt, 2011) is concerned with educational
decision-making over the entire life span and with measuring the effects of social
inequality. The team of Pillar 3 is also responsible for the design and collection of
sociodemographic data within the NEPS.

o Pillar 4 (Kristen et al., 2011) focuses on the situation of people with a migration
background in the different educational stages of the NEPS. There is a specific
emphasis on the effects of the mother language and the available networks of mi-
grants.

o Pillar 5 (Gross, Jobst, Jungbauer-Gans, & Schwarze, 2011) addresses the economic
returns to education (such as income and career trajectories) as well as noneco-
nomic benefits (such as satisfaction, health, participation) in the different life
stages.

The central theoretical concepts of all five pillars are implemented from early child-
hood to late adulthood—keeping the measurements as comparable as possible. Ad-
ditionally, personality aspects and motivational concepts are also integrated in the
NEPS instruments in order to supplement the five-pillar structure (Wohlkinger,
Ditton, von Maurice, Haugwitz, & Blossfeld, 2011). The educational phases over the
life span are structured according to eight stages, giving the NEPS a strong internal
structure (see Figure 1).
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Figure 1 Pillars and stages of the National Educational Panel Study

ADMINISTRATION AND CENTRAL COORDINATING

DEPARTMENT OF THE NEPS
AT THE LEiBNiZ INsTITUTE FOR EDucaTiONAL TRAJECTORIES

PILLAR 1 PILLAR 2 PILLAR 4 PILLAR 5

PILLAR 3

MiGRraTION RETURNS TO
BACKGROUND EpucaTion

EpucaTionAL
Decisions

COMPETENCE LEARNING
DeveLOPMENT ENVIRONMENTS

[STAGES ADULT EDUCATION AND LIFELONG LEARNING

1 L1 11 11 11 1§
ISmGE? FrRoM HIGHER EDUCATION TO THE LABOR MARKET
[STnGEE FRoM VoOCATIONAL TRAINING TO THE LABOR MARKET

[STAGES FROM UPPER SEC. SCHOOL TO HIGHER ED./Voc. TRAINING/LABOR MARKET

)
]
]
]
)
)
]
]

1

[STAGF_4 FROM LOWER TO UPPER SECONDARY SCHOOL

1 L1 L1 11l 11 L
[STQGE3 FROM ELEMENTARY SCHOOL TO LOWER SECONDARY SCHOOL

L L1 L1 11 L1l 1
[STAGEZ FROM KINDERGARTEN TO ELEMENTARY SCHOOL
[STAGEI FROM BIRTH TOo EARLY CHILD CARE

METHODS DEPARTMENT
User Service, Survey M T, Data Wa JUSE

3  Multicohort Sequence Design

Studying educational processes and competence development over the life span and
following the basic principles of the life-span perspective (Elder, Johnson, & Crosnoe,
2003), a longitudinal design is called for (see Blossfeld & von Maurice, 2011). The
NEPS Consortium has implemented six starting cohorts along carefully selected tran-
sition points in the individual educational life course. All six cohorts started between
2009 and 2012, allowing for the development of integrated instruments and the joint
specification of relevant data-collection procedures (see Figure 2).

Figure 2 demonstrates the basic design of the NEPS—pointing out the idea of
following individuals over their individual life spans. Two aspects are not visible in
Figure 2: First, NEPS tracks individuals irrespective of standard educational careers.
Hence, also “departing and individual” trajectories are represented in the NEPS data
(e.g., early school enrollment, repetition of classes, and dropout from higher educa-
tion). Second, before bringing the main NEPS studies into the field, several steps of
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instrument development (especially in the area of competence measurement all do-
main-specific tests have to be newly developed by the NEPS Consortium), constant
instrument improvement, studies of mode effects, linking studies of competence tests
across successive age groups, as well as pilot studies for field procedures, and the ap-
propriateness of materials (e.g., information material, testing material, and incen-
tives) must be accomplished. Besides the main studies of the NEPS, about 100 pilot or
preliminary studies are part of the data-collection plan for 2009-2015.

4 Samples

The six cohorts of the NEPS contain more than 60,000 target persons and, addition-
ally, nearly 40,000 context persons (such as parents, caregivers, educators, teachers,
and principals). All samples are carefully drawn as individual or institutional sam-
ples based on well-documented selection routines. They are all representative for the
situation in Germany (see also Afimann et al., 2011):

o Starting Cohort 1—Early Childhood (SC1) is drawn as an individual sample of
children born between February and June 2012 (via population registers). A first
wave started in August 2012, collecting data when the children were about six to
eight months old. We have direct measurements of the children’s competencies
as well as measures of parent-child interaction. More information—for example,
about the children’s and families’ background, extrafamilial care arrangements,
health, and joint activities of mothers and children—are collected in a computer-
assisted personal interview (CAPI) with the mothers. The sample size at Wave 1 is
nearly 3,500 (for Stage 1 see Schlesiger, Lorenz, Weinert, Schneider, & Rof8bach,
2011).

o Starting Cohort 2—Kindergarten (SC2) is drawn via an indirect sampling pro-
cedure. In 2010 a random sample of elementary schools was drawn and infor-
mation about the Kindergartens that were supplying those schools with children
was collected. Based on this information, a random sample of Kindergartens was
drawn. This procedure was necessary, as no complete list of Kindergartens within
Germany had been available and, therefore, no sampling frame on the Kindergar-
ten base could be defined. Within the Kindergartens, those children were selected
who—based on their birth date—were scheduled for school enrollment in 2012.
As details of school enrollment differ between the 16 Federal States (Bundeslin-
der), the selected range of birth dates had to be adapted to the respective regula-
tions. It was not possible to sample complete units of Kindergarten classes, as
groups in German Kindergartens are age-mixed. Data collection within the first
wave started in January 2011. Key to SC2 is a direct measurement of children’s
competencies (with the child’s answers being documented by a well-trained inter-
viewer) and a computer-assisted telephone interview (CATI) with the parents. Ad-
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ditionally, questionnaires (paper-based assessment, PBA) for educators and heads
of staff were used in order to collect some information about the institutional
learning environment. SC2 started with about 3,000 children in more than 250
Kindergartens. When entering elementary school, the sample was extended by an
additional sampling procedure; the cohort was increased by 5,315 additional first
graders in 2012/2013 (for Stages 2 and 3 see Berendes et al., 2011).

o Starting Cohort 3—Grade 5 (SC3) is sampled as a fifth-graders cohort on the basis
of a sample frame of all schools across Germany. In two classes of Grade 5 within
each sampled school (if available, of course), we have a clustered sample. NEPS
uses competence tests and student PBA questionnaires, PBA questionnaires for
teachers and heads, as well as CATI interviews with parents. By using this instru-
mentation, a broad area of topics can be addressed to the appropriate respondent,
taking a multi-informant perspective into account. Wave 1 started in December
2010 and ended with a sample of more than 6,000 children from nearly 300 insti-
tutions (for Stage 4 see Frahm et al., 2011); in 2012, 2,205 additional students in
Grade 7 were sampled.

 Starting Cohort 4—Grade 9 (SC4) is built up as a ninth-graders cohort in quite
identical fashion as SC3 concerning sampling and instrumentation. It also started
its first measurement wave in December 2010 and realized a sample of about
16,500 children within about 650 institutions. Compared to SC3, SC4 became
highly complex after the two measurement waves in Grade 9, as students started
to leave the school context and entered vocational training or the transition sys-
tem (for Stages 4, 5, and 6 see Frahm et al., 2011; Wagner et al., 2011; Ludwig-
Mayerhofer et al., 2011).

o Starting Cohort 5—First-Year Students (SC5) focuses on college freshmen and re-
alizes a clustered sample of students from selected study areas from German uni-
versities and universities of applied sciences. NEPS uses a strong multimethod ap-
proach, combining CATI, competence measures in group-testing settings (mainly
PBA but also computer-based), or online testing, as well as online questionnaires.
At the first wave more than 31,000 students were recruited using postal and per-
sonal recruitment strategies. Wave 1 started in November 2010 with a CATI in
which detailed information of roughly 18,000 college freshmen could be collected
(for Stage 7 see Aschinger et al., 2011).

« Starting Cohort 6—Adults (SC6) is concerned with lifelong learning and adult
education. The sampling procedure was complex (as a sample from 2007 could
successfully be integrated) using a register-based sampling procedure of people
born between 1944 and 1986. In odd measurement waves a mixed CATI-CAPI
interview was conducted, whereas in even measurement waves a competence test
in the respondents’ homes was administered. In measurement Wave 1—start-
ing in November 2009—a sample of about 11,500 respondents was built up;
in 2011/2012 we supplemented the sample by 5,208 newly sampled adults (for
Stage 8 see Allmendinger et al., 2011).
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The NEPS Consortium is working hard to keep sampling, data collection, data docu-
mentation, and data dissemination procedures as comparable and appropriate as pos-
sible for all six cohorts. Special challenges (e.g., groups of respondents with a high
dropout risk) are dealt with carefully.

5 Collaborative Instrument Development

In order to make the collaboration of the members of the NEPS Consortium more
convenient, it was agreed to use rather standardized instrument development and in-
strument documentation procedures and to follow jointly agreed timetables. Clear
communication procedures and responsibilities in combination with the high exper-
tise and commitment of all teams within the Consortium are prerequisites for an ef-
fective and in-time collaboration.

The internal work and the outside communication are highly structured by the
five-pillar- and eight-stages structure of the NEPS. In each main study of the NEPS,
the teams of all five pillars (Pillar 1 is responsible for the competence tests and Pil-
lars 2-5 for the questionnaires) develop tests and questions for their respective fo-
cus topic. These items are handed over to the responsible stage team. The stages add
stage-specific concepts and combine the bulk of items into a draft version of the in-
strument, thus giving a special focus to the “script” of the complete instrument. This
version is checked for length and discussed within the Consortium in several steps
of instrument improvement. Finally, all supporting materials (description of proce-
dures for approval of data protection aspects, letters and information material for
participants, and training manual for interviewers) are developed for the main NEPS
studies. These steps are supported by the Central Coordination Unit at the Leibniz
Institute for Educational Trajectories in Bamberg, which is in close contact with the
contracted data-collection institutes. It also monitors all field procedures. This team
is also responsible for public relations and incentives, corporate design, formal as-
pects in all materials, as well as data protection regulations.

6 Data Collection

All data collection within the different preliminary and pilot studies as well as the
main studies of the NEPS are conducted by two highly experienced data-collection
institutes: The Data Processing and Research Center (DPC) in Hamburg (as part of
the International Association for the Evaluation of Educational Achievement, IEA) is
responsible for all data collection within Kindergartens and within schools; the infas
Institute for Applied Social Sciences conducts all surveys in individual settings (new-
borns, school leavers, adults), as well as the parent interviews and data collection in
the freshmen cohort. To realize a panel study such as the NEPS, efficient working
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procedures have had to be developed not only between the NEPS Consortium and
the responsible data-collection institutes, but also forms of collaboration between the
two data-collection institutes themselves have had to be precisely defined. Especially
aspects relating to data protection must be handled carefully by all the involved in-
stitutions.

All NEPS data-collection procedures are clearly documented. Special emphasis is
given to a profound interviewer training, ranging from a short refresher training (of
experienced interviewers already engaged in previous NEPS studies) to an intense
several-days-training (for highly complex data-collection procedures especially in
the newborns cohort).

In NEPS, people are followed within their respective starting cohort independent
of their individual educational pathway through life. This requires effective tracking
mechanisms including checklists of participants’ status within the institutional con-
texts, address inquiry procedures by postal service, and the use of all contact infor-
mation given by the individual (including phone, mobile phone, e-mail, and postal
addresses). Especially the tracking of school leavers in SC4 has proven particularly
challenging, as individual life courses are highly plural and transitions are multiple
in this target group.

The NEPS Consortium has decided to allow for temporary dropouts of respon-
dents. Panel progression has shown that a substantial proportion of people who did
not participate in one of the NEPS waves would later reenter the NEPS in subsequent
waves. A final exclusion from the sample will thus be made in most cohorts when no
information about the target person can be gathered for at least two years.

To achieve a high quality in data collection, the survey institutes have introduced
a number of very effective measures, such as interviewer reports, direct supervision
within the CATI field, and respondents’ feedback questionnaires in the CAPI setting.
Moreover, the Quality Management team of the NEPS Consortium, as well as those
NEPS working groups that are directly involved in the respective substudy, is also
regularly engaged in shadowing—that is, observing in situ—of interviewing or test-
ing sessions with members of their own staft.

7 Data Dissemination

The NEPS is set up as an infrastructure facility for the scientific community. The pri-
mary aim is to collect and to disseminate the best possible data about educational pro-
cesses and competence development. Data are disseminated no later than 18 months
after the end of the field phase. To achieve this goal, incoming data are checked care-
fully for completeness and inconsistencies, undergo some routines of anonymization,
and are edited and documented.

All data documentation is available via the NEPS website for data users (https://
www.neps-data.de/). The information available is broken down by starting cohorts.
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Data documentation contains, among other things, instruments, data manuals, code-
books, as well as detailed information on sampling, weighting, data editing, and an-
onymization. In addition to a wealth of sophisticated written documentation, data
users are supported by an online information system with tools for searching the
NEPS instruments (NEPSplorer), an extensive user training program, as well as a tele-
phone and an e-mail-hotline.

Data of all six cohorts have already been disseminated to the scientific community.
There are three modes of data access: (1) download from the NEPS website, (2) re-
mote access technology (RemoteNEPS), and (3) on-site access. Data available in these
three modes differ in their level of anonymization. The data disseminated so far are
being used by more than 800 researchers dealing with very different research topics.
Whereas the majority of data users are still located in Germany, already a quickly in-
creasing proportion of international data users has emerged. This is possible because
all instruments and all documentation materials are also available in English.

8 Institutionalization as a Leibniz Institute

Several steps had to be taken to create a long-term perspective for the NEPS by inte-
grating the panel study into the newly founded Leibniz Institute. In July 2011, the Ba-
varian State Minister of Sciences, Research, and the Arts (Bayerischer Staatsminister
fiir Wissenschaft, Forschung und Kunst), Wolfgang Heubisch, submitted a request to
the President of the Leibniz Association (Leibniz-Gemeinschaft), Karl Ulrich Mayer,
to permanently institutionalize the NEPS under the umbrella of the Leibniz Asso-
ciation. After several further steps, the Joint Science Conference (Gemeinsame Wis-
senschaftskonferenz) then decided in April 2012 to promote the affiliation of NEPS
as a Leibniz Institute. As part of this evaluation procedure a group from the German
Council of Science and Humanities (Wissenschaftsrat) visited the NEPS Consortium
in December 2012 in order to assess the work conducted so far. Based on a very posi-
tive evaluation report—labeling the NEPS a “unique and outstanding infrastructure
facility” (Wissenschaftsrat, 2013, p. 63)—the Leibniz Association included the LIfBi
as their new member as of January 2014. Following this, all necessary formal steps
such as the formulation of rules and regulations and the entry in the local register of
associations as well as building up a self-sufficient administration department were
then successfully achieved. Also, the central committees—the Board of Trustees and
the Scientific Advisory Board)—were assigned and could meet for their first sessions.
Finally, a cooperation agreement with the University of Bamberg was put in place
and effective groups for structuring the further development of the NEPS were built
up as part of the network structure guided by a mutually approved Network Charter.
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9 Outlook

The NEPS has thus mastered its starting phase. Appropriate methods of collabora-
tion have been developed and all six starting cohorts have successfully finished their
first data-collection waves. Challenges of tracking panel participants and challenges
in building up user-friendly longitudinal data products for researchers with different
levels of methodological expertise have been faced and responded to. Due to the very
positive panel progress, data collection in all cohorts will be continued over the com-
ing years. First discussions have started to address the aspect of cohort succession.
The NEPS team is strongly committed to our joint aims and objectives. They are will-
ing and capable of solving the many different challenges associated with a dynamic
multicohort sequence design.
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Analytic Strategies for the Study of Adaptation
to Major Life Events: Making the Most
of Large-Scale Longitudinal Surveys
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Abstract

Longitudinal surveys are essential for studying developmental change across the
lifespan and have been instrumental in contributing to a better understanding of
how people change from childhood through adolescence, adulthood, and into old
age. This chapter reviews some of the strengths of longitudinal surveys for study-
ing the adaptation and self-regulation of individuals who experience major life
events across their adult lives. First, large national longitudinal surveys are high-
ly instructive and necessary in order to prospectively collect data on sufficient-
ly large sub-samples of people who are confronted with certain life events as the
survey unfolds. Second, having access to prospective data from such sub-samples
enables us to thoroughly track developmental changes in the nature, correlates,
and outcomes of adaptation and self-regulation with the experience of major life
events. Third, we discuss how multi-phase growth curve models can be used to
distinguish between pre-event changes, reaction, and adaptation in order to ex-
amine individual differences in each of these phases and to explore individual
and contextual variables that may serve as risk- or protective factors. Finally, we
consider how embedded micro-longitudinal study designs and propensity score
matching techniques may increase the advantages of panel surveys for studying
adaptation and self-regulation across adulthood. In sum, combining the strengths
of longitudinal surveys with contemporary methods of analysis can put research-
ers in a position to advance their knowledge of how life events shape developmen-
tal change trajectories across the entire lifespan.
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1 Introduction

Longitudinal surveys are essential for examining how individuals change or remain
stable over a given period of time (Baltes & Nesselroade, 1979). Longitudinal surveys
are especially important for examining the extent to which major life events (e. g., dis-
ability, spousal loss, and unemployment) may or may not influence developmental
trajectories of change across domains of functioning (Diener, Lucas, & Scollon, 2006;
Hultsch & Plemons, 1979). Major life events have been shown to come with consider-
able changes in daily routines. For example, the incidence of pathology, spousal loss,
and unemployment typically results in substantial declines in well-being (Fauth et al.,
2012; Infurna et al., 2013; Lucas, 2007). However, the effects of these events are often
not uniform. People differ in how they anticipate, deal with, and adjust to the events
(Bonanno, 2004; Carver, 1998; Infurna & Luthar, in press). Tracking individuals as
they go through such experiences enables researchers to make use of longitudinal
surveys to examine such patterns of change and the multitude of different risk- and
protective factors that contribute to heterogeneity.

Our focus in the present chapter is to highlight the utility of longitudinal surveys
for examining developmental change and adaptation in relation to the experience of
major life events. In conjunction with our aim, we focus on how the National Educa-
tional Panel Survey (NEPS) can be used to help answer research questions about the
effects of major life events on psychological adjustment. The NEPS comprises a mul-
tiple cohort (i.e., newborn, preschool, various school-age cohorts, college students,
and a wide age range of adults) large-scale (approx. total sample of 100,000) longi-
tudinal study of Germans who are assessed on an annual basis using an extensive
battery consisting of competence-related, economic, sociological, psychological, and
health information. The NEPS thus provides the opportunity to study developmental
change and adaptation to life events in each of these cohorts before, during the time
of, and after these life events happen. For example, researchers can begin to examine
employment outcomes for individuals transitioning from college to the workforce.
Furthermore, researchers are in a position to examine the long-term sequelae of ma-
jor life events that may occur in childhood and adolescence and how these sequelae
impact later developmental outcomes in adulthood. We have organized the chapter
into four sections. First, we discuss why longitudinal surveys are needed to gain ac-
cess to large samples to study subgroups of the population who experience major life
events such as disability, spousal loss, and unemployment. Second, we discuss how
longitudinal surveys allow for the thorough tracking of developmental changes be-
fore, at the time of, and after major life events, as well as of correlates and the conse-
quences of such events. Third, we highlight how we can capitalize on the flexibility of
multi-phase models of change to better understand the different processes underly-
ing the anticipation, reaction, and adaptation to an event. Our fourth and final sec-
tion foreshadows how incorporating micro-longitudinal study designs within longi-
tudinal surveys can enable the further understanding of the mechanisms involved in
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the adaptation to major life events and how advances in contemporary methodology,
such as propensity score matching procedures, can be used as a methodological tool
to advance our understanding of change in relation to major life events.

2  Longitudinal Surveys and Sample Size

Major life events can be broadly defined as internal or external occurrences that sig-
nify a qualitative shift or role transformation in one’ life (Frederick & Loewenstein,
1999; Diener et al., 1999; Hultsch & Plemons, 1979). For example, a more controlla-
ble role transformation would be getting married, experiencing childbirth, or start-
ing a career, whereas a less controllable role transformation would be suffering from
a threatening health event or becoming unemployed. Experiencing a major life event
can result in a wide range of responses or changes across a variety of domains of
functioning. Well-being is one of the most studied domains for examining change in
relation to major life events, and its pattern of change typically consists of multiple
phases: reaction and adaptation. The reaction phase refers to changes in the time sur-
rounding the life event (which could be months or years). For example, individuals
typically experience a substantial drop in well-being with spousal loss (Lucas et al.,
2003), whereas positive life events, such as marriage or childbirth, are associated with
an increase or boost in well-being (Diener et al., 2006; Lucas, 2007). The phase fol-
lowing the reaction to a major life event is called adaptation. In the context of major
life events, adaptation broadly refers to whether or not an individual returns to his or
her previous level of functioning after he or she has experienced the event (Frederick
& Loewenstein, 1999). For example, unemployment typically results in sustained low-
er levels of well-being as compared with the years prior to unemployment (Lucas,
2007). Furthermore, the initial decrease in well-being during the time surrounding
spousal loss (reaction) is typically followed by the return of well-being levels to previ-
ous levels after several years (Lucas et al., 2003). We note that our description of well-
being change in relation to major life events mainly focuses on the model-implied
(average) pattern of change of reaction and adaptation. However, there are large be-
tween-person differences in reaction and adaptation such that individuals may follow
different pathways of change in relation to major life events. For example, Bonnano
(2004) explains that individuals may follow four different trajectories (i.e., resilient,
chronic, delayed, or recovered), with most individuals being resilient and not experi-
encing any (lasting) changes in functioning associated with the major life event (for
discussion, see Infurna & Luthar, in press).

We next assert that longitudinal surveys are an essential tool for studying devel-
opmental change and adaptation to major life events across domains of functioning.
We use spousal loss as an example throughout this chapter to illustrate this point. Our
concentration on spousal loss is due to its status as one of the most stressful and det-
rimental events that could occur in someone’s life (Holmes & Rahe, 1967). This focus
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also provides the opportunity to discuss in more detail how longitudinal surveys can
be used to study developmental change and adaptation to major life events.

The ultimate goal when studying major life events is to examine how they impact
functioning in the time leading up to, surrounding, and following event occurrence.
There are several advantages of longitudinal surveys for studying developmental
change and adaptation in relation to major life events. First, interdisciplinary longi-
tudinal surveys assess relatively large samples of participants repeatedly, which allows
researchers to identify segments of the population that have experienced a major life
event. For example, the incidence rate of widowhood for men and women across the
entire lifespan in the United States is 3.5 and 7.8 per 1,000 individuals, respectively
(Elliott & Simmons, 2011; Lee, 2002; Spraggins, 2003). Second, longitudinal surveys
repeatedly assess participants at a regular interval, which enables the examination of
how participants develop and change prior to, surrounding, and following a major life
event. This examination is critical because unlike experimental conditions in which
there are typically two groups, namely control and experimental, researchers cannot
require participants in a study to experience an event such as spousal loss. Therefore,
longitudinal surveys provide the opportunity and flexibility to study “natural experi-
ments” by identifying these events that naturally occur in the life course and isolating
the various components of change that may occur. Third, examining developmen-
tal change processes in relation to major life events permits targeting the “stressful”
times in which individuals’ reactive and regulatory systems are in action, that is the
times during which individual differences in how these systems function will stand
out (Gerstorf & Ram, 2012; Hultsch & Plemons, 1979). As such, natural events pro-
vide unique opportunities to study the mechanisms underlying successful develop-
ment (Rutter, 2007). For example, losing a spouse is a devastating event that can lead
to dramatic changes in one’s well-being and health. Research on this transition can
shed light on factors that contribute to adjustment, recovery, and even growth. For
example, supportive social relationships, one’s ability to fulfill personal and social re-
sponsibilities, and the capacity for positive emotions and generative experiences are
typically associated with resilience when confronted with major life events (Bonanno
et al., 2002, 2004; Frederickson et al., 2003). Therefore, it is of utmost importance to
be in a position to study not only average change, but also what some of the risk- and
protective factors that moderate these changes are.

3  Prospective Tracking of Developmental Change

Longitudinal surveys allow for the identification of individuals who have experi-
enced specific major life events. Once individuals who have experienced the major
life event of interest have been identified, we can then examine how particular do-
mains of functioning change in relation to event occurrence. The yearly assessments
as implemented in surveys like the NEPS enable the capturing of anticipatory and re-
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sponsive changes to life events as they unfold and allow data availability on the date
of the event to have information on the amount of time that has elapsed (for discus-
sion, see Uglanova & Staudinger, 2012). For example, empirical evidence suggests
that well-being is relatively stable across adulthood and old age (Charles et al., 2001).
Research in the past decade has shown that well-being change in adulthood and old
age may be driven by processes beyond that of chronological age, such as major life
events (Diener et al., 2006; Lucas, 2007).

More specifically, aligning individuals in relation to a major life event allows
researchers to examine the nature of change and the consequences of such events.
When examining change in relation to major life events, we are interested in exam-
ining change in the time leading up to, surrounding, and following the experience of
spousal loss, as well as long-term outcomes thereof (e. g., mortality, incidence of dis-
ease). The repeated assessments can help researchers distinguish the defined com-
ponents of change. For spousal loss, we are interested in defining and distinguishing
between anticipation, reaction, and adaptation. The time leading up to spousal loss
can be represented by an anticipatory period characterized by stability or declines in
well-being. Changes (e. g., declines in well-being) during the anticipation phase can
be considered an active process that may help individuals cope with the impending
loss of their loved one or, in contrast, be indicative of a loss of resources and an inabil-
ity for emotional regulation (Heckhausen, Wrosch, & Schulz, 2010; Kastenbaum &
Costa, 1977). The reaction period refers to one’s changes in well-being at the time sur-
rounding spousal loss. Are individuals able to maintain their levels of functioning
despite the devastating experience of spousal loss, or does this loss result in a pre-
cipitous drop (Uglanova & Staudinger, 2012)? The time following spousal loss is re-
ferred to as the adaptation period. This phase examines whether individuals are able
to return back to levels of functioning that are similar to those several years prior to
spousal loss (Lucas, 2007). Lastly, we can target long-term outcomes of the major life
event, such as mortality following spousal loss. Several studies have shown that spou-
sal loss is predictive of physical health declines and mortality (Elwert & Christakis,
2008; Mendes de Leon, Kasl, & Jacobs, 1993; Schulz & Beach, 1999; Stroebe, Schut, &
Stroebe, 2007). The continuous tracking of participants in longitudinal surveys en-
ables researchers to examine the long-term consequences of poor adaptation to a
major life event. For example, sorrow after the loss of a loved one may not be associ-
ated with mortality (reaction), but failure to return to a normal emotional life after
a certain period of time (adaptation) may be detrimental and increase one’s mortal-
ity hazard.

Not all individuals exhibit the same pattern of well-being change with spousal
loss, and in fact, there are large between-person differences in how individuals react
and adapt to life-altering events (Carver, 1998; Wortman & Silver, 1989). For exam-
ple, Bonanno (2004) suggests that most individuals are resilient and able to adapt by
recovering relatively quickly or even maintaining their pre-loss well-being, whereas
other individuals experience steep loss-related declines in well-being and are only
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able to adapt slowly (for discussion, see Infurna & Luthar, in press). Reasons for het-
erogeneity in trajectories of change following major life events include situational and
individual factors (Bonanno, 2004; Carver, 1998; Hultsch & Plemons, 1979), which
may have differing roles depending on the phase. For example, older age and greater
health problems of the spouse may result in stronger well-being declines in the years
preceding spousal loss (anticipation) because spousal loss may be considered an ex-
pected event with anticipatory declines being instrumental for adaptation in the fol-
lowing years (Jopp & Smith, 2006; Schulz et al., 2003). During the time surrounding
spousal loss (reaction), social network integration and supportive relationships may
serve to protect against the negative impact of the stress of losing a spouse because
people have a larger pool of individuals to go to, which may help with coping and
protect against well-being declines (Bonanno, 2004; Cohen & Wills, 1985). Follow-
ing spousal loss, educational attainment may lead to better adaptation through the
knowledge and use of adaptive and compensatory strategies (Adler et al., 1994).
There is much to be gained from using longitudinal surveys to examine develop-
mental change and adaptation in relation to major life events. First, researchers are
able to compare and contrast the magnitude of effects major life events have on par-
ticular domains of functioning. Up to this point, most of the research has focused
on well-being change in relation to major life events. However, whether the pattern
of change is similar across psychological factors, such as goal (dis)engagement strat-
egies as well as cognition and health, remains an open question. For example, does
spousal loss only result in substantial declines in well-being and not in cognitive
functioning? Compared across major life events, could events centered around pa-
thology (e.g., disability) have a greater impact beyond the well-being domain and
influence cognition and health in contrast to events centered on work or family that
may only impact the well-being domain? Future research will be able to disentangle
such propositions by examining whether the eventual onset of the life event drives
the change and whether the levels and rates of change in the years preceding have im-
plications for the eventual onset of such events. Second, researchers can pinpoint the
time in relation to the major life event that is most stressful for the individual and
which areas of functioning are at their limits. This has intervention implications for
helping to maintain one’s levels of functioning in times of great disruption (Rae et al.,
2010). For example, interventions that focus on positive activities, such as cultivating
one’s strengths, visualizing an ideal future self, and performing kind acts, are shown
to boost one’s well-being (for discussion, see Lyubomirsky & Layous, 2013). Lastly, it
is important to examine not only how levels of functioning differ following a major
life event as compared with prior, but also whether the rate of change is affected. We
have found that depressive symptoms show shallower increases in the years following
cancer diagnoses as compared with the years leading up to cancer diagnosis (Infurna
et al., 2013). The developmental rate of change leading up to a major life event, such
as a cancer diagnosis, may be indicative of an eventual underlying pathology that will
lead to an increased risk for pathology incidence. Not only can one’s absolute levels
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of functioning be altered by a particular life event, but the event could subsequently
put an individual on a positive or negative trajectory of change. Change in the devel-
opmental rate following a life event, such as spousal loss or cancer diagnosis, could
be indicative of individuals’ seeking out support or using ambulatory care that results
in less steep declines in domains of functioning. Future research bears the burden of
examining such notions further and discovering what the implications of an altered
rate of change for outcomes following the particular life event are.

4  Multi-phase Growth Models

In the previous sections, we detailed how longitudinal surveys are instrumental for
studying developmental change in relation to major life events. These research stud-
ies often need large-enough sample sizes and the specified measures of interest to ex-
amine the nature and correlates of change in relation to major life events. This next
section focuses on how analytical models, particularly multi-phase growth models
(McArdle & Nesselroade, 2003; Ram & Grimm, 2007; Singer & Willett, 2003), can be
used to answer our research questions and hypotheses. As we have discussed, when
individuals are confronted with major life events, one would expect that different
phases can be distinguished and that different sorts of risk- and protective factors play
a role in these phases. In the case of examining developmental change in relation to
spousal loss, phases to be distinguished include anticipation (i. e., time prior to spou-
sal loss), reaction (i.e., time surrounding spousal loss), and adaptation (i. e., time fol-
lowing spousal loss). For example, low perceived control may protect against well-be-
ing declines with spousal loss because it indicates an acknowledgement that spousal
loss is due to factors beyond one’s own control; conversely, high perceived control fol-
lowing spousal loss may lead to better adaptation through individuals’ engagement in
the proper coping and goal-engagement strategies (Skinner, 1995). Using advanced
methods such as multi-phase growth models, we can indeed model whether (differ-
ent constellations of) perceptions of control moderate changes in well-being in rela-
tion to major life events using a large-sample and frequent-assessment dataset such
as the NEPS and thereby arrive at a better understanding of the phenomena we are
interested in.

Multi-phase growth curve analysis comprises a flexible set of models that allow
researchers to isolate particular components along a time series when examining
change in relation to major life events (McArdle & Nesselroade, 2003; Ram & Grimm,
2007; Singer & Willett, 2003). Figure 1 graphically illustrates how such a model can be
used to distinguish the components involved in how the outcome of interest chang-
es in relation to the major life events of anticipation, reaction, and adaptation. Part A
of Figure 1 displays how levels and rates of change in the outcome may vary several
years prior to event incidence (anticipation). Anticipation can be broadly assessed as
change in the years leading up to the major life event. In the case of widowhood, an-
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Figure 1 lllustrating the components or phases of developmental change in relation to major
life events. These three components include anticipation (A), reaction (B), and adaptation (C).
Anticipation refers to individuals'levels and rates of change in functioning prior to the major life
event (A). The reaction phase refers to how individuals may display differential rates of change
with the incidence of the major life event (B). Lastly, differential levels and rates of change may
be exhibited in the years following the major life event, which is referred to as adaptation (C).
Each line in Figure 1 displays a hypothetical trajectory of change for individuals who experience

spousal loss.
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ticipatory changes in well-being may begin up to several years prior to spousal loss,
possibly due to the worsening health of the dying spouse. Part B of Figure 1 graphi-
cally illustrates the reaction phase and how change may take different forms with life
event incidence as well as that this may differ across individuals. The reaction phase is
typically quantified as the time surrounding the life event (i. e., during the year when
the event occurred). For methodological reasons, this is typically defined as the dif-
ference in well-being or another outcome between the wave immediately prior to the
event and the wave when the event was first observed or reported. This explains why
reaction appears to refer to something that happens before the event (i. e., between -1
and 0). However, identifying the date or month of the event permits moving towards
having more nuanced approaches for studying reactions to major life events through
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examining change via monthly intervals (see Uglanova & Staudinger, 2012). Lastly,
Part C of Figure 1 illustrates how individuals show differential level and change in
the years following event incidence. Adaptation for some individuals may be imme-
diate (one year) or take several years for others. Adaptation may take different forms:
(a) whether individuals’ levels of functioning in the years following the life event will
return back to prior levels and (b) how individuals’ rates of change following the
event may or may not be similar to those in the years leading up to the life event. For
example, anticipatory declines in well-being leading up to spousal loss may result
in individuals’ being able to better adapt and show stronger increases in well-being in
the years following widowhood.

The components of the multi-phase growth model shown in Figure 1 can be used
to answer research questions regarding developmental change and adaptation in re-
lation to major life events. As a first step, we can model the average trajectory of
change in relation to the event of interest. Furthermore, by estimating variance in
each of the growth components, we can determine whether there are between-person
differences. Second, researchers may be interested in examining whether between-
person difference factors, such as socio-demographic, cognition, and physical health
factors, moderate such associations. The lines in Figure 1 represent trajectories for
hypothetical participants and, in particular, that there can be a great deal of heteroge-
neity in how individuals anticipate, react to, and adapt to life-altering events (Carver,
1998; Infurna & Luthar, in press; Wortman & Silver, 1989). This is indeed the case
with spousal loss such that not all individuals exhibit the same pattern of well-being
change in relation to spousal loss. The task would be to examine whether various
risk- and protective factors, such as social support or coping strategies, buffer against
declines in the time surrounding the major life event and better adaptation in the
time that follows. This would be done, for example, by inserting social support into
the model as a moderator of well-being change during the anticipation and adapta-
tion phases.

5 Implications for the National Educational Panel Study (NEPS)

The NEPS offers various opportunities for tracking developmental change and adap-
tation in relation to major life events. First and foremost, the design of the NEPS al-
lows for addressing research questions centered on major life events from the initia-
tion of the study. Beginning with the second wave, researchers can use the NEPS to
examine change following major life events, such as spousal loss or the incidence of
disease, through annual observations across domains of functioning. The NEPS can
be used, for example, to examine whether goal engagement or disengagement strate-
gies are best for optimizing well-being following spousal loss. Furthermore, do goal
(dis)engagement strategies display similar associations on developmental outcomes
in the context of major life events at different phases of the lifespan? Second, the
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NEPS surveys participants from the entire lifespan, that is infancy through old age,
which opens up the opportunity to study the impact of major life events that are more
likely to occur in specific areas of the lifespan and compare their effects depending on
one’s own point in the lifespan. For example, researchers using the NEPS will be in a
position to compare and contrast the effects of spousal loss for a period of the lifes-
pan when it would be atypical (i. e., young adulthood and midlife) to typical (i.e., old
age). Spousal loss in young adulthood and midlife could be associated with more sub-
stantial drops in well-being due to its being considered an “off-time” event as com-
pared with old age, at which point it is considered an “on-time” event (Neurgarten &
Hagestad, 1976). Thinking more broadly beyond just spousal loss, the NEPS can help
examine whether the timing of major life events plays a role in shaping developmen-
tal change across the lifespan. Thus, the lifespan nature of the NEPS puts researchers
in the unique position of studying major life events from across the entire lifespan
and investigating their implications for developmental change and adaptation, such
as the transition from school to the work force, unemployment, retirement, marital
transitions, and the onset of disease.

Another advantage of the lifespan sample of the NEPS is the ability to assess
whether (or not) life events have cumulative effects across the entire lifespan, effec-
tively allowing researchers to move more towards a prospective approach. For exam-
ple, empirical evidence suggests that psychological stress in childhood is associated
with an increased susceptibility to chronic disease in old age (Miller, Chen, & Parker,
2011). The longitudinal design of the NEPS allows for more specifically examining
how early life events, such as psychological stress in childhood, transpire over time to
affect development in adulthood through possible psychosocial and biological mech-
anisms that may underlie these associations. For example, child maltreatment may be
linked to adult mental and physical health problems via emotion processing and risky
health behavior (Infurna, Rivers, Reich, & Zautra, 2015; Miller et al., 2011; Repetti,
Taylor, & Seeman, 2002).

Third, previous research has largely centered on well-being change in relation to
spousal loss and more generally to major life events. The extensive assessment battery
of the NEPS allows researchers to take a multivariate approach by examining how
other components may or may not be affected by the major life event and also allows
them to target mediators and moderators of change in prominent areas, such as well-
being. For example, how are motivational processes of primary and secondary con-
trol strategies, such as goal engagement, affected by spousal loss (e.g., Heckhausen
et al., 2010)? It could be expected that spousal loss would result in an initial decline
in goal engagement strategies and an increase in goal re-engagement strategies as in-
dividuals turn their focus to more attainable goals. This, especially, could be the case
when the surviving spouse may have been involved in caregiving-related activities.
Examining change in psychosocial constructs with major life events can lead to me-
diation analyses aimed at their role in accounting for well-being change. For example,
declines in well-being with spousal loss could be due to or accounted for by the loss
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of emotional support from one’s network or a change in goal engagement strategies.
Lastly, the extensive psychosocial battery can be used to examine various risk- and
protective factors that moderate change or adjustment with major life events. For ex-
ample, do perceptions of control and social support provide an additive or multiplica-
tive effect for increasing one€’s likelihood for adaptation following widowhood?

6 Future Directions

This final section discusses future directions that can be used to more thoroughly ex-
amine the extent to which domains of functioning change in relation to major life
events. In particular, we discuss propensity score matching procedures as a statistical
method of analysis to further our understanding of how major life events influence
developmental trajectories of change. We also concentrate on how the incorporation
of micro-longitudinal designs (e. g., measurement-burst designs) within the context
of macro-longitudinal studies of change can complement and allow for taking a more
process-oriented approach to studying the underlying mechanisms and pathways.

Propensity score matching is a class of methods in which the objective is to create
a case-matched “control” group to compare with the “treatment” group (Rubin, 1974).
This technique is a way to move towards making potentially causal inferences with
observational data and has largely been used in prevention and intervention research.
Moreover, it has recently been incorporated in psychological research (Foster, 2010;
Rutter, 2007; Stuart, 2010). The relevance for major life events would be the creation
of a “control” group to compare with participants who have experienced a particular
life event in order to examine whether there are differences in the levels and rates of
change in the outcome of interest. The objective would be to move towards determin-
ing whether a particular life event may “cause” developmental changes in particular
areas of functioning.

This procedure would consist of two steps. First, researchers would need to iden-
tify covariates, or factors by which to identify participants to include in the control
group. Covariates would need to be selected based on how likely they would be to
be associated with the treatment condition or major life event. For example, socio-
demographic and behavioral factors are typically associated with disease incidence;
therefore, these factors would be essential to include as covariates to ensure that the
two groups would be similar on these factors prior to conducting further analyses.
The selected covariates would then be used to estimate a propensity score using logis-
tic regression to indicate the likelihood of an individual’s being assigned to the treat-
ment condition (i.e., major life event; Stuart, 2010). In the second step, participants
who had experienced the major life event would then be matched to participants who
had not experienced the major life event based on the propensity score, which would
represent the predicted likelihood of being assigned to the treatment or major life
event group. Once a “control” group had been determined, the next step would be to
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conduct analyses to examine whether there were differences in the levels and rates
of change in the outcome of interest between the two groups. For example, had indi-
viduals who had experienced spousal loss already exhibited lower levels of and steep
drops in well-being in the years leading up to spousal loss? Focusing on the transi-
tion from adolescence to young adulthood, Jackson and colleagues (2012) utilized
propensity score matching to create two groups of participants in Germany who did
or did not experience military training. In comparing these two groups, they found
that military training resulted in lower levels of agreeableness. Further, highly infor-
mative applications of propensity score matching techniques are readily available in
the literature (e. g., Gerstorf et al., 2015).

Macro-longitudinal studies allow for examining developmental change over years
or decades. For example, multiple longitudinal surveys have shown that well-being
remains relatively stable across the adult lifespan, even into older ages (Charles et al.,
2001; Mroczek & Spiro, 2005). These designs allow researchers to gain insight into
the long-term course of development and, as we have discussed in this chapter, de-
velopmental change and adaptation in relation to major life events. However, lon-
gitudinal surveys are limited in their ability to discern the underlying mechanisms
driving change. To obtain the necessary data, longitudinal studies may look to em-
bed micro-longitudinal or measurement-burst designs within the macro-longitudi-
nal design (for discussion, see Nesselroade, 1991; Ram & Gerstorf, 2009). At the mi-
cro-time scale, researchers obtain multiple reports or assessments over a relatively
short span of time (e.g., hours, days) via a diary, ecological momentary assessment,
or ambulatory procedures (Bolger et al., 2003; Hoppmann & Riediger, 2009; Sliwinski,
2008). This enables the examination of individuals in the daily context and the pro-
curement of reports of stressors, emotions, behaviors, and physiological indicators
that can be linked to longitudinal change. Furthermore, measurement-burst designs
can help distinguish among intra-individual change and variability that may occur at
different time scales (for discussion, see Sliwinski, 2008). When combined with data
from longitudinal studies assessing change over years or decades, this can shed light
on mechanisms of developmental change (Gerstorf, Hoppmann, & Ram, 2014). For
example, Ram and colleagues (2011) found that cognitive aging over approximately
13 years of time was associated with greater cognitive plasticity, less cardiovascular
lability, and less emotional diversity over a two-week period in older adults. Embed-
ding this sort of design in longitudinal studies more regularly can provide the oppor-
tunity to examine daily functioning both prior to and following major life events. In
the specific case of spousal loss, research has been able to study risk- and protective
factors associated with well-being change following event occurrence. For example,
Ong and colleagues (2005) observed that reporting more daily control was linked to
less daily anxiety and buffered against the impact of stressors on well-being in a sam-
ple of recently bereaved persons.
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7 Conclusion

Longitudinal surveys are essential for studying and examining developmental change
across the lifespan. In this chapter, we have discussed the advantages of longitudinal
surveys for examining developmental change and adaptation in relation to major life
events. Our discussion additionally focused on how major life events can be studied
in the NEPS. The NEPS offers many fruitful avenues to examine how major life events
may or may not shape developmental change across the lifespan. First, large-scale
longitudinal surveys are essential tools for capturing sufficiently large sub-samples of
individuals who are confronted with certain life events as the study unfolds. Second,
prospective data from longitudinal surveys allows researchers to prospectively assess
developmental change and adaptation in relation to major life events. Third, multi-
phase growth models can be used to distinguish between the components of level and
rate of change with the experience of major life events. Fourth, future research could
examine further components of developmental change and adaptation via the utiliza-
tion of micro-longitudinal designs and propensity score matching methods.
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Weighting Panel Cohorts in Institutional Contexts

Hans Walter Steinhauer and Sabine Zinn and Christian ABmann

Abstract

The National Educational Panel Study (NEPS) surveys and tests, next to adults, un-
dergraduates, and newborns, Kindergarten children and students within their in-
stitutional contexts. Individuals who decided to participate in the panel study can
refuse participation in specific waves or drop out completely. Weighting adjust-
ments are usually applied to account for nonparticipation. Within the institution-
al cohorts of the NEPS, these adjustments take clustering at the institutional lev-
el into account. In NEPS, information on children is enriched by interviews with
their parents. Thus, dealing with two distinct but possibly interdependent partici-
pation decisions has to be regarded by a joint modeling approach. The results of
models analyzing the participation propensity provide insights concerning factors
influencing the participation probability. In general, few potential determinants
affect participation decisions. These include place of residence, language spoken at
home, age, and having missing values in personal or migration-related character-
istics. For later waves the participation status of the previous wave has proved to
be a good predictor. Moreover, being surveyed and tested within the institutional
context positively influences participation decisions.

1 Introduction

Longitudinal studies aim to survey the same individuals over time. In the beginning,
an initial sample is drawn. This initial sample reduces in size for different reasons,
yielding the set of individuals finally surveyed. Lepkowski and Couper (2002) as-
sign this loss of individuals to different nonresponse processes. First, unit nonre-
sponse is caused by unwillingness to participate in the panel study. Second, among
those willing to participate in the panel study there are further processes leading to
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unit nonresponse reducing the sample size over time. These include failure to trace
persons from one wave to another as well as not being able to contact persons, and
finally, refusal to further participate in future waves of a panel study. Because not all
of these nonresponse processes reducing the sample size occur at random, there is
potential for selection bias. This potential bias can be encountered by weighting ad-
justments. Weighting adjustments accounting for unit nonresponse are referred to
as sample weighting adjustments (Kalton & Kasprzyk, 1986). In panel studies these
are applied first, to correct for nonparticipation within the initial sample, and second,
for wave-specific unit nonresponse within the panel cohort. Moreover, weights can
be adjusted in a way that weighted estimates and distributions confirm with known
population parameters and distributions, where this adjustment is referred to as pop-
ulation weighting adjustment (Kalton & Kasprzyk, 1986). Methods used in popula-
tion weighting adjustments aim to correct for potential bias due to incomplete cover-
age or noncoverage of the population and sampling error (Brick, 2013). Both, sample
and population weighting adjustments—although reducing bias—usually result in an
increased variability of weights; thereby lowering the precision of survey estimates
(Kalton & Flores-Cervantes, 2003; Valliant, 2004).

Within the National Educational Panel Study (NEPS), among other things, sam-
ples of children were drawn for starting cohorts focusing on children in Kindergar-
ten institutions (SC2), on students in Grade 5 (SC3), and on students in Grade 9 also
referred to as SC4 (Blossfeld, Rof3bach, & von Maurice, 2011). For the initial sample
of these three cohorts, panel consent was asked for in advance of the first wave survey.
Children willing to participate and providing valid consent forms constitute the pan-
el cohorts of SC2, SC3, and SC4. Detailed information on sample weighting adjust-
ments correcting for the unwillingness to participate in the panel study among the
initial sample is given in Steinhauer, Aflmann, Zinn, Gof8mann, and Réssler (2015).

The sample weighting adjustments for unit nonresponse among the panel cohorts
of SC2, SC3, and SC4 for Wave 1 and Wave 2 are the focus of this chapter. In advance
of the survey a parent has to give permission for the child or the student (if not of le-
gal age) to take part in SC2, SC3, or SC4. Together with the permission for their child,
the parent is asked to participate him- or herself as well. After initial panel consent
has been given, each member of the panel cohorts can either participate in future
waves or not. In sum, there are three possible participation statuses, namely: partici-
pant, temporary dropout, and final dropout. Children and students taking part in the
survey or the test are considered as participants. Children and students explicitly re-
fusing participation in the current and all following waves or their parents withdraw-
ing panel consent are considered as final dropouts.’ Children and students who, for
whatever reason, do not show up at the day of testing and surveying are considered
as temporary drops.

1 Besides that, the NEPS basically considers children and students as final dropouts if no information,
from whatever source, is available on the children or the students for a period longer than two years.
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Figure 1 Participation patterns for panel cohort members

Panel cohort
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~
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Figure 1 shows the possible pathways of panel cohort members through the first
two waves. Children and students in the panel cohort can participate in Wave 1 or
not. Those that decide to participate form the group of participants in Wave 1. Those
that do not participate can be distinguished further into two groups. First, children
and students refusing further participation completely, or parents withdrawing their
child’s panel consent make up the group of final dropouts. Lastly, the group of tempo-
rary dropouts consists of children and students not participating in Wave 1 but gen-
erally willing to participate in future waves. All those children and students who have
not been defined as final dropouts in Wave 1 form the panel cohort for Wave 2. Again,
each panel cohort member can participate in the second wave or not. Thus, partici-
pants and temporary dropouts from Wave 1 can either remain as such or change their
status. Final dropouts are not contacted again in successive waves. Figure 1 also il-
lustrates that the number of combinations of different participation statuses increases
rapidly with each wave.

As already mentioned, failure to trace or not being able to contact persons drives
up unit nonresponse within the panel cohort. Typically children and students sur-
veyed in an institutional context drop out very rarely, see Table 1. Hence, here non-
response is not such an issue as it is when children and students have left their insti-
tutional context. In the NEPS, these children and students are tracked individually.
Students and children also end up in individual tracking if an institution refuses to
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further cooperate with the study. Children and students who are individually tracked
are surveyed by sending the test instruments and questionnaires to their homes.
Clearly, such a process leads to lower response rates than the corresponding surveys
conducted in the institutional context.

Moreover, surveying and testing of Kindergarten children in SC2 and students of
SC3 and SC4 is accompanied by collecting additional information from other per-
sons. That is, NEPS adopts a multi-informant perspective. Persons additionally sur-
veyed include educators, teachers, institution heads, and one parent. In advance of
the Wave 1 survey parents had to provide consent to the participation of their chil-
dren. At the same time they were asked if they themselves would like to participate in
the survey. Parents willing to participate in the panel study together with their child
provide information on the family and social background. This information is col-
lected in a computer-assisted telephone interview (CATI). The number of individuals
and their parents participating together is usually smaller than the number of partici-
pating individuals. This is because not all parents are willing to take part in the sur-
vey. The decision process described in Figure 1 applies to all parents who are willing
to partake in the panel, too.

2 Data

The numbers corresponding to the different participation patterns of panel cohort
members illustrated in Figure 1 are displayed in Table 1. The table gives the num-
bers of participants, temporary dropouts, and final dropouts for SC2, SC3, and SC4
categorized by the participation status in Wave 1 and Wave 2. The majority of panel
cohort members participates in both waves and only a small percentage drops out in
one of the two waves. In SC2, 91 % of the children participate in both waves.? Simi-
larly, in SC3 and SC4, 90 % and 93 % of the students participate in both waves.’ The
proportion of temporary dropouts is generally very small over all of the three co-
horts and is below 1 %. So far, final dropouts have only occurred in Wave 2 of SC3.
All together, these figures indicate persistent panel cohorts. To account for unit non-
response in the panel cohorts, wave-specific weights for children and students are
provided corresponding to the groups of participants displayed in Table 1. We pro-
vide two kinds of weights. Cross-sectional weights for individuals participating in a
specific wave and longitudinal weights for individuals participating in each wave. For
example, for SC3, we provide cross-sectional weights for the 5,774 students partici-
pating in Wave 1 (w_t1) and for the 5,790 students participating in Wave 2 (w_t2).

2 InSC2, Wave 1 was conducted between January and October 2011 and Wave 2 between January and
May 2012.

3 In SC3, Wave 1 was conducted between November 2010 and January 2011 and Wave 2 in the same
months one year later. Wave 1 of SC4 was conducted between November 2010 and January 2011 and
Wave 2 between May and July 2011.
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Table 1 Participation status of individuals by starting cohort and wave

Wave 2

Wave 1 Participant Temporary dropout  Final dropout Total

SC2—Kindergarten children

Participant 2,739 232 0 2,971
Temporary dropout 24 1 0 25
Final dropout 0 0 0 0
Total 2,763 233 0 2,996

SC3—Grade 5 students

Participant 5,473 287 14 5,774
Temporary dropout 317 21 0 338
Final dropout 0 0 0 0
Total 5,790 308 14 6,112

SC4—Grade 9 students

Participant 15,308 321 0 15,629
Temporary dropout 709 87 0 796
Final dropout 0 0 0 0
Total 16,017 408 0 16,425

Note: The data in the table is based on the Scientific Use File versions DOI:10.5157/NEPS:5C2:2.0.0, DOI:10.5157/
NEPS:SC3:2.0.0, and DOI:10.5157/NEPS:SC4:1.1.0.

Longitudinal weights are provided for the 5,473 students participating in Wave 1 as
well as in Wave 2 of SC3 (w_t12).

Because surveying and testing children and students is accompanied by a CATI
with one parent there is an additional participation decision; the participation deci-
sion of that parent. To account for this additional decision, we provide weights for
the group of children or students jointly participating with a parent. For SC2 and SC3,
Wave 1 and Wave 2, there is a separate interview with the parents in each wave.* In
contrast, there is only one interview with a parent in SC4.” This CATI is carried out
between Wave 1 and Wave 2, because the two waves were conducted within one year.

4 The CATI in Wave 1 of SC2 was conducted during April and December 2011.Wave 2 interviews were
conducted during February and May 2012. In SC3, the CATI in Wave 1 was conducted between Jan-
uary and July 2011 and in Wave 2 between February and May 2012.

5 This CATI was carried out during January and July 2011.
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Thus, this single decision process of a parent to participate is used to provide weights
for Wave 1 and Wave 2 for students and parents jointly participating in SC4.

Table 2 gives the numbers for the different joint participation statuses of children
and students as well as of their parents. In SC2, most of the parents participate to-
gether with their children—in sum 78 % in Wave 1. In comparison, the number of
parents and students participating together in SC3 is lower: 65% of the parents par-
ticipated together with their children in Wave 1 and 61 % in Wave 2. Compared to
this, 54 % of the students and parents in SC4 participated together in Wave 1 and 55 %
in Wave 2.°

Wave-specific weights provided for individuals and parents are based on the dif-
ferent groups displayed in Table 2. For couples of children and parents, we again pro-
vide two sets of weights—cross-sectional and longitudinal weights. For example, we
provide cross-sectional weights for the 3,974 students and parents of SC3 participat-
ing jointly in Wave 1 (w_tp1), and for the 3,727 couples of students and parents joint-
ly participating in Wave 2 (w_tp2). Longitudinal weights are provided for the 3,417
students and parents participating jointly in Wave 1 and Wave 2 of SC3 (w_tp12).

In order to reduce bias and not to inflate the variance of the estimates of a weight-
ed analysis too much, variables in nonresponse adjustments should be related to the
participation propensity as well as to the variables that are of interest for the subject
studied (Little & Vartivarian, 2005). It is often hard to meet both criteria at the same
time. This is mainly because of two reasons. First, many surveys are multipurpose
surveys, which makes it hard to cover all possible variables of interest. Second, the set
of variables available for participants and nonparticipants is usually sparse (Kreuter
& Olson, 2011). An ongoing panel study has the advantage of generating new infor-
mation for the panel cohort with additional waves. Hence, we can address the second
problem (at least partly) by basing our models on the most current information avail-
able. Such processing may lead to different values of variables used for nonresponse
adjustments and thus to different values of the same weight for different versions of
Scientific Use Files.”

To model the participation propensity of children and students (and their par-
ents), we use variables that are available throughout all cohorts and waves. These in-
clude gender (male and female), age group® (younger half and older half of the cohort),
as well as language spoken at home (German and Non-German). For SC2, we further
consider the children’s place of residence (with both parents and with one parent or
others). For SC3 and SC4 further variables include migration background (Turkish

6 The reported numbers of final dropouts among parents correspond throughout all three starting co-
horts to those parents who refused (further) panel participation prior to the survey and to those ones
who refused (further) participation during an interview.

7  For example, the values of the weight w_t1 might slightly differ between SUF version 1.0.0 and 2.0.0
because new information became available and was used to update w_t1 after Wave 2.

8 The age of an individual is computed using month and year of birth. The cohort sample is then split
into a younger and an older half according to the median age of the entire cohort sample.
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Table 2 Joint participation statuses of individuals and parents by starting cohort and wave

Parents
Students Participant Temporary dropout  Final dropout Total
SC2—Wave 1
Participant 2,322 448 201 2,971
Temporary dropout 18 4 3 25
Final dropout 0 0 0 0
Total 2,340 452 204 2,996
SC3—Wave 1
Participant 3,974 462 1,338 5,774
Temporary dropout 177 28 133 338
Final dropout 0 0 0 0
Total 4,151 490 1,471 6,112
SC3—Wave 2
Participant 3,727 636 1,427 5,790
Temporary dropout 92 104 112 308
Final dropout 1 2 11 4
Total 3,820 742 1,550 6,112
SC4—Wave 1
Participant 8,813 1,448 5,368 15,629
Temporary dropout 360 70 366 796
Final dropout 0 0 0 0
Total 9,173 1,518 5,734 16,425
SC4—Wave 2
Participant 9,010 1,443 5,564 16,017
Temporary dropout 163 75 170 408
Final dropout 0 0 0 0
Total 9,173 1,518 5,734 16,425

Note: The data in the table is based on the Scientific Use File versions DOI:10.5157/NEPS:5C2:1.0.0, DOI:10.5157/
NEPS:SC3:2.0.0, and DOI:10.5157/NEPS:SC4:1.1.0.
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Table 3 Sampling strata in SC4

Stratum School type

h=1 Gymnasien

h=2 Hauptschulen

h=3 Realschulen

h=4 Integrierte Gesamtschulen, Freie Waldorfschulen
h=5 Schulen mit mehreren Bildungsgangen

h=6 Forderschulen

and Former Soviet Union), nationality (German or other), as well as the sampling stra-
tum of the school. In SC4, there are in total six sampling strata as displayed in Table 3.

The school sample of SC3 is made up of three explicit strata. Because schools from
SC4 referring to strata h = 1,...,5 also provide education to Grade 5 students, these
schools were pooled to the first stratum in sampling schools for SC3. The second
stratum of SC3 consists of schools providing schooling to Grade 5 students, but not
to Grade 9 students, referring mainly to Grundschulen and schulartunabhingigen
Orientierungsstufen. The third stratum of SC3 includes those schools from the stra-
tum h = 6 of SC4 that also educate students in Grade 5. SC3 additionally includes a
supplement of 214 cases with a migration background related to Turkey or the For-
mer Soviet Union. For more detailed information on the sampling design, see Stein-
hauer et al. (2015). Besides the variables already listed, for nonresponse adjustments
we additionally consider missing indicators for migration characteristics (language
spoken at home, nationality, and migration background) and personal characteristics
(gender, month and year of birth). For nonresponse adjustments in Wave 2, we also
include the participation status of Wave 1 (participated or dropout). Besides that, we
determine whether the individual still is in the institutional context or is in individu-
al tracking (individual tracking or in the institutional context). Because not all parents
participate in the CATI there is little information from the call record available on
participating and nonparticipating parents. For joint decision modeling we consid-
er the number of call attempts to the first contact in the CATI as an indicator for the
likelihood of being at home as indicated by Durrant and Steele (2009). Besides that,
when modeling parents’ participation decisions, we also use children’s characteristics.
Finally, when modeling parents’ participation decisions in Wave 2, we include the
parents’ participation status from Wave 1; analogous to modeling students’ participa-
tion decisions in Wave 2.
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3 Methods

Probit regressions are used to model the binary participation status (participant vs.
dropout). The three possible statuses—participant, temporary and final dropout—at
first glance suggest the use of multinomial probit models. However, although SC3
covers all three statuses (see Table 1), the small number of final dropouts does not
allow for using multinomial probit models. Thus, we model the participation prob-
ability of Kindergarten children and students using univariate binary probit models
with a random intercept at the institutional level. Likewise, for the same reason, the
joint participation decisions of children and their parents are modeled using a bi-
variate binary probit model. For more details on the model frameworks given be-
low see Greene (2012). All models have been estimated using the software environ-
ment for statistical computing R (R Development Core Team, 2015). The univariate
probit with random intercept is estimated using the function glmer() from the Ime4
package (Bates, Maechler, & Bolker, 2012). The bivariate binary probit model is esti-
mated using the zelig() function with a bivariate binary probit link provided by the
ZeligChoice package (Owen, Imai, Lau, & King, 2012).

3.1 Univariate Binary Probit Framework

The univariate probit model for i = 1,...,n individuals with dichotomous participation
status y;, is given by

)’i:{l 70 with Ji=Xp+&, (1)
0 else

where j, denotes a latent variable, X; the regressors, 3 the coeflicients of the model and
& ~ N(0, 0) denotes the disturbance, with o = 1. The accordant random intercept pro-
bit model is defined by

Vi = [é ieflse 7i>0,  with Ji= X+ +¢, (2)
&

where a; ~ N(0, w?) denotes the random intercept and g ~ N(0, 0) is the disturbance,
again with o = 1. This extension allows to take clustering on a higher level into ac-
count. Individuals (denoted by i) are clustered in groups j = 1,...,m of size n;. The
model given in Equation (2) is used to estimate participation probabilities for chil-
dren and students clustered in their institutions.
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3.2 Bivariate Binary Probit Framework

The univariate probit model given in Equation (1) can further be extended to allow
for modeling two (possibly) correlated participation decisions. Let i denote an indi-
vidual, k his or her parent, and p the correlation parameter. Then the bivariate binary
probit can be written as

yi:{l it 7,>0, with 7i=Xp+&

0 else ®)
)= [1 it 7>0, with §,=Xy+&
0 else

with k = 1,...,] and I = n. We assume that (¢, &) ~ N(0, %), with

5= (; /i) (@)

Here, the parameter p measures the conditional correlation between the participa-
tion decisions of individuals and their parents. That is, in sum, the bivariate probit
model consists of the regression coeflicients § and vy, the correlation coefficient p, the
dependant variables y; and y,, the latent variables ; and j,, and the design matrices
X;and X,.

3.3 Derivation of Adjusted Weights

For Y, being the participation status of individual i in Wave ¢ and X, a set of avail-
able information, the univariate models described above can be used for estimating
the probability P(Y; = 1|X,,) of an individual i participating in Wave ¢ conditional on
available information and participation statuses of previous waves. For the case of a
panel survey with two waves the probability to participate in Wave 2 can be written as

P(Yi2 = 1|Xi2) X,-l) = P(Yiz = 1|X,-2, Y,-1 = 1) : P(Y,-l = 1|X,-1) +
P(YiZ = 1|Xi2) Y,—l = 0) : P(Yil = 0|X,-1)‘

In accordance therewith, the probability to participate in both waves, that is Wave 1
(Y;1=1) and Wave 2 (Y, = 1), is given by

P(Yi2 =1, Y,‘l = 1|X,'2) Xil) = P(.YIZ = 1|X;'2: Y,‘l = 1) : P(-YII = 1|X11)

With Y, being the participation status of a parent k in Wave ¢ and X, a set of available
information, the bivariate model given above can be used for estimating the proba-
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bility for a child and a parent to participate jointly P(Y,, =1, Y, =1|X,, X,,) in Wave ¢
conditional on the available information and participation statuses of previous waves.

Y~2:1|X~2,X-1) ( 2—1|X2, 1—1) ( )

PQ{Y 1 1 = P 1 1 1 P +

k2= 1|Xk2> X Yo = 1|Xk2’ Y= Ya= 1|Xkl
P(Yiz e 1|Xi2’ Yil = 0 ) (

Ykz = 1|Xk2) Ykl 1 Ykl = 1|Xk1

(Yiz = 1|Xi2) Y,‘l - 1 ) P(Yl - 1|X11

Ykl = ].lez, Ykl 0 Ykl 0|Xk1
Yk1

P +

P +

Yiz = 1|X,~2, Yil =

P
Yo = 1|Xk2’ Y=

o)
0|Xk1

Thus, the probability for a child or student and a parent to jointly participate in both
waves, that is in Wave 1 (Y1 =1, Y1 = 1) and in Wave 2 (Y, = 1, Y} = 1), is given by

P(;/ﬂ: 1, Y =1|Xa X ) :P( 2= 1]Xp Ya=1 ) . P(Yi1= 1|X,.1)

K2 = 1, Ykl = 1|Xk2, Xkl Yk2 = 1|Xk2’ Ykl = 1 Ykl = 1|Xk1 ’

The inverse of these probabilities form the adjustment factors for the sample weight-
ing adjustment. In detail, given the panel entry weight w;, for individual i the accor-
dant nonresponse adjusted weight can be computed as

w(t=T)=w,-P(Y;;=1|X;)"
for cross-sectional weights and as
wi(t = T,..., 1) =W, P(YiT: 1) -YiT—l = 1>-~-: Yil = 1||X,p X,'Tfp-u) Xil)_l

for longitudinal weights.

4  Results
4.1 Starting Cohort 2—Kindergarten

In Wave 1 there are only 25 temporary dropouts among the children of SC2. These
cases are too few for an accordant binary regression model. Thus, they are adjusted for
by an unconditional modeling, that is, the related adjustment factor is 2,996 + (2,996 —
25). Note that here we deviate from the approach presented in Subsection 3.3. In or-
der to compute adjustment factors for the joint participation of children and their
parents in Wave 1, we multiply the adjustment factor compensating for nonresponse
among parents. The latter has been estimated by means of a random intercept bi-
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nary probit model. The data used for this purpose have been imputed to cope with
item nonresponse. In detail, we used hot deck imputation (Andridge & Little, 2010)
to deal with missing values in the variable ‘language spoken at home’ (in total, eight
cases) and in the variable ‘place of residence’ (one missing case). The coefficients of
the model characterizing parents’ participation propensity are given in Table 4. We
see that parents who have a child living with only one parent or with others have a
significantly lower participation propensity. In contrast, parents who have children
that predominantly speak German at home have a higher propensity to participate.

In Wave 2, there are 233 children that have temporarily dropped out from the
sample and in the longitudinal sample of Wave 1 and 2 there are 257 children classi-
fied as temporary dropouts. To analyze the longitudinal participation propensity, the
dependent variable in the model is operationalized as a dichotomous variable indi-
cating whether a child participated in both waves or not. The corresponding models
estimating the participation propensities for Kindergarten children in the different
waves (see Table 5) comprise as explanatory variables age and gender of the children,
their place of residence, and the language spoken at home. The two-level structure of
children within Kindergartens is considered by specifying a random intercept at the
Kindergarten level. The age of the child is the only characteristic showing a significant
effect on the participation propensity of a child in Wave 2. In contrast, the propensity
of children to participate in both waves, that is, Wave 1 and Wave 2, is additionally
significantly influenced by whether the child lives with both parents or not.

Table 4 shows the results of models estimating the joint participation propensities
of children and parents for Wave 2 (cross-sectional sample) as well as for Wave 1 and
Wave 2 (longitudinal sample). For the group of children and parents participating to-
gether in the cross-sectional sample, that is in Wave 2, children’s propensity to jointly
participate is negatively influenced by being part of the older age group as well as by
living with one parent or others. The propensity is positively influenced by German
as the language predominantly being spoken at home. For parents the propensity to
jointly participate is negatively influenced by having a child living with one parent or
others and positively influenced by German being the language spoken at home. Fur-
thermore, we find a significant residual correlation between the participation deci-
sions of children and parents—though it is not strong. For the longitudinal sample of
children and parents jointly participating the effects remain stable and change only
slightly in magnitude.”

9  For this model the parents’ participation status is operationalized analogous to the longitudinal par-
ticipation of children. That is, the dependent variable is dichotomous and distinguishes between par-
ents participating in both waves (Wave 1 and Wave 2) or not.
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4.2 Starting Cohort 3—Grade 5

The models estimating the participation propensity of Grade 5 students in Wave 1 and
Wave 2 are displayed in Table 6. The bivariate binary probit models for estimating the
joint participation decision of students and parents are given in Table 7. The weights
for Grade 5 students are adjusted as described in Subsection 3.3.

For Wave 1 of SC3 the random intercept probit model displayed in Table 6 shows
negative significant effects for students being educated in schools sampled in the SC4-
strata h = 4 (Integrierte Gesamtschulen and Freie Waldorfschulen) and h = 5 (Schu-
len mit mehreren Bildungsgéngen).*® Also, having missing values in personal charac-
teristics (age group and gender) significantly lowers the participation propensity. In
contrast, speaking German as a native language influences the participation propen-
sity positively.

The bivariate binary probit model estimating the joint participation propensity for
students and parents in SC3 is given in Table 7. We find that parents whose children
are educated in schools of SC4-strata h = 1 (Gymnasien), i = 3 (Realschulen), h = 4
(Integrierte Gesamtschulen and Freie Waldorfschulen), and in schools offering edu-
cation to Grade 5 but not to Grade 9 students (mainly Grundschulen and schulartun-
abhéngige Orientierungsstufen) have a higher participation propensity. Parents that
can be contacted for the CATI by less than four phone calls also have a higher par-
ticipation propensity to take part together with their children. Likewise, parents who
have a child with a Turkish migration background and children speaking German at
home have a higher propensity to participate than their counterparts. The effect of
speaking German at home also positively influences the students’ participation pro-
pensity. In contrast, the participation propensity of students is lowered if they are ed-
ucated in schools belonging to SC4-strata h = 4 (Integrierte Gesamtschulen and Freie
Waldorfschulen) and 4 = 5 (Schulen mit mehreren Bildungsgéingen) as well as by hav-
ing missing values in personal characteristics (age group and gender). Although very
weekly positive, we find significant residual correlation in the joint participation de-
cisions of students and parents.

In Wave 2 of SC3, there are 14 final dropouts, see Table 1. To account for the dif-
ference between temporary and final dropout, these cases have been accounted for by
an unconditional model, that is, their unconditional participation probability is 14 +
6,112. For the remaining 6,098 students a random intercept model has been comput-
ed. The results are given in Table 6. Compared to the results of the nonresponse mod-
els corresponding to Wave 1, the negative effect of having missing values in personal
characteristics remains stable. Also, the positive effect of German as a native language
remains positive and significant but reduces in magnitude. However, the effects van-
ish of being educated in schools of the SC4-strata h = 4 (Integrierte Gesamtschulen

10 We use the stratification variables of SC4 in SC3, too, because they provide deeper insights than the
pooled stratification variable of SC3.
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and Freie Waldorfschulen) and 4 = 5 (Schulen mit mehreren Bildungsgiangen); while
being educated in schools of SC4-stratum h = 6 (Forderschulen) lowers participa-
tion propensities in Wave 2 significantly. Students who are individually tracked show
a very low participation propensity. Furthermore, compared to Wave 1, the standard
deviation of the random intercept increases.

Table 7 shows the results of the model for the joint participation decision of stu-
dents and parents. Here, the 14 children who have dropped out permanently are ex-
cluded together with their parents. Parents participation propensities are mainly
influenced by the same characteristics as in Wave 1, changing only slightly in mag-
nitude. The effects vanish of having a child with a Turkish migration background or
the child speaking German at home. The couple’s own participation status (the stu-
dents’ and the parents’) in Wave 1 is found to be a strong predictor for Wave 2 par-
ticipation. For students the decision to jointly participate in the survey of Wave 2 is
significantly lower when being educated in Forderschulen referring to SC4-stratum
h = 6. Having missing values in personal characteristics as well as being in the field of
individual tracking further lowers participation propensities of students significantly.
What is interesting to note is that, the students” participation status in Wave 1 is not
a significant predictor for their participation in Wave 2. In contrast, the participation
decision of a student’s parents is positively influencing the student’s own decision in
Wave 2.

4.3 Starting Cohort 4—Grade 9

The models estimating the participation propensity for Grade 9 students in Wave 1
and Wave 2 are displayed in Table 6. The weights for Grade 5 students are adjusted
as shown in Subsection 3.3. To derive weighting adjustment for the group of stu-
dents and parents jointly participating, we deviate from the approach stated in Sub-
section 3.3, because analysis has not shown any significant correlation. Thus, the pro-
pensity of parents participating in the CATI between Waves 1 and 2 is estimated
separately. The joint participation propensity of both students and parents is then ob-
tained by multiplying the corresponding estimated probabilities.

The participation propensity of students in Wave 1 of SC4 is (significantly) nega-
tively influenced by being educated in schools referring to the strata h = 6 (Forder-
schulen) and h = 2 (Hauptschulen) and by being German, as well as by having missing
values in personal characteristics (age group and gender) or migration characteristics
(native language or nationality).'" In addition, speaking German as a native language
positively influences the participation decision, see Table 6.

11 This is due to the fact that the reference category is being educated in schools of stratum / = 1, that
is, Gymnasien.
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The parents’” decision to participate is affected negatively by having children in a
school referring to any of the strata relevant for Grade 9 students."

For Wave 2 the effect of being educated in schools of stratum h = 6 (Férderschu-
len) increases (compared to Wave 1) in magnitude, see Table 6. In contrast, the sig-
nificant effect of being educated in schools of stratum h = 2 (Hauptschulen) vanishes.
Being part of the younger half of the age group positively influences the participation
decision in Wave 2 as well as speaking German as a native language. Regarding the
missing indicators, the effects reduce in magnitude and the estimate for missing val-
ues in personal characteristics is not significant anymore.We find that the students’
participation status of Wave 1 is a strong predictor for the participation propensity
in Wave 2. The standard deviation of the random intercept increases from Wave 1 to
Wave 2.

5 Conclusion

This chapter has given insights into the derivation of wave-specific nonresponse ad-
justments within the institutional cohorts of SC2, SC3, and SC4 of the NEPS. In the
NEPS we distinguish between three participation statuses, namely: participant, tem-
porary dropout, and final dropout. Up to Wave 2, the number of persons permanent-
ly dropping out from the sample is small. Therefore, we mainly differentiate between
participation and temporary dropout in the nonresponse adjustments of weights and
adjust for final dropout by the inverse of their percentage of the cohort. We use probit
regressions to compute participation probabilities of individuals. Their inverse con-
stitutes the adjustment factors of the related contexts. In particular, we use univariate
probit models to describe the participation decision of children and students and bi-
variate probit models to map the joint participation decision of children or students
and their parents. The latter allows for modeling possibly correlated decisions. To ac-
count for clustering, that is, children and students being nested within institutions,
we use random intercept models. If correlation between children or students and
their parents’ participation decision turns out to be negligible, the bivariate model
setting is replaced by a univariate one, that is, children or students and their parents’
decisions are modeled separately. When modeling the participation status in Wave 2,
we generally condition on the Wave 1 participation status. In this way, cross-section-
al as well as longitudinal weights can be provided together in a straightforward way.
The results of analyzing the participation statuses of Kindergarten children shows
that German as the predominantly spoken language together with place of residence
influences participation decisions significantly. The results for students in Grade 5
and Grade 9 show that speaking German as a native language, having missing values

12 This is due to the fact that the reference category is being educated in schools of stratum / = 1, that
is, Gymnasien.
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in personal and migration characteristics, as well as being individually tracked are the
factors influencing participation decisions. Besides that, SC4-strata-specific effects
are found. However, these are not stable over time.

The students of SC4 will leave school soon, that is, they will enter either the vo-
cational track or head toward a career in higher education. In other words, they will
leave the institutional contexts of schools and will have to be tracked individually.
Clearly, later in time, this will also occur to the students of SC3. Generally, the Ger-
man education system allows students to enter a large variety of educational path-
ways. Hence, for nonresponse adjustments in future waves the current approach of
describing participation propensities will have to be extended accordingly. Besides
that, in future waves, we expect a higher number of final dropouts that should be ex-
plicitly included into the modeling process. To this end, a multinomial model frame-
work might be used, for example. Finally, the increasing number of users of NEPS
data from SC2, SC3, and SC4 might raise the demand for more subgroupspecific
weighting adjustments, for example, Grade 5 students participating jointly with their
parents in Wave 1 and Wave 3.
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Tables

Table 4 Parameter estimates of the response propensity models used to derive adjustment
factors for weights corresponding to the subgroup of Kindergarten children and parents jointly
participating in SC2

Wave 1 Wave 2 Wave 1 and
Wave 2
Children® Parents Children Parents Children Parents
Intercept 0.443%** 1.460%** 0.023 1.375%** -0.123
(0.076) (0.094) (0.067) (0.090) (0.067)
Gender 0.077 —-0.005 0.029 -0.035 0.055
female (0.054) (0.068) (0.050) (0.066) (0.049)
Age group -0.037 —0.248*** -0.048 —0.245%** —-0.041
older half (0.055) (0.069) (0.050) (0.067) (0.049)
Place of residence —0.598*** —-0.201* —0.741%%* —0.208* —0.745%**
with one parent (0.068) (0.085) (0.064) (0.083) (0.064)
or others
Language spoken 0.595%** 0.173* 0.819%** 0.229** 0.795%**
at home
German (0.071) (0.087) (0.064) (0.083) (0.064)
Random intercept 0.296
w Kindergarten
level
Correlation 0.217** 0.175%*
between
children & parents (0.067) (0.060)
Sample Size 2,996 2,996 2,996 2,996 2,996

Notes: The flags ***, **, and * denote significance at the 0.1%, 1%, and 5% level, respectively. Standard errors are given
in parentheses.  Adjustment factors for Kindergarten children in Wave 1 were computed as 2,996 + (2,996 — 25). To
model individual participation, the glmer function with a probit link provided by Ime4 package (Bates et al., 2012) in R
(R Development Core Team, 2015) was used. To model joint participation decisions, the zelig function with bprobit

link provided by ZeligChoice package (Owen et al., 2012) in R (R Development Core Team, 2015) was used. Correlation
parameter from the bivariate probit model is transformed according to Honaker, Owen, Imai, Lau, and King (2013).
Reference categories are: gender (male), age group (younger half), place of residence (with both parents), language
spoken at home (other than German).
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Table 5 Parameter estimates of the response propensity models used to derive adjustment
factors for weights corresponding to the subgroup of Kindergarten children participating in
SC2 Wave 1 as well as in Wave 1 and Wave 2

Wave 12 Wave 2 Wave 1 and Wave 2
Intercept 1.725%** 1.557***
(0.122) (0.112)

Gender -0.012 —-0.045

female (0.077) (0.073)
Age group —-0.190* —-0.190*

older half (0.081) (0.076)
Place of residence —-0.178 —0.188*

with one parent or others (0.099) (0.094)
Language spoken at home 0.112 0.195

German (0.108) (0.100)
Random intercept

w Kindergarten level
Sample Size 2,996 2,996

Notes: The flags ***, **, and * denote significance at the 0.1%, 1%, and 5% level, respectively. Standard errors are given
in parentheses.  Adjustment factors for Kindergarten children in Wave 1 were computed as 2,996 + (2,996 — 25). To
model individual participation, the glmer function with a probit link provided by Ime4 package (Bates et al., 2012) in R
(R Development Core Team, 2015) was used. Reference categories are: gender (male), age group (younger half), place of
residence (with both parents), language spoken at home (other than German).
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Table 6 Parameter estimates of the response propensity models used to derive adjustment
factors for weights corresponding to the subgroup of students participating in SC3 and SC4

Wave 1 and 2, respectively

Starting Cohort 3

Starting Cohort 4

Wave 1 Wave 2 Wave 1 Wave 2
Intercept 1.233%** 3.9071%** 1.814*** 2.079%**
(0.270) (0.508) (0.091) (0.195)
SC4-stratum h =1 —-0.298 —-0.542
Gymnasien (0.278) (0.450)
SC4-stratum h =2 -0.331 -0.560 —-0.146* -0.163
Hauptschulen (0.288) (0.439) (0.067) (0.172)
SC4-stratum h =3 -0.192 -0.444 -0.070 -0.205
Realschulen (0.284) (0.450) (0.069) (0.180)
SC4-stratum h =4 —0.749* -0.194 —-0.108 0.152
Integrierte Gesamtschulen (0.310) (0.705) (0.082) (0.250)
Freie Waldorfschulen
SC4-stratum h =5 —-0.636* -0.649 -0.117 0.120
Schulen mit mehreren (0.302) (0.528) (0.094) (0.248)
Bildungsgangen
SC4-stratum h=6 0.117 —2.129%** —-0.207* —1.674***
Forderschulen (0.302) (0.450) (0.088) (0.171)
Schools educating students in —-0.368 —0.486
Grade 5 but not in Grade 9 (0.299) (0.524)
Age group —-0.055 0.189 0.066 0.284***
younger half (0.067) (0.127) (0.045) (0.070)
Gender 0.061 0.184 -0.070 0.025
female (0.063) (0.110) (0.038) (0.064)
Missing indicator for —1.148*** —1.143%** —2.259*** -0.056
personal characteristics (0.116) (0.196) (0.329) (0.477)
Native language 1.140%** 0.415%* 0.433%** 0.276**
German (0.068) (0.148) (0.049) (0.088)
Nationality -0.169* —-0.001
German (0.070) (0.111)
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Table 6 (continued)
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Starting Cohort 3

Starting Cohort 4

Wave 1 Wave 2 Wave 1 Wave 2

Class size —-0.058 —-0.094

less than 25 (0.050) (0.095)
Missing indicator for —1.323%** —0.705***

migration characteristics (0.074) (0.126)
Migration background -0.169 —-0.571

Turkish (0.312) (0.492)
Student participating in -0.392 0.566%***

wave 1 (0.268) (0.106)
Individual tracking in —3.498***

wave 2 (0.181)
Random intercept

w school level 0.311 0.500 0.276 0.844
Sample Size 6,112 6,098 16,425 16,425

Notes: The flags ***, **, and * denote significance at the 0.1%, 1%, and 5% level, respectively. Standard errors are given
in parentheses. To model individual participation, the glmer function with a probit link provided by Ime4 package (Bates

etal, 2012) in R (R Development Core Team, 2015) was used. Reference categories are: stratum (migrant supplement),

age group (older half), gender (male), migration background (other than Turkish), native language (other than German),
nationality (other than German), class size (25 or more), missing indicators (no missing values), student participating in

Wave 1 (no), individual tracking in Wave 1 (no).
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Table 7 Parameter estimates of the response propensity models used to derive adjustment
factors for weights corresponding to the subgroup of students and parents jointly participating

in SC3 in Wave 1 and Wave 2 as well as in SC4

Starting Cohort 3

Starting Cohort 4

Wave 1 Wave 2 Wave 1
Parents Students Parents Students Parents Students®
Intercept —0.709%*** 1.188%*** —2.163*** 3.018%*** —0.689***
(0.167) (0.242) (0.235) (0.395) (0.079)
SC4-stratum h =1 0.596*** -0.287 0.661%*** -0.439
Gymnasien (0.169) (0.247) (0.219) (0.349)

SC4-stratum h =2 0.239 -0.329 0.186 -0.519 —0.423%**
Hauptschulen (0.174) (0.255) (0.224) (0.343) (0.043)
SC4-stratum h =3 0.390* —0.201 0.499* -0.461 —0.259%**
Realschulen (0.171) (0.252) (0.221) (0.346) (0.047)
SC4-stratumh =4 0.473* —0.768** 0.685* -0.332 —0.237***
Integrierte Gesa- (0.185) (0.264) (0.238) (0.452) (0.058)

mtschulen
Freie Waldorfschulen
SC4-stratum h=5 0.170 -0.596* 0.376 —-0.403 —0.502%**
Schulen mit mehreren  (0.181) (0.265) (0.234) (0.398) (0.062)
Bildungsgdngen
SC4-stratumh =6 -0.020 0.105 0.001 —1.590%** —0.559%**
Forderschulen (0.175) (0.270) (0.226) (0.347) (0.058)
Schools educating 0.586** -0.352 0.525* -0.262
students in
Grade 5 but not in (0.179) (0.263) (0.230) (0.370)
Grade 9
Native language 0.440%** 1.099*** 0.122 0.243* 0.386***
German (0.050) (0.064) (0.066) (0.115) (0.035)
Migration background 0.409* -0.175 —-0.081 -0.376
Turkish (0.194) (0.280) (0.246) (0.396)
Age group -0.077 0.083 0.120***
younger half (0.063) (0.096) (0.027)
Gender 0.061 0.163 -0.043
female (0.060) (0.087) (0.022)
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Table 7 (continued)

Starting Cohort 3 Starting Cohort 4

Wave 1 Wave 2 Wave 1

Parents Students Parents Students Parents Students®

Missing indicator for —1.080%** —0.933*** —-0.163
personal character- (0.111) (0.153) (0.305)
istics

Student participating in 0.217* -0.379 0.032
wave 1 (0.101) (0.209) (0.054)

Number of calls 1.297%** 0.493*** 1.437%%*
less than 4 (0.043) (0.048) (0.027)

Parent participating in 2.337%*% 0.308%**
wave 1 (0.051) (0.087)

Individual tracking in —2.589%**
wave 2 (0.099)

Nationality 0.319%**
German (0.047)

Missing indicator 0.171**
migration (0.062)
characteristics

Correlation 0.097* 0.415%*

p students parents (0.049) (0.158)

Random intercept 0.259
w school level

Sample Size 6,112 6,098 16,425

Notes: The flags ***, **, and * denote significance at the 0.1 %, 1%, and 5% level, respectively. Standard errors are given
in parentheses. ® Because there was no correlation in the participation decisions of students and parents in SC4, deci-
sions were modeled separately. To model individual participation, the glmer function with a probit link provided by Ime4
package (Bates et al,, 2012) in R (R Development Core Team, 2015) was used. To model joint participation decisions, the
zelig function with bprobit link provided by ZeligChoice package (Owen et al., 2012) in R (R Development Core Team,
2015) was used. Correlation parameter from the bivariate probit model is transformed according to Honaker et al. (2013).
Reference categories are: stratum (SC3: migrant supplement, SC4: h = 1), age group (older half), gender (male), migra-
tion background (other than Turkish), native language (other than German), nationality (other than German), number

of calls (4 or more), missing indicators (no missing values), student participating in Wave 1 (no), parent participating in
Wave 1 (no), individual tracking in Wave 1 (no).
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Variance Estimation with Balanced Repeated
Replication: An Application to the Fifth

and Ninth Grader Cohort Samples of the
National Educational Panel Study

Sabine Zinn

Abstract

In order to obtain valid inference, the analysis of survey data requires special ap-
proaches to account for sampling design features. This is particularly true when
analyzing complex survey data in which inclusion probabilities are not constant,
as is the case for the National Educational Panel Study. Here, statistical methods
like ordinary least squares estimation might lead to biased conclusions about what
social and behavioral processes one might be interested in. One way to achieve
proper results even when a statistical method does not explicitly account for sur-
vey design features is by using the method of balanced repeated replication. This
methodology provides correct assessment of the variances for a wide range of es-
timators from stratified multistage sampling designs. In this chapter, we describe
how to use the method of balanced repeated replication to analyze the data of the
first wave of the fifth- and ninth-grader cohort samples of the National Educa-
tional Panel Study. We illustrate its capacities by means of two examples: First, we
analyze the proportion of migrants in the fifth and ninth grade in German schools.
Then, we study the aspiration of students in the ninth grade concerning educa-
tional attainment. The results of both applications underline the effectiveness of
the method.

1 Introduction

The fifth- and ninth-grader cohort samples of the National Educational Panel Study
(NEPS) were established using stratified multi-stage sampling. This is a standard strat-
egy to collect complex survey data by randomly selecting sampling units from clusters
at two or more hierarchical levels. In the NEPS, students were sampled from two lev-
els: schools and classes. Before sampling, schools were stratified explicitly according
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to school types and implicitly according to the federal states, regional classification,
and funding. Then, from school type strata, at the first stage, schools were sampled
(primary sampling units), and at the second stage, classes were sampled (secondary
sampling units). Subsequently, in each selected class, all students were asked to par-
ticipate in the survey. Unfortunately, statistical standard estimation techniques have
difficulties handling such a design because they are usually applied for simple ran-
dom sampling. Applying them to a multi-stage sampling design increases the risk of
underestimating the variability of survey statistics. The objective of this article is to
describe a method that allows for the proper estimation of sampling variances for the
NEPS fifth- and ninth-grader cohort samples.

Popular methods that apply to this task are the Taylor series linearization and
replication methods (Lee & Forthofer, 2006; Wolter, 2007). Taylor series lineariza-
tion computes the overall variance estimate as a weighted combination of stratum
variance estimates. It is well suited to statistics that have a theoretical derivation of
a variance formula, such as the coeflicients of generalized linear regression models.
However, it cannot be used to compute variance estimates of non-differentiable sta-
tistics, such as median and other percentiles. Replication methods are usually used
for this purpose. These methods conduct variance estimation by selecting a set of de-
pendent subsamples from the overall sample. The sampling variance of the overall es-
timate is then derived by computing parameter estimates from each subsample and
calculating the variability between the subsample estimates. A prerequisite of the rep-
lication methods is that subsamples be formed in such a way that each subsample has
the same structure as the parent sample. Replication methods require a sufficiently
large number of replicates to yield unbiased statistical inference.

Therefore, pure replication might fail in a stratified design like the NEPS sample
design. Here, pseudo-replication methods pose a remedy: The basic idea is to con-
struct subsamples consisting of random groups that represent the sampling units in
the different implicit and explicit strata. A systematical formation of these groups
allows for computing unbiased variance estimates—even if some strata only com-
prise a few elements. Jackknife repeated replication, balanced repeated replication,
and bootstrapping are common pseudo-replication methods. Jackknife repeated rep-
lication works by iteratively removing a single random group from the full sample to
create a replicate (Berger & Skinner, 2005; Rao, Wu, & Yue, 1992). In contrast, bal-
anced repeated replication forms a set of replicates by assigning random groups to
subsamples in a balanced way (Rust & Rao, 1996; Wolter, 2007). The basic idea of the
bootstrap method is to create replicates of the same size and structure as in the parent
sample (Efron, 1979). In the past, many research studies have been conducted to as-
sess the quality of each of the three pseudo-replication techniques when used to esti-
mate sampling variances in complex survey designs (see, e. g., Kish and Frankel, 1974;
Krewski and Rao, 1981; Rust and Rao, 1996). The main finding is that all three repli-
cation techniques show a similar performance for statistics that can be expressed as
smooth functions of totals. For statistics that cannot be expressed in this way, such



Variance Estimation with Balanced Repeated Replication 65

as sample quantiles, the situation differs. Here, the jackknife method is known to pro-
duce inconsistent estimators (Rao & Wu, 1985; Shao & Tu, 1995). Generally, boot-
strapping is found to be slightly less effective than balanced repeated replication and
jackknife repeated replication because it requires more replicates to reach a com-
parable precision of the variance estimates (Lee & Forthofer, 2006). In summary, of
the three repeated replication methods, the method of balanced repeated replication
seems to have the widest application scope and therefore to be the most convenient
one for general purposes. multiplying them by the parent sample. Naturally, replica-
tion weights comprise all information about the sampling design of a survey. That is,
if an analyst cannot access all design features of a survey, replication weights never-
theless allow for regarding the entire sampling design. Legal data security regulations
mostly hinder any dissemination of information about non-respondents. This is also
the case in the NEPS. Here, information about schools and students who refuse to
participate in the study is highly confidential. However, without this kind of informa-
tion, no nonresponse adjustment can be conducted in order to avoid invalid infer-
ence. To make variance estimation possible nevertheless, the NEPS methods group
provides replication weights for the method

Jackknife repeated replication, balanced repeated replication, and bootstrapping
can be applied without further ado if so-called replication weights are available. Rep-
lication weights allow for deriving the set of replicates necessary for variance estima-
tion by simply of balanced repeated replication.'

The present contribution seeks to describe how these weights can be derived and
how they can be used for computing survey statistics for the fifth- and ninth-grader
samples of NEPS.” The rest of the article is organized as follows: In Section 2, we detail
the structure and the sampling design of the fifth- and ninth-grader cohort samples
of the NEPS. In Section 3, we describe the concept of the method of balanced repeat-
ed replication and the derivation of accordant replication weights in detail. Further-
more, we detail the adjustment of weights necessary to concord with the design of the
parent sample. Section 4 presents the usage of these weights to derive special survey
statistics, such as quantiles and population ratios. Section 5 concludes with a critical
assessment of the method of balanced repeated replication, revealing its limitations
and pointing to multilevel modeling as a powerful alternative.

1 The replication weights are available on request from the author or by writing an email to methods.
neps@uni-bamberg.de.

2 All figures presented were computed using the Scientific Use Files with the identification code doi
10.5157/NEPS:SC3:2.1.0 and doi 10.5157/NEPS:SC4:1.1.0.
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2 Data and Sampling Design

The fifth- and ninth-grader samples of the NEPS comprise children attending sec-
ondary school in the fifth and ninth grade in Germany in the school year 2010/2011.
It was built upon a stratified multi-stage sampling design (Aflimann et al., 2011; Af3-
mann, Steinhauer, & Zinn, 2012): At first, strata were formed; then, schools were
sampled from these strata. Classes were selected within the sampled schools. Final-
ly, all students in the selected classes were asked to participate. Schools were selected
from the set of officially recognized and state-approved secondary schools in Ger-
many. In this process, six different schools types were differentiated: Schools that of-
fer schooling only to children with learning disabilities, Gymnasien, Hauptschulen,
Realschulen, Integrierte Gesamtschulen, and schools offering all tracks of secondary
education except an academic track. We subsequently refer to the latter five school
types as regular schools. Special-needs schools and regular schools form the six ex-
plicit strata of the ninth-grader sample. The fifth-grader sample consists of three ex-
plicit strata that partly overlap with the ninth-grader sample. That is, the first explic-
it stratum of the fifth-grader sample was established based on five of the six explicit
strata of the ninth-grader sample. In more detail, the stratum comprises fifth graders
from regular schools that provide schooling to ninth and fifth graders. Special-needs
schools make up the second explicit stratum of the fifth-grader sample. Finally, the
third explicit stratum of the fifth-grader sample contains children who attend schools
that provide schooling only to fifth graders and not to ninth graders. Besides the ex-
plicit stratification, an implicit stratification based on the federal states, regional clas-
sification, and the organizing institution was used. After sampling schools in the first
stage, two classes each (if available) from grade five and nine were sampled within
regular schools in a second stage. Thereafter, all children in the selected classes were
asked to participate. Students of all classes in special-needs schools were asked to par-
ticipate in the NEPS.

The first wave of the ninth-grader sample contains information from interviews
and tests conducted within two different periods. One took place in autumn 2010
and one in spring 2011. The interviews and tests for the first wave of the fifth-grader
sample were conducted in autumn 2010. Overall, the ninth-grader sample comprises
information from students from 648 schools: 15,629 students participated in the au-
tumn survey, and 15,308 students participated in the autumn and in the spring sur-
veys. The first wave of the fifth-grader sample comprises 260 schools and contains
information on 5,555 students.’ Tables 1 and 2 show the number of schools and stu-
dents according to the grade sampled within the different strata.

3 For sake of simplicity, we do not consider the additional NEPS sample of fifth-grade students with a
Turkish migration background or a migration background related to the former Soviet Union. This is
because this sample differs considerably from the basic fifth-grader cohort sample concerning sam-
pling design and structure.
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Table 1 Stratum-Specific Numbers of Sampled Schools and Students in the First Wave of the
Ninth-Grader Sample

Stratum Schools Students in autumn Students in autumn
survey 2010 and spring survey
2010 and 2011
Gymnasien 149 5118 5,069
Hauptschulen 181 3,570 3,515
Realschulen 104 3,108 3,069
Integrierte Gesamtschulen 55 1,617 1,609
Schools offering all tracks of secondary 56 1,127 1,116

education except an academic track

Special-needs schools 103 1,089 930

Table 2 Stratum-Specific Numbers of Sampled Schools and Students in the First Wave of the
Fifth-Grader Sample

Stratum Schools Students

Regular schools offering schooling to fifth graders and not 21 430
to ninth graders

Regular schools offering schooling to fifth graders and to 182 4,559
ninth graders

Special-needs schools 57 566

3  The Method of Balanced Repeated Replication

The method of balanced repeated replication (BRR) is a widely-used technique for
variance estimation in surveys that are subject to stratified multi-stage sampling. It
was first introduced by McCarthy (1969) for the case in which only two primary sam-
pling units are sampled with replacement on the first sampling stage. Today, several
extensions to the original approach exist that allow the BRR to be applied to a wider
scope of tasks (e. g., Rao & Shao, 1999; Shao & Chen, 1999; Shao, Chen, & Chen, 1998;
Saigo, Shao, & Sitter, 2001). Before we detail the essentials of the BRR in the following
section, we first describe the statistical setting to which the BRR is applied.
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3.1 The Setting

Suppose we face a survey sample subject to stratified multi-stage sampling involv-
ing H strata. Each stratum h comprises #, primary sampling units (PSUs), and every
primary sampling unit i contains secondary sampling units (SSUs) j. All units k that
are part of secondary sampling units are constituted to be fully sampled. If a survey
weight is available for each sampled element, an unbiased estimator of a population
total Y for a variable y is given (Rao & Shao, 1999)

Y= z Whijk Y nijio

(h, i, j, k)es

in which s describes the sample, y,;; is the value of variable y associated to unit (h, i,
J» k), and w;; is the corresponding sampling weight. In many cases, a survey estima-
tor 8 can be written as a function g(-) of a vector of estimated totals:

0 =g(A)
with

A= z Whijk hijko

(h i, j, k)

and a, is a vector of values corresponding to unit (h, i, j, k). Examples for such esti-
mators are ratios of two estimated totals, correlation coefficients, and regression coef-
ficients (Shao, 1996). Assuming, for instance, that we are interested in the prevalence
of learning disabilities among male students, an estimator for this quantity is the ratio
of the number of male students with learning disabilities to the number of male stu-
dents. Thus, it can be expressed as

6 - g(A) _ Z, i, j, &) Whijk Zhijk

i, i &) Whijk Xhnijk

where x,;; is a dichotomous variable that is coded by 1 if a student is male and 0 oth-
erwise, and z,;; a dichotomous variable that is 1 if a male student suffers from a learn-
ing disability and 0 otherwise.
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3.2 The Method

The basic idea of the BRR is to construct a set of balanced replicates from random
groups in the parent sample. Random groups are commonly only formed from the
primary sampling units, disregarding any further sub-sampling. Such proceeding is
predicated on the fact that the sampling variance can be approximated adequately
from the variation between the totals of the primary sampling units when the first-
stage sampling fraction is small (which is usually the case). In survey statistics, this
practice is known as the ultimate cluster approximation (Kalton, 1979; Lee & Fort-
hofer, 2006). In its original version, the BRR assumes only two primary sampling
units per stratum, namely n, = 2 for all strata h. A single replicate is formed by sys-
tematically deleting one PSU from each stratum and then doubling the sampling
weights of the primary sampling units remaining. Hence, the replication weight wf),
of entity k located in SSU j and PSU i in stratum 4 corresponding to the rth replicate
is((h,i, k, k) es,r=1,...,R):

Wi, = {2wh,-jk, if PSU i from stratum h is part of the rth
! 0, otherwise.

Because of the practice of neglecting half of the parent sample within each replicate,
the BRR is also called the method of balanced half-samples. To promote unbiased
variance estimators, the set of replicates has to be balanced (Wolter, 2007). That is,
each pair of primary sampling units from different strata has to have the same fre-
quency in appearing in the set of replicates. This condition can be formalized to

R
Y opsp=o0forallh=kih k=1,..., H,

r=1
with

50 = +1, if PSU 1 from stratum h is part of the rth replicate,
", if PSU 2 from stratum h is part of the rth replicate.

A minimal set of balanced replicates can be derived using a Hadamard matrix* of or-
der R in which R is the smallest multiple of four greater than H:

H+1<R<H-+4. (1)

In more detail, the entries (h, r) of a Hadamard matrix A of order R determine the pri-
mary sampling units that have to remain in a half-sample to obtain a balanced set of

4 A Hadamard matrix is a square matrix whose entries are either —1 or +1 and whose rows are mutu-
ally orthogonal.
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replicates.” In other words, 7 equals entry (h, r) of matrix A. An approximately un-
biased variance estimate is then obtained by

varld] = 1% Z(é“) —0)(0" -0y,

where 07 is the survey estimate based on replicate r (i.e., weighted with the replica-
tion weights w{),).

One crucial prerequisite for the feasibility of any method of repeated replication
is that each single set of replication weights maintain the representation of the pop-
ulation structure in the sample, that is, replication weights have to be adjusted for
unit nonresponse at a least condition. At this point, the BRR might encounter severe
problems: Because the method implies deleting half of the parent sample, very small
sample sizes might result, causing unfeasible adjustment factors for non-response
and therefore also nonsensical replication weights. A simple variant of the BRR that
allows for overcoming this difficulty is perturbing the replication weights by a factor
&, ¢ € {0, 1} (Judkins, 1990):

Wi () = (1+ e)wh,.jk, if PSU z from stratum h is part of the rth replicate, 2)
g (1- &)w,3  otherwise.
The variance estimator that results is
M= LN @00y Y@ e)— BY
varlf] = 2R Z(Q (e)=0)(07(e)-0). (3)

For convenience, mostly ¢ is set to 0.5 (Rust & Rao, 1996).

The BRR can easily be extended to cases in which strata comprise more than two
primary sampling units. The basic idea is to randomly divide the set of primary sam-
pling units in each stratum /4 into two groups, g, and g; of almost the same sizes, that
is,

n
&= [Th] and g =mn,—-g. (4)

By means of these groups, a set of balanced replicates can still be constructed using
Hadamard matrices (Rao & Shao, 1996): The entry (h, r) of a Hadamard matrix of or-
der R determines whether Group 1 or Group 2 is assigned to a half-sample. Figure 1
illustrates this creation of replicates.

5 Here, the row of the Hadamard matrix that consists only of ones is excluded; see Rao & Shao (1996).
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Figure 1 Creation of replicates by assigning groups of primary units (PSUs) to half-samples for
each stratum separately

PSUs
- : y (;.r O
h=1~[ © e .O % o-f |
Stratum O O ._C'—‘G . O __ O O
h=2~[ o OOO a° s O
® — e +HYq o
: = [Heeo| "|H %
Parent Sample L Y J
R Sets of Half-Samples

For the computation of a survey estimate 8 based on replicate 7, the replication
weights (2) have to be modified in the following way:

e §
l1+¢ \/nh 1gh )wh,—jk, ifentry (h, r) = +1,

h

(5

while) = g if h
(1 - s\/m)whijk, ifentry (h, r) = -1.

The variance estimator of this BRR variant does not change and is given by equa-
tion (3). In surveys with very large sample sizes, this grouped variant of the BRR
might produce asymptotically incorrect results (Valliant, 1987). To overcome this is-
sue, Rao and Shao (1996) suggest repeating the random grouping T times and tak-
ing the average of the resulting T BRR variance estimators. To put it more succinctly,
random groups are formed T times at first from the primary sampling units in each
stratum and always based on the same Hadamard matrix of order R (resulting in R
multiplied by T replicates). Then, variance estimators var®(d) are computed for the T
sets of random groups (t = 1, ..., T). The mean of these estimators constitutes the re-
vised variance estimator:

var(0) :Tl 2var<‘)(é). (6)
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In simulation studies, Rao and Shao (1996) found that T = 30 produces unbiased re-
sults. The group variant of the BRR fits well to the design of the school samples of
NEPS and allows for computing unbiased variance estimators of related survey sta-
tistics.

The basic sampling weights might be subject to post-stratification and unit nonre-
sponse adjustment. To capture the possible impact of the weight adjustment on vari-
ance estimates, each set of replicates has to be treated with the same adjustment steps
as applied to the sampling weights (Rao & Shao, 1999).

4  Application to the Fifth- and Ninth-Grader Samples

To facilitate NEPS data users unbiased variance estimation, the NEPS methods group
provides replication weights for the BRR. In this section, we describe how these
weights were created and how they can be applied.

4.1 Construction of Replication Weights

The group variant of the BRR is well suited to estimate sample variances from the
fifth- and ninth-grader cohort samples of NEPS. Its central element is the stratum-
wise formation of random groups of primary sampling units. Here, we have to take
into account the fact that the variability of relevant student attributes might not only
differ remarkably between the different explicit strata, but also with respect to the
variables of implicit stratification (i. e., federal state, regional classification, and fund-
ing). To cope with this issue, we followed an approach used in PISA (OECD, 2005):
We formed so-called pseudo-strata grouping schools according to explicit and im-
plicit stratification variables. It is important to note that the data at hand comprise
only one school for some value combinations of the stratification variables consid-
ered in NEPS. For example, the ninth-grader sample comprises only one private spe-
cial-needs school in Mecklenburg-Vorpommern. However, BRR requires at least two
schools per stratum. Thus, it is unfeasible to build pseudo-strata on the basis of all
variables of explicit and implicit stratification. For the sake of convenience, we there-
fore constructed pseudo-strata only according to the variables of explicit stratifica-
tion and according to a geographical grouping of the federal states. More concretely,
we grouped the federal states into northern, southern, western, and eastern states.® In
sum, we formed 23 pseudo-strata for the ninth-grader sample and 9 pseudo-strata

6 The northern states are Schleswig-Holstein, Hamburg, Mecklenburg-Vorpommern, Bremen, and Nie-
dersachsen. The group of southern states contains Bayern and Baden-Wiirttemberg, and the group of
western states consists of Nordrhein-Westfalen, Hessen, Rheinland-Pfalz, and Saarland. Finally, the
eastern states are Berlin, Brandenburg, Sachsen, Sachsen-Anhalt, and Thiiringen.
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Table 3 Numbers of Sampled Schools in the First Wave of the Ninth-Grader Sample According
to the Pseudo-Strata Formed

Pseudo-Stratum Northern Southern Western Eastern
States States States States
Gymnasien 30 42 57 20
Hauptschulen 28 92 58 3
Realschulen 20 43 39 2
Integrierte Gesamtschulen 17 2 29 7
Schools offering all tracks of 12 0 9 35

secondary education except
an academic track

Special schools 23 16 42 22

Table4 Numbers of Sampled Schools in the First Wave of the Fifth-Grader Sample According
to the Pseudo-Strata Formed

Pseudo-Stratum Northern Southern Western Eastern
States States States States
Regular schools offering 40 62 64 16

schooling to fifth graders and
not to ninth graders

Special schools 13 10 23 11

Regular schools offering 21
schooling to fifth graders and
to ninth graders

for the fifth-grader sample.” The distribution of schools according to distinct pseudo-
strata is given in Table 3 and Table 4.

Furthermore, we randomly divided the set of schools in each pseudo-stratum into
two groups of almost equivalent size. To determine the group sizes, we used formu-
la (4). Once the groups had been created, we assigned them to one of the two half-

7 Except for the academic track in the southern states, the ninth-grader sample does not contain any
school that offers all tracks of secondary education. Therefore, the sum of 24 possible pseudo-strata
reduces to 23. The fifth-grader sample comprises three explicit strata: special-needs schools, regu-
lar schools offering schooling to fifth graders and not to ninth graders, and regular schools offering
schooling to fifth graders and to ninth graders. The latter contain mainly schools in Berlin and Bran-
denburg. Therefore, schools in this stratum have not been further subclassified according to the four
federal state groups defined. Hence, we yield nine pseudo-strata in total for the fifth-grader sample.
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samples of each replicate. For this purpose, we used a Hadamard matrix A of order
12 and 24. This matrix allowed us to derive a minimal set of balanced replicates: For
H = 9 (the number of pseudo-strata in the fifth-grader sample) and for H = 23 (the
number of pseudo strata in the ninth-grader sample), R = 12 and R = 24 satisfy con-
dition (1). On the one hand, the entries of A (except the row containing only 1s) de-
termine to which half-sample a random group of schools will be assigned and on the
other hand, they determine how many replicates will be created (here, 12 and 24). To
give an example, we provide an illustration of the first six rows and columns of the
Hadamard matrix A of order 24 are below:

+1+1+1+1+1+1
+1-1-1+1-1-1
+1-1+1-1-1-1
+1+1-1-1-1+1
+1+1-1-1 1+1
+1-1-1+1 1+1

The pseudo-stratum “Gymnasien in the northern states” of the ninth-grader sam-
ple comprises 30 schools, and the stratum “Gymnasien in the southern states” con-
tains 42 schools (see Table 3). In each stratum, two random groups were created: In
the pseudo-stratum “Gymnasien in the northern states,” Group 1 and Group 2 in-
clude 15 schools each. In the pseudo-stratum “Gymnasien in the southern states,”
21 schools were assigned to Group 1 and 21 schools to Group 2. According to the cor-
responding entries of A (i.e., (2,1) = +1 and (3,1) = +1), in the first replicate, Group 1
of both strata is part of Half-Sample 1, and Group 2 is part of Half-Sample 2. In con-
trast, Half-Sample 1 of the second replicate includes Group 2 of the pseudo-stratum
“Gymnasien in the northern states” and Group 2 of the pseudo-stratum “Gymnasien
in the southern states” Accordingly, the second half-sample contains Group 1 of the
pseudo-stratum “Gymnasien in the northern states” and Group 1 of the pseudo-stra-
tum “Gymnasien in the southern states” The respective entries of A are (2,2) = —1 and
(3,2) = 1. Figure 2 illustrates the example. Note that only as many rows of A are used
as there are strata, and all remaining rows are untouched. Relying on the assignment
of school groups to half-samples, formula (5) determines the computation of the ac-
cordant replication weights. To improve the applicability of the BRR, we repeat the
creation of random groups of schools and the subsequent assignment of groups to
the half-samples T = 30 times (Rao & Shao, 1996), thereby yielding 720 sets of repli-
cates for the ninth-grader sample and 360 sets of replicates for the fifth-grader sample.

Up to this point, an NEPS data user could have created replication weights for
the BRR by him- or herself using the published data without being reliant on sup-
port from the NEPS methods groups. However, the replication weights derived so far
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Figure 2 The schools in the pseudo-strata “Gymnasien in the northern states” and “Gymnasien
in the southern states” of the ninth-grader sample are divided into two random groups: Group 1
and Group 2. According to the entries of the Hadamard matrix A, these groups are assigned to
the half-samples of the replicates.
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have not been corrected for unit nonresponse. In the NEPS, the data on nonresponse
among schools and students is highly confidential due to legal data security regula-
tions. Studies conducted by the NEPS methods group revealed that school and stu-
dent nonresponse is systematic in the fifth- and ninth-grader samples (Steinhauer,
Afimann, Zinn, Gof8imann, & Réssler, 2015). Neglecting this fact when analyzing the
NEPS data might lead to bias in survey estimates. To nevertheless allow for the ap-
plication of the BRR method, the NEPS method group provides replication weights
that are adjusted for institutional and individual nonresponse. For the nonresponse
adjustment of the replication weights, we employed the same methods and models
as were applied to the sampling weights: We used cell weighting to adjust for non-
response at the school level and response propensity modeling to correct for nonre-
sponse at the individual level. Both approaches are described in great detail in Stein-
hauer, ABmann, Zinn, GofSmann, & Réssler (2015).

For the construction of half-samples, we applied a BRR variant that uses a per-
turbation term (see equation (5)), that is, the distinct half-samples of the replicates
schools were weighted differently. Thus, to ensure a reasonable weight adjustment,
each school had to enter the nonresponse model accordingly weighted. The accord-
ing weighting factors k{)(¢), h=1, ..., H;i=1, ..., m; r = 1, ..., R, can easily be de-
rived from equation (5):
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— 1
1+e4 M) if entry (h, r) of Hadamard matrix A is +1,
ki)(e) = &
hi 1
l1-¢ \/ - 8 & if entry (h, r) of Hadamard matrix A is —1.
n = &

For the fifth- and ninth-grader samples, any post-stratification to external population
distributions data was not deemed necessary (Steinhauer et al., 2015). Therefore, the
BRR replication weights were not subject to post-stratification either.

4.2 \Variance Estimators of Selected Survey Statistics

We subsequently illustrate the application of the BRR replication weights provided by
the NEPS methods group. We show how to obtain reasonable variance estimates for
two selected survey statistics, which might be of interest when analyzing the NEPS
fifth- and ninth-grader sample. First, we compute the proportion of migrants in the
fifth and ninth grade in German schools. Second, we study the aspiration of students
in the ninth grade concerning educational attainment.

Proportion of migrants in the fifth and ninth grade in German schools

The NEPS fifth- and ninth-grader sample comprises information regarding the mi-
gration background of students. Based on this information, the NEPS provides a vari-
able that describes the migration generation status of a student up to the 3.5" gen-
eration (Olczyk, Will, & Kristen, 2014). Here, a student is assigned to belong to the
group of migrants of the 3.5" generation if at least two of the student’s grandparents
were born abroad. We use this variable to quantify the proportion of fifth- and ninth-
graders with migration background in German schools. In total, 5,555 fifth graders
and 15,308 ninth graders took part in the first and the second wave of the NEPS study.
The migration background of 5,487 fifth graders and 15,288 ninth graders could be
identified. Thus, the migration background of 68 fifth graders and 20 ninth graders
is unknown. To determine the proportion of fifth- and ninth-graders with a migra-
tion background in German schools, we assume two scenarios: In the first scenar-
io, we assume that none of the students with unknown migration background has a
migration background, and in the second scenario, we assume that all students with
an unknown migration background have a migration background. Hence, we yield
a minimum and a maximum value for the proportion of students with a migration
background. To compute the proportions, we account for unequal sampling proba-
bilities by attaching the corresponding sampling weight to each student. The respec-
tive values are given in Table 5. Apart from special-needs schools and schools that of-
fer schooling only to fifth graders and not to ninth graders, we find almost the same
values for scenario one and two. The proportion of migrants in the fifth grade ranges
from 14.1 % to 50.7 %, and in the ninth grade from 19.8 % to 42.4 %. For convenience,
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Table 5 Proportion of Students With Migration Background

School type Fifth graders Fifth graders Ninth graders Ninth graders
1st scenario 2nd scenario 1st scenario 2nd scenario

Grundschulen 0.215 0.242 - -

Orientierungsstufen 0,433 0,433 - -

Hauptschulen 0,374 0,374 0,423 0,424

Realschulen 0,279 0,286 0,273 0,274

Gymnasien 0,272 0,274 0,226 0,226

Integrierte Gesamtschulen 0,363 0,376 0,377 0,383

Schools offering all tracks of sec- 0,141 0,147 0,198 0,201

ondary education except an aca-

demic track

Special schools 0,331 0,507 0.348 0.349

we assume subsequently that all students with an unknown migration background
have a migration background, that is, we restrict computations to those that follow
to Scenario 2.

To check the significance of the results, we compute confidence intervals for the
derived proportions. To do this, we use two approaches: a naive approach that as-
sumes simple random sampling and the BRR approach. Figures 3 and 4 show the
corresponding results. Overall, the sampling variance (and hence, the confidence in-
tervals) achieved by the both approaches do not significantly differ. Nevertheless, we
find that in the fifth-grader sample, the naive approach leads to a slight overestima-
tion in the variability of the proportion of migrants in Gymnasien, special schools,
schools offering all tracks of secondary education except an academic track, Grund-
schulen, and Orientierungsstufen. For Hauptschulen, the approach results in a slight
underestimation. Likewise, in the ninth-grader sample, the naive approach causes a
slight underestimation in the variability of the proportion of migrants in Gesamt-
schulen and a slight overestimation of the migrant proportion in special schools.
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Figure 3 Confidence intervals of the proportion of fifth graders with migration back-
ground computed without and with using sampling and replication weights (SRW); MB:
Schools offering all tracks of secondary education except an academic track
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Figure 4 Confidence intervals of the proportion of ninth graders with migration background
computed without and with using sampling and replication weights (SRW); MB: Schools offer-
ing all tracks of secondary education except an academic track
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Aspiration of ninth graders concerning educational attainment

In the ninth-grader sample, students were asked to realistically assess the highest edu-
cational degree they might be able to attain. They could choose between leaving school
without graduation, lower secondary school with graduation from Hauptschule or
Realschule, and graduation from secondary school qualifying for university admis-
sion (Abitur). In this simple example, we employ a logistic regression to study the
circumstances that drive the educational aspiration of students. The model fits, re-
gardless of whether or not a student aspires to graduate from secondary school quali-
tying for university admission. We consider six explanatory variables (their values are
given after the colon):

o gender: female and male,

o the type of school a student attends: Gymnasium, Hauptschule, Realschule, Inte-
grierte Gesamtschule, schools offering all tracks of secondary education except an
academic track (MB),®

+ migration background (at least one parent was born abroad): yes or no,

« the grade point average of a student based on his/her grades in mathematics and
German: ranges from 1 to 6,°

o the educational attainment of the mother (whether the mother of a student gradu-
ated from secondary school qualifying for university admission or not): yes or no,

o the educational attainment of the father (whether the father graduated from sec-
ondary school qualifying for university admission or not): yes or no, and

o the socioeconomic status of a student (mapped by the highest value of the ISEI
index of both parents): ranges from 10 to 89.

All these variables are available in the ninth-grader sample of the NEPS." In this ex-
ample, we face a high number of missing values. Complete cases only exist for 49 %
of all considered cases. A sophisticated way to cope with this problem is to impute
the incomplete data by chained equations (mice). This approach specifies a multivari-
ate imputation model by a set of conditional densities, one for each incomplete vari-
able (van Buuren & Groothuis-Oudshoorn, 2001). The approach is easily manage-
able, and associate software exists (van Buuren & Groothuis-Oudshoorn, 2011). To
produce consistent variance estimates, we apply the BRR method, with replication
weights adjusted for nonresponse among schools and students. Using mice and the
BRR method in combination does not pose a problem: Consistent results are ensured
if the data at hand is (multiply) imputed as often as replicates exist—applying the re-
spective set of replication weights each time. Thereafter, the results are combined as

8 In this analysis, we omit students from special-needs schools because they hardly aspire towards a
graduation from secondary schools that would qualify them for university admission.
In the German schooling system, grade “1” indicates the best achievement and “6” the worst.

10 The respective Scientific Use Files are available at the NEPS data center, doi: 10.5157/NEPS:SC4: 1.1.0.
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Table 6 Coefficients of the Estimated Model and the Associated 95 % Confidence Intervals (Cl)
With and Without Applying Sampling and Replication Weights (SRW)

Variable Coefficient Cl without SRW Cl with SRW
Age
Older than the median age -0.241 (—0.356, —0.125) (-1.246, 0.765)
Gender
Female 0.188 (0.087, 0.290) (-0.553,0.931)
School type
Hauptschule -4.469 (—4.683, —4.255) (—10.443, 1.505)
Realschule -3.153 (=3.290, -3.015) (—4.976, -1.329)
Integrierte Gesamtschule —2.004 (-2.167,-1.841) (—4.468, 0.460)
MB -3.441 (-3.662,-3.219) (-7.050, 0.169)

Migration background

Yes 0.291 (0.170,0.411) (—0.620, 1.203)
Mother has Abitur

Yes 0.434 (0.295,0.573) (—0.478, 1.346)
Father has Abitur

Yes 0.431 (0.281,0.581) (-0.474,1.337)
Grade point average -1.249 (-1.327,-1.170) (—1.901, —0.596)
Highest value of ISEI 0.014 (0.011,0.017) (=0.029., 0.056)

Number of cases:* 14,373.

* After subtracting all special school students from the sample of ninth-grade students attending the first and the sec-
ond wave of NEPS, the sample comprises 14,378 students. Five of these students did not participate in the survey. For
them, only data on parental interviews are available. Hence, 14,737 students remain for analysis.

described in Section 3.2. While the computational burden of such processing is high,
the hardware is less of a problem today. We estimate all logistic regression models
with sampling weights using the method of weighted least squares.'* Table 6 shows
the coefficients of the estimated model and the associated 95 % confidence intervals
with and without applying sampling and replication weights for variance estimation;
see also Figure 5.

11 In order to fit the model, we used the Irm function of the rms package of the statistical software R.
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Figure 5 The coefficients of the estimated logistic regression model (black dots) and the
associated 95 % confidence intervals (vertical lines in grey) computed with and without using
weights (SRW); Mig: migration background, GPA: grade point average, MB: schools offering all
tracks of secondary education except an academic track, Abi Mother: mother has Abitur, Abi
Father: father has Abitur, HISEI: highest value of ISEI
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The results demonstrate that neglecting the sampling design when estimating the
variance of the regression coeflicients leads to a clear underestimation. When apply-
ing sampling weights and replication weights for variance estimation, that is, when
accounting for the sampling design, most of the effects that were significant before
become insignificant. However, considering the fact that the sample at hand is not a
self-weighted one but is subject to rather variable sampling weights,"” this is not a sur-
prising outcome. In such cases, sampling weights almost always increase the standard
errors of regression estimates (Gelman, 2007). The reason is that sampling weights
are derived to allow for making inferences on the population level, and if sampling
weights vary notably, any analytical inference reflects the accordant uncertainty. In
conclusion, the example shown underlines the feasibility of using an approach ac-
counting for the sampling design when estimating sampling variances.

A proper way to circumvent sampling weights and variance corrections like the
BRR method in a regression model is by including the sampling design in the mod-

12 The sampling weights range from 0.114 to 2.454, with a median value of 0.928.
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eling process. In other words, the modeler uses a modeling approach that maps the
structure of the sample and includes all design-specific variables as explanatory vari-
ables. In the considered example, this could be achieved by using a multi-level model
that accounts for the fact that students are nested within schools and that regards fed-
eral state differences in the German educational system.

5 Conclusion

In this article, we have described how the BRR method can be applied to obtain (ap-
proximately) unbiased variance estimators for survey statistics computed from the
NEPS fifth- and ninth-grader samples. For this purpose, we first detailed the prin-
ciples of the BRR method and then presented its application to the NEPS data. In
this context, we elaborated the derivation of replication weights necessary to conduct
the method. Furthermore, we described how these weights were adjusted to cope
with unit nonresponse among schools and students. Finally, we illustrated the BRR
method by means of two examples: First, we computed estimates and confidence in-
tervals for the proportion of migrants in the fifth and ninth grade in German schools.
Then, we employed a logistic regression to study the aspiration of students in the
ninth grade concerning educational attainment. The results of both applications un-
derline the importance of using an approach that regards the sampling design of the
NEPS data for variance estimation.

Currently, replication weights are built using pseudo-strata formed according to
school types and a geographical grouping of federal states. For many objectives, such
a classification is absolutely sufficient. However, depending on the subject being stud-
ied, further school characteristics might also have explanatory power on the variance
of the subject of interest. For example, concerning an offering of additional educa-
tional courses, schools that are financed by public money might considerably differ
from schools that are financed by private money. Likewise, whether a school is lo-
cated in a city or the countryside might have an effect on the variety of the cultural
activities of the students. The fifth- and ninth-grader samples of NEPS are not rich
enough to facilitate a meaningful sub-classification according to a large set of stratifi-
cation variables. That is, in any case, the feasibility of the variance estimates computed
by using the replication weights provided depends on the research object.

In view of the sampling design of the considered samples, multilevel modeling of-
fers a general alternative to simple regression modeling. It allows for a direct consid-
eration of the design-based features. Multilevel event history models, in particular,
lend themselves to the description of longitudinal data sets such as the NEPS fifth-
and ninth-grader samples.
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Challenges in Gaining Access: The School Cohorts
of the National Educational Panel Study

André Miller-Kuller, Sonja Meixner and Michaela Sixt

Abstract
One of the German National Educational Panel Study’s (NEPS) main responsibili-
ties is to collect data on the educational processes and competence development
of students in schools. Access to the NEPS school samples is administered on
an institutional basis. With regard to the multilevel-/multi-informant perspective,
parents, teachers, and school principals are also requested to participate in order
to receive important context information about our target persons. In addition to
the special requirements of this study design, major challenges to the administra-
tion of school studies arise mainly due to the federal sovereignty and responsibil-
ity of the German educational system and to the fact that participation in all NEPS
surveys is voluntary. Furthermore, the special design of the NEPS and its claim of
maintaining cross-cohortional coherence provide challenging tasks, particularly
with regard to obtaining access to schools and requesting the authorization of sur-
veys in each wave. During the negotiation and administration processes within
a multidimensional system with multiple players (scientists, ministries, schools,
targets, etc.), various—sometimes competing and changing—interests need to be
brought in line. In addition, dealing with and operationalizing a multicohort se-
quence design requires specific strategies that have had to be implemented to cope
with the inherent complexity of the study. This article points out some central as-
pects, developments, and efforts in dealing with these challenges after three years
of NEPS fieldwork.
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1 The School Cohorts in the NEPS Multicohort Sequence Design

Education has become one of the most important key factors not only for societ-
ies and economics, but also for individual life chances. However, compared with the
importance of education, there is rather little knowledge about how competencies
develop and education is acquired over the life course in Germany. There are no ad-
equate panel studies, and there is a lack of longitudinal data (Blossfeld & Schneider,
2011). The National Educational Panel Study (NEPS), with its multicohort sequence
design, was set up to find out more about how education is acquired, to understand
how it impacts individual biographies, and to describe and analyze the major edu-
cational processes and trajectories across the life span (Blossfeld, von Maurice, &
Schneider, 2011). Not only is the design challenging, but so, too, is getting access to
and recruiting the participants as well as the administration of the surveys in the dif-
ferent cohorts of the NEPS, which is described for the school cohorts, in particular,
in the following section.

In the following section, the current text provides a deeper insight into the design
and realization of the school cohorts located in the NEPS multicohort sequence de-
sign. Section 2 documents the challenges arising from legal regulations, and Section 3
focuses on aspects relevant in accessing and administering school surveys.

The multicohort sequence design is a very innovative and also complex design for
collecting comparative data on competence development and educational pathways
over the whole life course. The idea is to start with six panels at the same time and fol-
low the participants on their educational careers through manifold educational stages
and transitions. By representing the life course throughout these six cohorts and sur-
veying them parallel to one another, the NEPS is able to provide data for the whole
life course after only a few years.

Implementing the multicohort sequence design in the first funding phase means
designing and administering 72 main surveys in all cohorts, which together represent
about 60,000 target persons and 40,000 context persons. Because of our standardized
process of developing, evaluating, and optimizing the instruments and survey proce-
dures, there are about another 90 development, pilot, and linking studies that accom-
pany our main studies. The preparation of the instruments for a main study begins
with an extensive review of literature, expert interviews, and/or cognitive pretests.
Then, several development studies follow, particularly those for the competence tests.
Furthermore, there is always a pilot study one year before a main study goes into the
field. In the pilot studies, instruments and survey procedures identical to those used
in the main survey are employed to test if everything works well. There are some
studies, especially in the school cohorts, to investigate mode effects, for example, if a
change from testing with paper and pencil to computer-based assessment makes
a difference. Additionally, there are linking studies after the main surveys to assure a
comparable measurement of competencies over the life course. Each sub-study fol-
lows standardized procedures and is accompanied by the Survey Coordination De-



Challenges in Gaining Access 87

partment to implement the multicohort sequence design effectively and to collect
data all in one piece (see Ristau & Beyer, this volume). Furthermore, implementing
the multicohort sequence design and producing comparable data does not mean that
the same techniques are used in every sample. Rather, this means that it is important
to think very carefully about the target persons and their specific situations, especial-
ly when designing surveys with cohort-specific instruments, survey modes, and mo-
tivation- and incentive strategies. This is especially the case when looking at the two
school cohorts because there are various possibilities of transitions to other educa-
tional trajectories.

In most of the Federal States of Germany, students enter secondary education after
Grade 4." Upon the transition, the lower secondary school system splits into different
tracks or types of school systems, principally the Hauptschule, Realschule, Gesamt-
schule, and Gymnasium. The Gymnasium and the Gesamtschule are the tracks that
lead directly to upper secondary education and a certificate for entering higher edu-
cation, whereas the other tracks prepare students for vocational training. Lower sec-
ondary education ends with Grades 9 or 10, depending on the federal state. Students
may then enter upper secondary school (gymnasiale Oberstufe), which is situated es-
sentially in two school types, namely the Gymnasium and the Gesamtschule. Alterna-
tively, students may enter the vocational educational system or the labor market. To
cover all these transitions in detail, the NEPS contains two panel studies in schools,
with cohorts starting in Grades 5 and 9 (see von Maurice, Blossfeld, & Rof8bach, this
volume).

Although it would be efficient to do the same survey procedures in both panels,
the participants’ different educational situations, which lead to differences in the co-
hort- and survey design, have to be kept in mind. For both school cohorts, we draw
a class-based sample (see Section 3) and follow the students on their way through
school beginning with Grades 5 and 9 in the fall of 2010. Because very little is known
about students with special educational needs in the area of learning (SEN-L), the
NEPS also draws an additional panel of this population to answer the question of
whether and how students with SEN-L can be meaningfully included in the large-
scale assessment. This question is examined by a series of feasibility studies (see
Nusser, Heydrich, Carstensen, Artelt, & Weinert, this volume, and Heydrich, Weinert,
Nusser, Artelt, & Carstensen, 2012).

The surveys of the first waves are based on group testing in school with several
paper-and-pencil tests and a paper-and-pencil questionnaire for the students, paper-
and-pencil questionnaires for the teachers, as well as paper-and-pencil questionnaires
for the principals of the schools. Furthermore, there is a computer-assisted telephone
interview with one parent to obtain even more background information. Surveying
context persons completes the picture of the social and learning environments of

1 There are two exceptions: In Berlin and Brandenburg, there are another 2 years of elementary school
before students enter lower secondary school after Grade 6.
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the students. Furthermore, information about the regional context, are available for
the schools and the homes so that metadata on regional and local levels down to the
families’ neighborhoods can be merged. In both cohorts, a multi-informant (student,
parent, and teacher) as well as a multilevel perspective (student, class, and school) is
of central importance to get as much information as possible and to comprehensively
map the participants’ contexts.

In both NEPS school cohorts, tests and questionnaires for the students are admin-
istered in groups at school, and contact with the target persons is organized via the
school. As long as the respondents visit the schools where the NEPS is conducted, it
is comparatively easy to reach the respondents and to keep them in the panel. How-
ever, if a respondent leaves the NEPS school because he or she has changed schools,
or if his or her school cancels its participation in the study, other methods must be
found to stay in contact with this special group of respondents and to collect data in
a way that is comparable with the main field survey. Therefore, a concept of survey-
ing these respondents in an individualized way has been developed by NEPS: the field
of individual retracking. With this individual field in the school cohorts, the NEPS is
able to survey not only the mainstream and the standard paths through school, but
also nonstandard careers and individual pathways over the life course (see Sixt, Goy,
& Besuch, this volume). As a result, the first transitions that the NEPS has to handle
in its school cohorts are the transitions from the main field in school into the field of
individual retracking (see Figure 1).

In addition to this adjustment of the design in our school cohorts, we are also in-
terested in the transition to the vocational educational system. For the cohort of the
ninth graders, it is possible to change from upper secondary education to the voca-
tional educational system. Because respondents leave school and spread out over the
whole country, a group-based survey would be impossible. Therefore, in this educa-

Figure 1 Transitions in the school cohorts
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tional stage, we switch the survey mode and administer a computer-based telephone
interview as well as face-to-face testing and interviewing at home with a survey pro-
gram related to the instruments for the participants who stay in school. Furthermore,
we increase the survey cycle to semi-annual surveys to stay in contact and get infor-
mation about transitions (Ludwig-Mayerhofer, Solga, Leuze, & Dombrowski, 2011).

As shown, the designs of the two school cohorts are rather complex due to the
manifold individual pathways NEPS wants to cover. Besides the challenges connect-
ed with the design of the study, there are special challenges in getting access to the
school cohorts.

2  Legal Challenges

First of all, it is important to note that the participation in all NEPS surveys is—in
contrast to other representative large-scale assessments—voluntary for all partici-
pants. Schools, school principals, teachers, students, and students’ parents are not
obligated to respond; rather, they can freely decide to do so. Therefore, it is the re-
sponsibility of NEPS researchers to make participation in the study popular for ev-
ery target institution and person and also to manage the legal challenges that emerge
from the structural condition (for a total of about 70 sub-studies in the context of the
two starting cohorts from 2009 to 2013). The challenges mainly arise due to the fed-
eral sovereignty and responsibility of the German educational system. Conducting a
national school survey in Germany, as well as gaining access to schools and recruit-
ing respondents within the school context, in particular, is primarily a special case of
jurisdiction for this reason.

In Germany, national school surveys require an explicit permit by the ministry of
education of each federal state.” In general, the ministerial authorization process in-
cludes the control of compliance of all survey procedures and documents with the
school law and the data protection law. The intended sampling procedures and data
collection procedures, in particular, as well as all instruments and materials from
each single sub-study, are inspected and need ministerial consent before they may be
used in the field (see Figure 2).

Primarily, the respective educational act of the federal state is taken by the min-
istries as a basis for their review process. The ministries” task here is to maintain the
interests of their subordinated institutions and the associated persons, such as school
principals, teachers, students, and students’ parents, as well as to assume direct re-
sponsibility for these institutions concerning scientific research projects within the
school context. For example, the ministries check the questionnaires to see if there
are any questions on them that may lead the students to self-accusation, such as ques-

2 North-Rhine-Westphalia represents an exception in which explicit ministerial permission is not nec-
essary.
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Figure 2 Negotiation levels within the legal authorization process
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tions about criminal behavior. Such questions are not allowed and are eliminated
from the questionnaires by the ministries, even if the scientific value of these ques-
tions may be high and researchers expect new and interesting findings. Another ob-
jective of the ministerial review process is the reduction—as far as possible—of the
cognitive and temporal burden of the students, which comes along with the surveys.
If the questioning and testing takes too much time in the ministries’ opinion, they
impose reductions on the instruments. Furthermore, the ministries critically ana-
lyze the time and effort that schools need to spend on the coordination and organiza-
tion of the surveys running in these schools. They pay attention to the preservation
of the daily routine in schools and therefore place a high value on effective survey
procedures.

As already mentioned above, the ministries also take care of the compliance of the
survey with data protection regulations. Priority here is given to the respective edu-
cational act of the federal state that regulates data protection issues for research proj-
ects in schools to some extent. If the educational act does not comprise appropriate
data protection regulations, the ministries of education refer to the data protection
act of their federal state or to the German Federal Data Protection Act (Bundesdaten-
schutzgesetz) as a guiding framework of data protection issues (Meixner, Schiller, von
Maurice, & Engelhardt-Wolfler, 2011).

The goal of this part of the ministerial review process is to take responsibility for
the right to privacy of all survey participants within the school context. The right
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to privacy includes the right to informational self-determination. This derives from
the Basic Constitutional Law of the Federal Republic of Germany (Grundgesetz fiir
die Bundesrepublik Deutschland) and simultaneously from the German Federal Data
Protection Act. According to this act, all survey participants are to be protected from
unregulated disclosure and utilization of personal data. Therefore, the ministries of
education examine whether respondents put themselves at a disadvantage through
their participation in the NEPS surveys and the disclosure of data that comes along
with these surveys, especially because the participants’ contact data are collected due
to the panel design of the NEPS, which requires questioning and testing the same stu-
dents several times. In general, contact data are very sensitive data because they allow
for a clear re-identification of the participants; therefore, the data protection laws pro-
vide a strict handling of this sort of data (see also Arbeitskreis Deutscher Markt- und
Sozialforschungsinstitute e. V. (ADM), Arbeitsgemeinschaft Sozialwissenschaftlicher
Institute e. V. (ASI), Berufsverband Deutscher Markt- und Sozialforscher e. V. (BVM),
& Deutsche Gesellschaft fiir Online-Forschung e. V. (DGOF), 2011; Meixner et al.,
2011). In this context, the ministries of education therefore focus strongly on the
NEPS’ compliance with the data collection-, data processing-, and data dissemination
procedures in terms of the current and general data protection standards. Moreover,
they attach high importance to the method of collecting the respondents’ consent to
participate in the NEPS surveys and, in addition, to the kind of information about the
survey with which they are provided.

Ultimately, the ministerial review process results in a professional statement about
the planned school survey by the ministry of education of each federal state. When
a state claims modifications, negotiations between the ministry and the researchers
about possible adjustments follow (see Figure 2). In general, these negotiations are
very complex and resource-intensive.

In general, the negotiations focus on finding appropriate solutions for all federal
states in order to avoid any variations due to federal-state-specific adjustments as far
as possible. In this context, it is also essential to take account of the longitudinal de-
sign of the NEPS and the claim of cross-cohortional coherence in questioning and
testing. Altogether, this is quite a difficult task considering the 16 different school
laws as basis for the negotiations. Furthermore, despite the existence of a general Ger-
man Federal Data Protection Act and of quite similar core elements of the accompa-
nying 16 data protection acts of the federal states, slight differences between the for-
mulations of the data protection laws leave room for interpretation. This contributes
to active discussions with the ministries, and endeavors are made to come to a mu-
tual agreement.

Within the negotiations between the researchers and the ministries, scientific in-
terests and requirements sometimes compete with ministerial interests. Metschke
and Wellbrock (2000) and as well Hader (2009) point out that the freedom of science,
in particular, which is guaranteed by the Basic Constitutional Law of the Federal Re-
public of Germany, may collide with general personal rights, mainly the right to in-
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formational self-determination. The deriving challenge for social science is therefore
to find an acceptable compromise between both claims and their realization. This re-
quires that the researchers, especially the survey management, have a solid knowl-
edge about both sides to bring the different interests in line and to get ministerial
authorization from each federal state in time. As a result, not only do divergent inter-
pretations and motivations have to be coordinated, but so, too, do the different in-
tensities, foci, and lengths of authorization procedures. For instance, the negotiation
processes in the first surveys took 10 to 22 weeks before reaching the federal states,
and the requirements of the ministries varied greatly. To make matters worse, minis-
terial requirements also change over time just as negotiators change. In the meantime,
these interactions with the ministries of education are routinely incorporated within
the NEPS survey processes but steadily call for interaction and cooperation.

In addition to the authorization of the school surveys by the ministries of educa-
tion, the sampled schools also need to show a willingness to cooperate, particularly
in recruiting the participants on-site (see Figure 2). At the school level, in some fed-
eral states, for example, in Hesse and North-Rhine-Westphalia, the consultation of
the respective school conference and the approval of the parents’ association is neces-
sary before carrying out a scientific research project at school. After the agreement of
the school to the participation in the NEPS surveys, students are sampled and asked
about participation. With regard to the multi-informant perspective of the NEPS, stu-
dents’ parents, teachers, and school principals are also requested to participate. As
mentioned above, there is no law obligating people to participate in the NEPS. Thus,
according to the data protection laws, the respondents’ written consent is needed un-
less special circumstances require another form, for example, telephone interviews
(see also Iraschko-Luscher, 2006). The written form is intended to protect people
against overly hasty or thoughtless consent and to force them to think about the pos-
sible consequences of this consent beforehand. However, this written form of consent
might increase the nonresponse rate in certain social groups and endanger the repre-
sentativeness of the sample (Arbeitskreis Deutscher Markt- und Sozialforschungsin-
stitute e. V. (ADM), n. d.; Metschke & Wellbrock, 2000).

A precondition of the students’” participation in the NEPS school surveys is the
(written) consent by both the student and one of his or her parents. Because parents
are responsible for their minor children (under 18 years) in school issues, they need
to agree to the participation of their children in the NEPS and sign the correspond-
ing consent form. Since the German data protection laws do not define an age limit
for the individual capacity of the discernment of minors, and since it is impossible
to verify this for each participant in the context of the study, we rely upon German
Criminal Law and ask for written consent in Grade 9 when the majority of the par-
ticipants have reached age 14.

Generally, the consent is only valid and effective if the individual has the abil-
ity to form a rational judgment about the issue and to make a free decision on his or
her participation or non-participation in the NEPS. Giving adequate and sufficient
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information to the participants is therefore an essential precondition to anticipate
the possible consequences of the participants’ consent. This information includes in-
formation about the sort of collected data (survey and contact data), the purpose of
data collection, the data processing, and the data utilization, as well as about the vol-
untariness of the participation in the NEPS and the possibility of withdrawing con-
sent at any time. In this context, it is not easy (and often not allowed) to avoid juristic
wording in the letters for the participants. Nevertheless, it is important that every-
one understand the information about the study, regardless of any individuals ed-
ucational background. We therefore also distribute easy-to-understand, target-spe-
cific flyers to the participants, which sum up the most important information about
the NEPS.

3 Challenges in Accessing and Administering School Surveys

In addition to the legal challenges in surveying students and the corresponding con-
text persons, special challenges with respect to accessing and administering school
surveys must be coped with. As described in Section 1, the sampling of the NEPS
school cohorts, and therefore, the access to and the surveying of participants, is based
on institutions. We chose this sampling strategy because institutions play a central
role in educational mediation. The strategy offers the possibility of the direct involve-
ment of educationally relevant mediators and informers, such as teachers and school
principals. Furthermore, this access and survey strategy (i.e., group testing in rela-
tively stable settings) is expected to be highly standardized and relatively cost- and
resource-efficient. The management of the challenging access and administration of
the NEPS school cohorts is described in the following section.

1) The size of the NEPS school samples and their composition (i.e., the stratification
and the desire of representativeness of the samples; ABmann et al., 2011) requires
particular efforts in the processes of sampling, recruitment, and survey adminis-
tration. More than 22,000 students in more than 800 institutions in 16 different
educational systems have to be handled in both of these cohorts. To produce com-
parable data for Germany, consistency and comparability of the survey instru-
ments is just as important as the need for equal survey procedures across all strata
and federal states. At all, this has to be done with respect to the structural pecu-
liarities of each country. Additionally, specific conditions relating to special sam-
ple populations, such as adjusted instruments for students with special needs and
motivation letters in foreign languages for migrants, must be taken into account.

2) As demonstrated above, the implementation of a panel design in school surveys
requires special legal procedures as well as measures to ensure the maintenance of
coherency and the comparability of the instruments and survey procedures over
the waves.
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Furthermore, additional requirements arise from the extensive survey program re-
sulting from the theoretical framework of the NEPS (see Blossfeld, von Maurice, &
Schneider, 2011) that cannot be realized in one survey taken during one school day.
Therefore, the survey program must be split up into several waves with the same par-
ticipants, and a variety of different instruments have to be administered in one survey
(2-4 school hours).

In addition, the organization of the surveys must consider the fact that the survey
time (i.e., the length of each survey instrument as well as the whole time, including
administration time) is not identical to the duration of a common lesson or a school
day as such. Moreover, in each interview and test setting, additional supervisors (i.e.,
teachers) have to be organized for legal reasons. Additionally, surveying the same in-
stitutions and participants repeatedly and/or on several occasions has to take into ac-
count the limited capacity of the heterogeneous stakeholders (e. g., with respect to
different processing times and the appropriateness of test difficulty).

Moreover, since panel studies are related and situated in a space-time continuum,
structural changes in the school systems of the federal states must be taken into ac-
count, such as changing transitions between educational stages as well as different du-
rations of school trajectories over time.

Beyond this, there are some real operative challenges that arise from the unique-
ness of the NEPS panel design. For instance, the NEPS survey plan provides annual or
bi-annual surveys in the school cohorts, which always have to be synchronized with
the school calendars. One complication in this context is the fact that the German
Federal States have different holiday schedules. This not only requires compliance
with the surveys themselves, but also with the entire preparation of the surveys (i.e.,
the timing of status and contact information updates, tracking processes, approval
procedures, etc.). Furthermore, the aim of surveying the same students repeatedly,
organized in group settings, different circumstances, and conditions such as class re-
peating and class- and course divisions, has to be considered. This leads to a great ef-
fort in gathering the participating students on the test day.

1) To get panel data as soon as possible, the studies of two school panels start near-
ly at the same time. For organizational reasons, they are partially managed in the
same schools. A total of 178 schools with either a fifth and/or a ninth grade were
recruited. The class-based sampling used in the main studies implies less effort for
schools than age-based sampling, which is—as seen in the pilot studies—a major
reason for schools not to participate. Nevertheless, the design with mostly four
classes of two grades at one school entails particular challenges for the instru-
ment developers, the data collecting institutes, and not least for schools and par-
ticipants.

2) Another feature of the NEPS is its multilevel and multi-informant approach to
the study of the effects of different school structures and school reforms as well
as the interactions between the individual and changing learning environments
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(Blossfeld et al., 2011). This is done in a manifold way. On the one hand, annual
surveys of the subject teachers and school principals of the participating students
are taken. Therefore, the link between students and their teachers has to be veri-
fied with each wave, and the respective actors have to be recruited and adminis-
tered. In addition to the corresponding survey instruments, appropriate proce-
dures and referrals have to be developed and administered. On the other hand,
context information is collected from the parents of the participating students.
This is done by computer-administered telephone interviews (CATI), usually dur-
ing each wave (see Section 1). Due to the peculiarities of the German school sys-
tem, the survey instruments and procedures are also reviewed by the ministries of
the federal states. With respect to the different requirements of the federal states,
complex survey procedures as well as survey tools (e. g., federal-state-specific ad-
ministration of the interview contents) have to be implemented.

3) Asmentioned above, participation in all NEPS surveys is voluntary at all times and
for all levels. Due to a greatly increased number of school surveys in recent years
with the ongoing empirization of educational research, willingness to participate
has continued to decrease. This effect was amplified by the negative evaluation re-
ports of federal state-specific school systems in national and international assess-
ment studies in recent decades. Therefore and due to the fact that extrinsic incen-
tives (e.g., feedback concerning individual teaching and performance diagnostics,
monetary incentivization, etc.) are limited for several reasons, the intrinsic moti-
vation of all actors must be acquired as far as possible. Minimizing burdens and
barriers with regard to participation is necessary to assure sufficient participa-
tion rates.

Due to these unique features, the NEPS design calls for a high flow of information
and close cooperation and support at different levels, for example, with the ministries,
schools, and participants. The following section provides a short overview of these
processes and how all this affects and interacts with the accessing and recruitment of
the NEPS school cohorts.

After the project was positively evaluated by the German Research Foundation
(DFG) and was funded by the Federal Ministry of Education and Research (BMBF),
the Standing Conference of the Ministers of Education and Cultural Affairs of the Lin-
der in the Federal Republic of Germany (KMK) announced its strong support of the
NEPS project. Besides this general statement, the KMK addressed a letter of support
to schools in which it appealed for support for the project. Furthermore, the NEPS
Project Management reports annually on the current project development, the survey
plans, and upcoming data releases to the KMK.

Due to the federalism and as shown above, not only is the legal authority of the
educational systems located in the German federal states, but so, too, is its structural
configuration. For this reason, it is essential to integrate the ministries of education of
the federal states in several processes. Starting with the sampling process of schools,



96 André Miiller-Kuller, Sonja Meixner and Michaela Sixt

the ministries provide and update the sampling frames and offer data to frame fea-
tures that are otherwise not accessible. In the process of school recruitment, in par-
ticular, the ministries offer assistance by sending letters of support and motivation,
by preparing and advertising information events for schools, by sending recruitment
and cover letters to schools, and by conducting school follow-ups.

One interesting element in this context is that the probability of school partici-
pation varies depending on the support of the ministries in the recruitment process.
We see that compared with a missing or lesser engagement of the ministries, the par-
ticipation rate of the schools is up to 30 % higher in the federal states in which the
ministries send out the motivation letter to the schools and follow up on the sampled
schools by themselves. A similar phenomenon can be identified for the liability of the
feedback of the schools in the survey process whenever the ministries are involved.
On the other hand, one can expect that the capacity of the ministries to actively foster
school participation decreases with the number of schools that have to be recruited
in their federal state. For this reason, special replacement strategies and parallel re-
cruitment for the realization of the targeted sample were implemented. For each ini-
tially sampled school, four replacement schools were derived that could replace the
possible dropout of the original school in a specified order (Affimann et al., 2011). In
the cohort of fifth graders, a total of 683 schools were contacted, 246 of which agreed
to participate. Of these schools, 37 withdrew their initial commitment and were re-
placed. In the cohort of ninth graders, a total of 1,741 schools were contacted, 584 of
which initially agreed to participate. 35 of these schools withdrew their initial com-
mitment and were also replaced.

Besides the KMK, the ministries of education and the schools have to be integrat-
ed directly because their commitment and support is more-or-less directly crucial to
the success of recruitment and gaining access. A central function, of course, lies with
the school principals, coordinators, and teachers. They are indispensable gatekeepers
at the meta- and individual levels in convincing relevant mediators, such as school
conferences, parents associations, and of course, the participants themselves. Fur-
thermore, they are directly involved in various administrative processes of the sur-
veys, such as organization and the provision of human and physical capacity (e.g.,
supervisors and rooms), when updating the status and contact information of the
targets. Finally, their own participation is important as a basic source of context in-
formation. Therefore, involved school principals and teachers have to be thoroughly
briefed as well as incentivized as far as possible to keep up their motivation and sup-
port of the NEPS.

In summary, the chosen access and survey strategies offer great possibilities for
studying the developments and trajectories of the targets in an innovative and com-
prehensive manner. However, these strategies are also associated with special chal-
lenges and requirements that should be kept in mind. Therefore, the central coordina-
tion of the project in general, as well as the processes of accessing and administering
the surveys, in particular, is both an essential and major task.



Challenges in Gaining Access 97

References

Arbeitskreis Deutscher Markt- und Sozialforschungsinstitute e. V. (ADM). (1994). Kern-
probleme im Datenschutzrecht und Standesrecht der demoskopischen Umfragefor-
schung. Retrieved from http://www.adm-ev.de/fileadmin/user_upload/PDFS/Kern-
probleme_D.pdf

Arbeitskreis Deutscher Markt- und Sozialforschungsinstitute e.V. (ADM), Arbeitsge-
meinschaft Sozialwissenschaftlicher Institute e.V. (ASI), Berufsverband Deutscher
Markt- und Sozialforscher e. V. (BVM), Deutsche Gesellschaft fiir Online-Forschung
e. V. (DGOF). (2011). Richtlinie zum Umgang mit Adressen in der Markt- und Sozial-
forschung. Retrieved from http://rat-marktforschung.de/fileadmin/user_upload/pdf/
RO7_RDMS.pdf

Aflmann, C., Steinhauer, H. W,, Kiesl, H., Koch, S., Schonberger, B., Miiller-Kuller, ...
Blossfeld, H.-P. (2011). Sampling designs of the National Educational Panel Study:
Challenges and solutions. In H.-P. Blossfeld, H.-G. Rofibach, & J. von Maurice (Eds.),
Zeitschrift fiir Erziehungswissenschaft, 14. Education as a lifelong process: The German
National Educational Panel Study (NEPS) (pp. 51-65). Wiesbaden: VS Verlag fiir So-
zialwissenschaften.

Blossfeld, H.-P., Rofibach, H.-G., & von Maurice, J. (Eds.). (2011). Education as a life-
long process: The German National Educational Panel Study (NEPS) [Special issue].
Zeitschrift fiir Erziehungswissenschaft, 14. Wiesbaden: VS Verlag fiir Sozialwissen-
schaften.

Blossfeld, H.-P., & Schneider, T. (2011). Data on educational processes: National and in-
ternational comparisons. In H.-P. Blossfeld, H.-G. Rofbach, & J. von Maurice (Eds.),
Zeitschrift fiir Erziehungswissenschaft, 14. Education as a lifelong process: The German
National Educational Panel Study (NEPS) (pp. 35-50). Wiesbaden: VS Verlag fiir So-
zialwissenschaften.

Blossfeld, H.-P., von Maurice, J., & Schneider, T. (2011). The National Educational Panel
Study: Need, main features, and research potential. In H.-P. Blossfeld, H.-G. Rofibach,
& J. von Maurice (Eds.), Zeitschrift fiir Erziehungswissenschaft, 14. Education as a life-
long process: The German National Educational Panel Study (NEPS) (pp. 5-17). Wies-
baden: VS Verlag fir Sozialwissenschaften.

Hider, M. (2009). Der Datenschutz in den Sozialwissenschaften: Anmerkungen zur Praxis
sozialwissenschaftlicher Erhebungen und Datenverarbeitung in Deutschland. (Working
Paper No. 90). Berlin: Rat fiir Sozial- und Wirtschaftsdaten.

Heydrich, J., Weinert, S., Nusser, L., Artelt, C., & Carstensen, C. H. (2013, September). In-
cluding students with special educational needs into large-scale assessments of com-
petencies: Challenges and approaches within the German National Educational Panel
Study (NEPS). Journal for Educational Research Online, 5(2). Retrieved from http://
www.j-e-r-o.com/index.php/jero/article/view/367

Iraschko-Luscher, S. (2006). Einwilligung—Ein stumpfes Schwert des Datenschutzes?
Datenschutz und Datensicherheit, 30, 706-710. doi: 10.1007/s11623-006-0196-0



98 André Miiller-Kuller, Sonja Meixner and Michaela Sixt

Ludwig-Mayerhofer, W., Solga, H., Leuze, K., & Dombrowski, R. (2011). Data on edu-
cational processes: National and international comparison. In H.-P. Blossfeld, H.-G.
Rof3bach, & J. von Maurice (Eds.), Zeitschrift fiir Erziehungswissenschaft, 14. Ed-
ucation as a lifelong process: The German National Educational Panel Study (NEPS)
(pp. 251-266). Wiesbaden: VS Verlag fiir Sozialwissenschaften.

Meixner, S., Schiller, D., von Maurice, J., & Engelhardt-Wolfler, H. (2011). Data protec-
tion issues in the National Educational Panel Study. In H.-P. Blossfeld, H.-G. Rof8bach,
& J. von Maurice (Eds.), Zeitschrift fiir Erziehungswissenschaft, 14. Education as a life-
long process: The German National Educational Panel Study (NEPS) (pp. 301-313).
Wiesbaden: VS Verlag fiir Sozialwissenschaften.

Metschke, R., & Wellbrock, R. (2000). Datenschutz in Wissenschaft und Forschung. Berlin:
Verwaltungsdruckerei Berlin.

About the authors

A. Miiller-Kuller
Leibniz Institute for Educational Trajectories (LIfBi), Bamberg.
e-mail: andre.mueller-kuller@lifbi.de

S. Meixner
University of Wiirzburg, Wiirzburg.

M. Sixt
Leibniz Institute for Educational Trajectories (LIfBi), Bamberg.
e-mail: michaela.sixt@lifbi.de



Cooperation and Communication Within Scientific
Organizations: The Role of Survey Coordination

Ina-Sophie Ristau and Stephanie Beyer

Abstract

This article describes challenges and practical implementations that occur as a re-
sult of the multi-cohort sequence design and the complex structure of the Nation-
al Educational Panel Study (NEPS). Due to the different starting cohorts within
the NEPS, there is a main differentiation in the sampling methods. Two of the six
starting cohorts are samples in individual contexts (newborns, adults), whereas
the other four are gathered through an institution-based approach (Kindergarten,
school Grades 5 and 9, and university). Because of the heterogeneity and com-
plexity of the samples, two surveying institutes are in charge of data collection.
The main goal of the Survey Coordination Department is to link all involved sec-
tions and to keep the communication processes transparent. Therefore, we point
out which practical solutions have been generated within the NEPS to face the
challenges emerging from its aim to describe educational processes over the indi-
vidual lifespan in a longitudinal design. The problem of complexity is discussed
theoretically but is primarily considered from a practical perspective.

1

Introduction

In institutions of a certain size, the question of how to solve problems due to com-
plexity arises. In general, this question is discussed in terms of issues of organizations
within the field of organizational theory as well as in subfields of business admin-
istration. These approaches cover organizations in a very broad range, such as for-
profit companies, international corporations, and non-profit organizations. However,
complexity is rarely seen as an issue of scientific organizations. This fact is surprising
because there has been an increase in the need for new and complex scientific net-
works in recent years, especially in the context of complex data collection and data-
dissemination facilities. The increasing complexity of data structures poses new and
diverse challenges to scientific organizations. Within this framework, scientists have

© Springer Fachmedien Wiesbaden 2016
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to cope with interdisciplinarity as well as cooperation with for-profit institutions (e. g.,
data-collection institutes) that often take part in scientific processes since these in-
stitutions have expertise in practical fieldwork. Therefore, communication and the
reduction of complexity are important factors for a functioning and successful work
process.

With this in mind, the following question arises: How can complexity within a sci-
entific organization be managed? To answer this question, we must provide insight
into a complex scientific institution: the National Educational Panel Study (NEPS).
In order to shed light on this issue, (1) we present common definitions of coordina-
tion and discuss the problem of complexity within organizations. In a second step,
(2) we demonstrate that this problem also occurs in the context of scientific institu-
tions concerning multiple dimensions such as design, structure, sampling, and com-
munication processes. In a third step, (3) the practical solutions to the problems of
complexity in scientific organizations are examined using the example of the NEPS.
We demonstrate how the Department of Survey Coordination has implemented vari-
ous instruments and processes to solve problems arising from complex structures.

2  Complexity, Coordination, and Communication
Within (Scientific) Organizations

There is a certain degree of complexity within organizations resulting from a range
of alternatives of action and an increasing number of actors or employees. The is-
sue of complexity is predominantly discussed within organizational studies and busi-
ness administration but has never been treated as an issue of scientific organizations.
Since science has to cope with issues of interdisciplinarity, projects often consist of
scientists from different disciplinary cultures and backgrounds. Additionally, mod-
ern scientific research often requires the involvement of for-profit institutions (e.g.,
data-collection institutes), which operate under economic principles. Taking these
different aspects into account, there is a growing need for coordination and commu-
nication management within scientific organizations. In this context, communication
has been discussed as the essential and integrating element in organizations that se-
cures their existence (cf. Oelert, 2003; Wolf, 2010). Without organized communica-
tion, organizations of a certain size would have to deal with the same problems over
and over again as well as the loss of information and competencies. In the worst case,
an uncoordinated organization might quickly collapse if it does not find a way to re-
duce complexity (cf. Luhmann, 1997). This is also an issue within scientific organiza-
tions. Cooperating with many institutions set in different locations is not only neces-
sary but also valuable and productive and makes coordination even more important.

Following Malone and Crowston (1994), coordination can emerge in any kind of
system, be it categorized as biological, human, or computational. Organizational the-
ory suggests a very broad definition of this phenomenon and defines coordination as
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“managing dependencies between activities” (Malone & Crowston, 1994, p. 90). Ad-
ditionally, recent research has “provided insight into the microprocesses involved in
coordinating [...] by shifting the analytic focus from coordinating mechanisms as
reified standards, rules, and procedures to coordinating as a dynamic social practice”
(Jarzabkowski, Lé, & Feldman, 2012, p. 907).

As shown above, the issues of coordination and communication processes have
been discussed in other contexts but have been neglected when it comes to scientific
organizations. Hence, we aim to shed light on this issue, especially in the context of
the administration of longitudinal surveys in scientific organizations, and we there-
fore provide insight into the current work of the Survey Coordination Department of
the NEPS to exemplify our coordination processes.

3  Complexity Within the NEPS and the Need
for Coordination Mechanisms

There are several factors that contribute to the enormous organizational complex-
ity and heterogeneity of a panel study. Parallelism of studies, heterogeneity of start-
ing cohorts and pathways, interdisciplinarity, and the cooperation with institutes lo-
cated all over Germany have to be taken into account, especially within the NEPS the
longitudinal design.' The need for coordination management arises from three main
points in particular: design, structure, and sampling.

3.1 Design

The NEPS has been set up to find out more about educational processes and trajec-
tories across the life span. It aims to explore how competencies develop over the life
course and how family, peer-group, and institutional contexts influence competence
development (cf. Blossfeld, Rofibach, & von Maurice, 2011). To answer this wide
range of questions, the NEPS uses a longitudinal design with six starting cohorts (six
panel studies, each one starting at a different stage in the life course). These cohorts
cover the whole life span from birth until retirement and have been realized through
a multi-cohort sequence design (cf. Figure 1), which allows for collecting and ana-
lyzing data in a life-course perspective. The different cohorts are connected to each
other, especially if target persons move from one cohort to another during their par-
ticipation within the panel. Therefore, it is crucially important that the processes and
survey materials be consistent.

In this context, a large number of sub-studies are needed. On the whole, the NEPS
realizes 165 quantitative sub-studies over a period of five years within its current fi-

1 For further information, compare von Maurice, Blossfeld, & Rof3bach in this volume.
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Figure 1 The multi-cohort sequence design (2007-2025)
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nanced period from 2009-2013. Due to design aspects, these sub-studies are split
into 72 main studies, 54 pilot studies, and 39 developmental studies that are subdi-
vided among the six starting cohorts. Data resulting from main studies are provided
to the scientific community as a Scientific Use File no more than 18 months after the
fieldwork has taken place.?

3.2 Structure

Due to the heterogeneity of the design as well as the numerous research questions, it
is essential that different disciplines and experts be combined in one team. To real-
ize the variety of sub-studies in form and content, more than 200 scientists from all
over Germany work within the NEPS. More than 90 researchers work at the Institute
of Educational Research Bamberg (INBIL), where the project management and the
Survey Coordination Department are also located. An interdisciplinary consortium

2 For further information, see www.neps-data.de.
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Figure 2 Geographical distribution of institutes and universities participating in the NEPS
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of research institutes, research groups, and leading researchers round out the NEPS

network (cf. Figure 2).
Allin all, there are currently over 30 different research units, which are integrated

in a framing concept following two underlying principles:

1) Educational biographies should be divided into eight stages with a particular fo-

cus on transitions from one stage to another.
2) Five major theoretical dimensions, the so-called “pillars,” should be captured.’

3 For further information, compare Blossfeld et al. (2011).
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Embedded in this framework is the Survey Coordination Department as well as the
Methods Department (cf. Blossfeld, von Maurice, & Schneider, 2011). For the realiza-
tion of each sub-study, it is essential to work together with experienced data-collec-
tion institutes and an interdisciplinary team. Since the sampling strategy comprises
individual and institutional sampling (Section 3.3), two data-collection institutes are
appropriate to cover these two different settings. One of the involved institutes within
the NEPS is the Institute for Applied Social Sciences (infas), which is an independent
institute for social research. The institute’s main expertise lies in the collection of data
based on individual interviews and computer-assisted telephone interviews (CATI),
in particular. The second institute is the International Association for the Evaluation
of Educational Achievement Data Processing and Research Center (IEA DPC), which
is specialized in research located in institutional settings, such as schools and Kinder-
gartens.

3.3 Sampling

Apart from the design and structure, the sampling of a longitudinal study also has
an effect on the degree of complexity. Within the sampling of the NEPS, a distinc-
tion is drawn between institutional and individual samples according to the context
in which the target population is located. Therefore, the starting cohorts of the Kin-
dergarten children, the fifth and ninth graders, and the first-year students are sam-
pled in institutional contexts (Kindergartens, schools, and universities). The newborn
and adult sample is drawn in an individual sampling frame with the admission of the
registration office.* As shown in Figure 1, the first sub-study of the NEPS took place
in 2009 within the adult starting cohort, followed by the Kindergarten, school, and
university starting cohorts in 2010. The newborns started as the last cohort in 2012.
In each starting cohort, a plurality of sub-studies, a variable number of developmen-
tal studies, and usually one pilot study followed by one or two main studies are con-
ducted per year.

3.4 Resulting Tasks for the Survey Coordination Department

Based on the above-mentioned complexity, a need for survey coordination and de-
fined processes is obvious. The Survey Coordination Department faces the challenge
of reducing the complexity of processes due to the multiplicity of cohorts and the
parallelism of sub-studies. Therefore, it is of fundamental importance to create trans-
parency as well as to link the involved parties of the NEPS-network, especially the
experts of each starting cohort, the experts of the five pillars, and the data-collection

4 For further information, compare Assmann et al. (2011).
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institutes. All interests, expertise, and participants can thus be led in a transparent
communication process and can finally produce high-quality data, which are then
made available to the scientific community.

4  Coordinating a Longitudinal Survey—The Practical Experience
of Scientific Coordination Within the NEPS

The Survey Coordination Department was implemented to handle the complexity dis-
cussed above, to avoid redundant working procedures, and to make certain processes
transparent. Based on the description in Chapter Two, the department’s task is to
manage dependencies among activities as well as to function as an interface of differ-
ent agencies, such as researchers, the Finance Department, and data-collection insti-
tutes. So far, the Survey Coordination Department has developed several procedures
(cf. Figure 3) as practical solutions to reduce complexity within the NEPS. These solu-
tions can be seen as a dynamic social practice constructed and reconstructed through
the activities of coordinating as described by Jarzabkowski et al. (2012).

To begin with, one of the central documents of the Survey Coordination Depart-
ment is the survey overview. This document comprises all planned sub-studies and
includes information about the basic parameters of each study (e.g., sample size,
starting cohort affiliation, field time, design aspects, etc.). It guaranties the coher-
ence and successful realization of all sub-studies in adequate succession. At a more
specific level, a start-up meeting is scheduled for each sub-study. It is held either as a
face-to-face meeting or as a telephone conference and is to be scheduled ten months
in advance with all relevant participants: the Survey Coordination Department, the
responsible persons in charge of the sub-study administration, and the data-collec-
tion institute. Responsibilities, tasks, and fields of activities are assigned in this con-
text. For instance, the head of the sub-study is chosen and given a fixed position. One
of the main tasks of the head of a sub-study is to create a time schedule that includes
every process needed to realize the sub-study and to bring this schedule into agree-
ment with all other parties. Moreover, the communication of changes and delays con-
cerning the timeline is important. Furthermore, the start-up meeting makes it pos-
sible to define, specify, or adjust the sample size and the design of the forthcoming
sub-study® (e. g., testing domains, rotation of instruments). Previous methodological
reports serve as a basis for the meeting to provide sufficient orientation since studies
are not independent but rather synchronized with one another. Furthermore, incen-
tives and further materials (e. g., stopwatches, calculators) are planned. All discussed
and approved issues are specified in a start-up form, which undergoes a review pro-

5 In most cases, the design and sample size are defined in the survey overview but need to be expati-
ated since there might have been changes in previous sub-studies as well as other major changes due
to unintended effects.
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Figure 3 Chain of main processes

Start-Up Meeting
Pre- and post-field activities are planned and fixed.

NS

Time Schedule
Processes are brought into a line and deadlines are set.

NS

Description of Procedures

All relevant procedures of a sub-study are defined.

N/

Verification of Field-Relevant Materials and Official Approval

The final checking of relevant aspects such as data protection and standardization.

N7

Start of Sub-Study

NS

Reportings

Regular information about the development of the ongoing sub-study.

N

End of Sub-Study

N it

Documentation

N/

Methodological Report

Most important facts about the sub-study relevant for the data user as well as a
specification of realized cases and temporary dropouts.

NS

Data Release




Cooperation and Communication Within Scientific Organizations 107

cess by all participants after the meeting has taken place. After this process, the docu-
ment is binding for all parties.

In a second step, the most important deadlines and follow-up processes are trans-
ferred into a time schedule, for which the head of the study takes responsibility. In co-
operation with the Survey Coordination Department, this document is supervised
and made accessible to all personnel within the NEPS in order to guarantee trans-
parency. To keep track of everything and to keep everyone updated, both a time-
schedule meeting with one representative from each stage and pillar and the Data
Protection Department take place on a bi-weekly basis. Changes, delays, and differ-
ent interests and information may be discussed under the supervision of the Survey
Coordination Department.

As a next step, descriptions of the procedures and the sample are required before
each sub-study is ready to begin. The description of the procedures contains the most
important elements of the sub-study (e. g., sample size, realization in the field) as well
as a subsumption of the sub-studies of the previous and following waves of the start-
ing cohort. The longitudinal planning of the cohort is secured with this document.

Since the instruments (questionnaires) are supposed to go to different authori-
ties before finalization, we implemented a final verification of field-relevant materi-
als, which is followed by an official approval. The instruments are checked in different
departments for data protection verification, test of scales, and test of programming.
The data protection verification takes place at different stages of the development of
an instrument. It is first checked at the beginning of the developmental process, at
which point the Data Protection Center comments on all variables that might be used
in the questionnaire (cf. Meixner, Schiller, von Maurice, & Engelhardt-Wolfler, 2011).

In two of the six starting cohorts, one of the most significant steps before the field
period can begin is the approval of the ministries of education of all 16 Federal States
of Germany.® Since the sub-studies within these starting cohorts take place in Ger-
man schools, the 16 federal states, which are responsible for their school systems (due
to cultural sovereignty), are involved in the process (cf. von Maurice, Sixt, & Blossfeld,
2011). As a result, all school-context-based sub-studies underlie an additional review
in each federal state.” All questionnaires and documents that are intended to be used
in the sub-study have to be submitted to the ministries of education. However, be-
fore this submission takes place, the Survey Coordination Department has to check
all documents according to corporate design aspects (paper-and-pencil-based inter-
views and all materials that are sent to the target persons, e.g., cover letters), verifica-
tion of standardization of scales, and the observance of the instrument length. This

6 This step is only required for studies taking place in schools because schools in Germany are gov-
erned by each federal state. Therefore, an approval of instruments and procedures is needed by every
federal state to gain access to the institutions. The materials for the other cohorts (early childhood,
Kindergarten, students, and adults) do not need to be handed in.

7  For further information, compare Miiller-Kuller, Meixner, & Sixt in this volume.
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means that the submission of all documents to the ministries can take place after the
approval of the Survey Coordination Department. After the approval of the Minis-
tries (only in the school cohorts), the instruments and documents are finalized. In the
context of the verification of field-relevant factors, the official approval of the final in-
struments and documents is given by the head of the sub-study as well as by the Sur-
vey Coordination Department. Once the materials have been approved, everything is
set and the field phase can begin.

During the field phase, reportings are sent regularly by the data-collection insti-
tutes in order to inform these institutes about the field progress, such as the number
of realized interviews. Furthermore, the Survey Coordination Department is respon-
sible for the documentation of the material of each sub-study. Therefore, all docu-
ments that have been disposed in the field are systemized and archived. This is done
electronically as well as on paper to make an accessible filing system available.

The next step in the timeline is the submission of a methodological report sent by
the responsible data-collection institute several weeks after the survey-phase has end-
ed. Within this report, the data-collection institute gives an overview of the conduct-
ed fieldwork and important facts to be able to understand the data-collection process
ahead of and within the field. This report provides information about the design of
the study, the sample, field instruments, realization in the field, the interviewers, se-
lectivity, and weighting. Problems are to be disclosed and discussed to give the data
user the optimal background to be able to understand and use the data accurately.
The information in the methodological report is also used for the preparation of the
subsequent sub-study within the specific cohort. At this point, the process ends with
a final meeting with all involved parties in which the results and experiences of the
sub-study are discussed. These outcomes are to be considered in the start-up meeting
of the follow-up study. Finally, the data are released no later than 18 months after the
completion of the field phase.

5 Summary

With this article, we are able to demonstrate that complexity within scientific orga-
nizations such as the NEPS is an important topic and that it is obvious that reducing
complexity with coordination and communication mechanisms is essential. Due to
the structure, design, and sampling frame, different kinds of dependencies occur and
need to be managed by coordination processes as discussed by Malone and Crowston
(1994). Within the NEPS, the Survey Coordination Department manages these com-
plex structures with various implemented processes and structures that we have de-
scribed in order to provide a first example of scientific organization coordination.
Our practical experience has shown that the management of dependencies and the
identification of processes result in a transparent, well-organized, and successful pro-
cess of work in an interdisciplinary network. Therefore, every participating party is
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informed and involved with all embedded procedures due to the timeline. With a
centrally managed Survey Coordination Department, crucial processes can be over-
viewed and complexity can be reduced. Consistency is the important factor to suc-
cessfully run a panel study with six parallel starting cohorts. All in all, we have been
able to demonstrate that within a scientific organization such as the NEPS, structured
and transparent processes lead to a more effective realization of sub-studies and sup-
port scientific work by reducing this work’s affiliation with bureaucratic red tape.
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The Concept of Individual Retracking in NEPS—
Approach, Practice, and First Empirical
Evidence From Starting Cohorts 3 and 4

Michaela Sixt, Martin Goy and Georg Besuch

Abstract

For panel studies like the National Educational Panel Study (NEPS), it is of vital
importance to keep the respondents on board and gather information over the life
course in a consistent way. In the school cohorts of the NEPS, tests and question-
naires are administered in groups at school. As long as the respondents visit the
schools where the NEPS is conducted, it is comparatively easy to reach these re-
spondents and to keep them in the panel. However, if a respondent leaves an NEPS
school due to changing schools, or if a school cancels its participation in the study,
a different approach must be found to maintain contact with this special group of
respondents and to continue collecting data from this group in a way that is com-
parable with the main field survey. For this reason, a concept of surveying these
respondents in an individualized way was developed by the NEPS. In this article,
we introduce the concept of individual retracking applied in and planned for the
school cohorts of the NEPS, and we provide insight into the practice and chal-
lenges of this kind of data collection. We begin by introducing individual retrack-
ing as part of the aims and scope of the NEPS to survey not only mainstream but
also nonstandard careers and individual pathways over the life course. Based on
a review of the research literature on the designs and applications of individual
retracking in longitudinal studies on educational processes, we introduce the ap-
proach taken by the NEPS in terms of its theoretical concept and its survey prac-
tice and present first empirical evidence on the basic sample structure and the re-
sponse rates in the individually retracked survey as compared with the main field
survey. We conclude the article with an outlook on the next steps to also intro-
duce individual retracking in the NEPS in the contexts of elementary education
and higher secondary education.

© Springer Fachmedien Wiesbaden 2016
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1 Introduction

The main aim of the National Educational Panel Study (NEPS) is to collect high-qual-
ity and comparable data on competence development and educational pathways in
Germany over the whole life course and to make this data accessible to the scientific
community. To do so, the NEPS develops theoretically and empirically based test and
survey instruments built on two conceptual principles: (1) Educational biographies
are divided into eight educational stages to allow for a stage-specific view of the par-
ticular situations and trajectories within a specific stage as well as the crucial transi-
tions between them. (2) To assure a consistent measurement of theoretical constructs
of high importance in educational research over the life course, the NEPS is based on
five pillars, which focus on competence development, learning environments, educa-
tional decisions, migration, and returns to education. To be able to offer information
on educational pathways over the life course as opposed to only at the end of the life
course, the NEPS consists of six panel studies arranged in a multicohort sequence de-
sign (Blossfeld, von Maurice, & Schneider 2011, pp. 13£.).

Two of these panels represent populations of students in schools: the starting co-
hort of fifth graders and the starting cohort of ninth graders. For both cohorts, the
NEPS sampled randomly selected schools in all Federal States of Germany and re-
quested the schools” participation and consecutively the participation of all students
in two randomly selected classes in Grade 5 and Grade 9 (Aflmann et al., 2011). NEPS
Stage 4 follows the students on their way through lower secondary education (Grades
5 to 10) up to and including their transition to upper secondary education, at which
point NEPS Stage 5 takes over those students transferring into the academic track
(Grade 11 to 12 or 13), and NEPS Stage 6 takes over those transferring into the voca-
tional track.

In both cohorts, the main surveys started in fall 2010 with testing competencies
and surveying the students with paper-and-pencil instruments in school. Further-
more, questionnaires were administered to class teachers to gain information on the
class as well as on the quality of instruction for the German and mathematics teach-
ers. In addition, the school principals were asked via a paper-and-pencil question-
naire to detail information about the school context (Frahm et al., 2011). To comple-
ment the survey with information on the home contexts of the students, the NEPS
surveyed the students’ parents (one parent per student) via telephone interviews
about the context at home including, for instance, the social origin of the families."
Surveying context persons assures drawing a fuller picture of the social and learning
environments of the students. Furthermore, regional information is available for the
schools and the homes so that metadata on regional and local levels down to the fam-

1 The surveys in the institutional context were administered by IEA Data Processing and Research
Center (DPC), Hamburg. The surveys in the individual field of the parents were administered by the
Institute for Applied Social Sciences (infas), Bonn.
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ilies’ neighborhoods can be merged. Thus, not only a multicohort, but also a multi-
informant and multilevel perspective can be realized with the design of the NEPS
school cohorts.

In contrast to the younger NEPS cohorts, however, the participation of the stu-
dents and their parents is decoupled in the school cohorts. As pilot studies reveal,
coupling the participation leads to lower recruitment rates in these cohorts. As par-
ticipation in the NEPS is voluntary, the parents and, in the case of the ninth graders,
the students themselves have to agree to their continued participation in the panel. Of
course, the schools are the first to agree to participate and stay in the panel.

For panel studies like the NEPS and its school cohorts with voluntary participa-
tion, incentive strategies and a proper concept of panel care are central to recruiting
respondents and ensuring their continued participation in the study. In the NEPS,
the students in school receive monetary incentives (€5 until Grade 8, €10 in higher
grades). The teachers and principals who fill out a questionnaire and the teachers who
coordinate the survey at school and cooperate with the data-collecting institute re-
ceive small presents show appreciation for their engagement. Furthermore, the NEPS
puts a great deal of effort into writing motivation letters and providing information
material, such as newsletters, informational brochures, and flyers for schools, parents,
and students.

In both NEPS school cohorts, tests and questionnaires are administered in groups
at school, and the contact to the target persons is organized via the school. Aslong as
the respondents visit schools that participate in the NEPS, it is comparatively easy to
reach the respondents and to keep them in the panel. However, if a respondent leaves
the NEPS school because he or she has changed schools or if his or her school cancels
its participation in the study, a different approach must be found to stay in contact
with this special group of respondents and to collect data in a way that is compara-
ble with the main field survey. Therefore, a concept for surveying these respondents
in an individualized manner was developed by the NEPS: the field of individual re-
tracking. With this individual field in the school cohorts, the NEPS is able to survey
nonstandard careers and individual pathways over the life course in addition to the
more mainstream or standard ways through schools surveyed in the main field of
the panel study.

Based on a review of research literature and applications on designs and results
of individual retracking in previous longitudinal studies on educational processes, in
the following section, we introduce the approach taken by the NEPS in terms of its
theoretical concept and its survey practice and present first empirical evidence on the
basic structure and the response rates in the individually retracked survey in compar-
ison with the main field survey. We conclude the article with an outlook on the next
steps to also introduce individual retracking in the contexts of elementary education
and higher secondary education.
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2 Individual Retracking in Longitudinal Studies
on Educational Processes

In the following section, we present a brief overview of a review of research conduct-
ed to identify designs and applications of individual retracking in longitudinal stud-
ies on educational processes. This review was conducted to investigate if and how
other longitudinal studies apply individual retracking with regard to concepts, meth-
ods, and feasibility.

In line with the focus of this article on the school cohorts of the NEPS, we limited
the scope of our investigation to longitudinal studies in elementary, lower secondary,
and/or upper secondary school. We chose to include only studies conducted in Ger-
many for reasons of comparability and access to the study documentation. Regard-
ing the concept of individual retracking, we consider only those studies to apply this
approach that survey respondents longitudinally in an individualized way alongside a
longitudinal main field survey in school context.

To identify relevant longitudinal studies in Germany, we used the overview pro-
vided by Blossfeld and Schneider (2011) as a vantage point for this review of liter-
ature. In their synopsis of national and international longitudinal studies on edu-
cation, Blossfeld and Schneider list 29 available longitudinal studies conducted in
school contexts in Germany: four studies covering education from preschool age on-
ward, 15 studies focusing on development and decisions in general schools, as well as
10 studies focusing on transitions from school to vocational training, to university, or
to the labor market (Blossfeld & Schneider, 2011, pp. 38-43).

We complemented this list with a database search on research literature for the
timespan from 2009 to 2014 to investigate if additional longitudinal studies in Ger-
many that potentially apply individual retracking could be identified. Additionally,
we contacted researchers involved in conducting current longitudinal studies in
school contexts for which documentation might not yet be available.

Of the studies listed by Blossfeld and Schneider (2011), only one study could be
identified that employs individual retracking according to our definition: the Study
Bildungsprozesse, Kompetenzentwicklung und Selektionsentscheidungen im Vorschul-
und Schulalter (BiKS, von Maurice, Artelt, Blossfeld, Faust, Rofbach, & Weinert,
2007; Mudiappa & Artelt, 2014) conducted in the Federal States of Bavaria and Hesse.
In the first of the two longitudinal BiKS studies, which follows students from three
years onward from Kindergarten into elementary school, those students who attend
elementary schools in the initial sample, in which there were too few other study par-
ticipants who attended the same schools or where the schools then cease their partici-
pation, are individually retracked and tested individually at home (Faust, Kratzmann,
& Wehner, 2013, p. 36; Homuth, Mann, Schmitt, & Mudiappa, 2014, p. 21; Schmidt,
Schmitt, & Smidt, 2009, p. 7). In the second BiKS study, which follows students from
8 years onwards in elementary school and in their transition from elementary to sec-
ondary school, individual retracking is also applied. If, after the transition from el-
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ementary to secondary school in the course of the study, students of the second BiKS
sample were not surveyed within the secondary schools for four reasons (that is, the
target persons started attending schools in a region not covered by the study; there
were less than three study participants in total in their schools; there was no informa-
tion available on the schools they attended after transition from primary school; or if
their school ceased participation in the study), students were then followed with in-
dividual retracking, and were surveyed with questionnaires sent to their homes, but
they no longer participated in any competence tests (Homuth et al., p. 22; Lorenz,
Schmitt, Lehrl, Mudiappa, & Rof8bach, 2013, p. 27; Schmidt et al., 2009, pp. 9-10).

In addition to BiKS, our review identified only one further study that applies indi-
vidual retracking: the BERLIN study (Maaz, Baumert, Neumann, Becker, & Dumont,
2013). This study uses a research perspective to follow the transformation in school
structure in the Federal State of Berlin, where the former four-tier school system
of lower secondary education was switched to a two-tier system beginning in the
school year 2010/2011. The study has two levels: Level I of the BERLIN study focuses
on the impact that the change in system conditions has on the transition of students
from elementary to lower secondary school and their pathways through lower sec-
ondary school (Module 1). Level II investigates the implications that the restructur-
ing of secondary school has by comparing two student cohorts starting in Grade 9 in
their transition to Grade 12: One cohort (Module 2) continues tracking the students
of Module 1 as part of a larger, representative cohort that fully traverses the reformed
secondary education; a second cohort (Module 3) serves as a control group—these
students traverse through secondary education in the school system prior to restruc-
turing. Individual retracking is used in Level II of the study. Those students who
have been assessed at the first point of measurement in Grade 9 in either Module 2
or Module 3 and who left school after Grade 9 prior to the second point of measure-
ment in Grade 10 are individually retracked and surveyed with a questionnaire sent
to their homes. All students who left school prior to the third and final point of mea-
surement in Grade 12 are also individually retracked and surveyed with a final ques-
tionnaire sent to their homes (Maaz, Baumert, Neumann, Becker, Kropf, & Dumont,
2013, p. 39-42).

3  NEPS Concept of Individual Retracking

As the overview in Section 2 shows, individual retracking is sparsely used in German
longitudinal studies in school contexts. Consequently, there was not much empirical
evidence from other studies available when the NEPS started to implement individu-
al retracking. As mentioned above, the objective of individual retracking in the NEPS
is to stay in contact with students who left NEPS schools or whose school quit partici-
pation in the NEPS. By this measure, the NEPS maintains the possibility of survey-
ing and testing these persons in later surveys. Furthermore, keeping the individual
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contact serves the purpose of collecting current data that are comparable with data
from the main field. In this section, we outline the concept of individual retracking
applied in the NEPS in the starting cohorts of the fifth and ninth graders, we pres-
ent the materials implemented, and we detail the standard procedure of an individual
survey and the experiences with this concept in the surveys for which data is already
available.

The present design of individual retracking that has been developed in the last
years satisfies the requirements of common mail surveys (Porst, 2001). In short, these
are sincere and informative cover letters, which underline the importance and confi-
dentiality of survey participation; preaddressed and freepost return envelopes; short
survey instruments; multiple contacts; as well as incentives offered to show apprecia-
tion of participation.

To meet the requirements of a panel study, the concept of individual retracking in
school cohorts comprises standardized procedures and several instruments applied
in every individual survey. Essential for the NEPS, and especially for individual re-
tracking, is the availability of unambiguous status information regarding the target
person, that is, the information of whether a student still attends an NEPS school or
if he or she has left this institution. The assignment of the group to which a student
belongs is surveyed by so-called “school update lists” sent out in advance of each
field start. According to these lists, each student is classified as a part of either the
main field or the individual field. Besides the correct classification, continuous con-
tact with the target person is of vital importance. Cohort-specific surveys in the field
of individual retracking parallel to the main field are intended to gather comparable
data. These surveys include the send-out of three different survey instruments. Two
of these instruments are also applied in the main field: first, a short questionnaire to
track the current address of the respondent, and second, a questionnaire for students
that provides comparable data to that of the main field. The third instrument is a very
short questionnaire developed especially for the requirements of individual retrack-
ing and is exclusively applied in this field because this information is available from
the schools in the main field. This update questionnaire tracks the current status of
the respondent, for example, whether the respondent still attends school or has al-
ready left school for some kind of vocational training, what kind of school or train-
ing he or she attends, the location of the school, and the class the student is visiting.
The update questionnaires of the cohorts are very similar but have cohort-specific
adjustments regarding the status range. Therefore, the update questionnaire pursues
the same task as the school update list in the main field: classifying the status of the
respondents.

In conclusion, the transition of a student from the main track to the individual
track is not just a transition in administrational terms but also a transition of the sur-
vey context. These students need to know that they are still part of the NEPS sample
even though their mode of participation has changed. They need information about
their new status, especially in case of the students’ first individual survey, and the im-
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plications of this transition for future NEPS surveys. Moreover, the parents of these
students need to receive this information as well. To address these aspects, each in-
dividual survey contains a cover letter for students and an additional cover letter for
parents. Furthermore, a short informational brochure with general study information
is included in analogy to the main field.

Before the field work of the individual field begins, the students in this field have
to be identified. This information is provided by the above-mentioned school up-
date lists.”> Based on these, a list of student IDs in the individual field is processed.
For these IDs, the corresponding student and parent addresses are provided. Stu-
dents with valid addresses are contacted two weeks after the corresponding main
field phase has begun. Every student gets a student questionnaire, a status update
questionnaire, a short address questionnaire, and an information letter for parents
and students. Cases with missing or invalid addresses get the status “temporary drop-
out” Ideally, these students will be contacted in the next survey at their new address.
If material could not be forwarded due to the relocation of the target persons, the
questionnaires are resent if the postal service imprints the new address on the enve-
lope. For target persons without an address memo, an address tracing procedure is
installed.” If new addresses can be investigated, the send-out process starts with a de-
lay of several weeks for these cases. If this tracing is not successful, the students are
allocated the status of temporary dropout and will be contacted again in the follow-
ing survey.

We know from other studies that the application of a reminder increases the re-
sponse rate substantially. Hence, we decided to send out a mail reminder if there is
no response two weeks after the first contact. The reminder consists of a modified
cover letter for students, a copy of the short address questionnaire, and the update
questionnaire. We decided not to send the questionnaire a second time to lower the
burden for the respondent (providing the same incentive). There are no multiple-re-
minder send-outs. Reminder nonrespondents are treated as temporary dropouts and
are be contacted in the next survey.

Analogous to the main field, the respondents obtain a monetary incentive and a
letter of thanks if they send back one of the requested instruments. Afterwards, the
short address questionnaires are forwarded to the Institute for Applied Social Sci-
ences (infas).* The data of the returned student and update questionnaires are pro-
cessed by the IEA Data Processing and Research Center (DPC) and transferred to the
NEPS Data Center.

2 On these lists, each target person in the school has an identification number and a status code for the
survey context.

3 The new addresses are acquired through telephone interviews with the parents or via address tracing.

4 Due to data protection obligations, nonanonymous data and survey administration are institution-
ally separated. Names and addresses of target persons are administrated and provided by the infas.
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4  Empirical Evidence

In this section, we present first empirical evidence on the basic structure and the re-
sponse rates in the individually retracked survey and the main field survey. First, we
detail the design of the two school cohorts, their panel structure, and the different
survey fields. Then, we shed a light on the reasons for the change to the field of ini-
vidual retracking and present selected, basic information on the structural make-up
of the subsamples. On this basis, we compare response rates in the field of individual
retracking of both NEPS school cohorts with the respective main field.

4.1 Panel Structure and Survey Fields

The first field of individual retracking began in spring 2011 (cf. Figure 1). At that
point, the starting cohort of the ninth graders was surveyed a second time. As Fig-
ure 1 shows, the sample of starting cohort Grade 9 consists of 16,425 students, 16,082
of which could still be contacted in the main field in school in spring 2010. 343 stu-
dents (2 %) dropped out of the main field and thus switched to the field of individual
retracking. As expected, this is a rather small group because only six months passed

Figure 1 Survey fields in Starting Cohort 4—Grade 9 and Starting Cohort 3—Grade 5
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*343 students could no longer be reached at school, 280 of whom were contaced in the first field of individual retracking; 63 students with
special educational needs in the area of learning (SEN-L) were not contacted in the first individual field;
GR =grade, VOC = vocational track
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by and the survey began in the same school year so that only minor changes in school
career were to be expected.

The second wave of individual retracking in the cohort of the ninth graders (by
then, the target persons were attending Grade 10) started in spring 2012. Unfortu-
nately, we cannot use data from the second field of individual retracking in spring
2012 because the edition of this data has not been finished at time of writing this ar-
ticle. Preliminary data show that there were 1,448 students in the field of individual
retracking in spring 2012.°

For the starting cohort of fifth graders, the first wave with individual retracking
was in fall 2011. Out of the 6,112 students in this cohort, 444 students (7 %) attending
the sixth grade then could not be reached in an NEPS school.

4.2 Reasons for Individual Retracking

As described in the beginning of this chapter, there could be individual and school-
based reasons why we could no longer reach the participants at school. Individual
reasons could be a removal or a planned change of school if the tracks offered by the
school do not fit with individual interests.® School-based reasons appear if the school
withdraws its willingness to participate in the NEPS, if a school ceases offering the re-
spective grade level, or if a school is closed. Furthermore, it could be that there are too
few participants for continued participation of the school in the panel study.

As Table 1 shows, in spring 2011 for Starting Cohort 4, we find that 47 % of the
participants belonging to the field of individual retracking had changed schools.
More than half of the students in this group changed schools because of school-based
reasons: 53 % of the individually contacted students left the main field because their
schools quit their participation in the NEPS.

In Starting Cohort 3, the reasons for a change into the field of individual retrack-
ing are comparably distributed for the ninth graders: 48 % of the individually contact-
ed respondents had changed schools, and for 46 % of them, the school cancelled its
participation. In another 1% of cases, the school closed down, and in the case of 5%,
there were too few participants at the school level, which meant that the NEPS was no
longer testing at this school.

5 Asdescribed in Figure 1 and already mentioned in Section 1, it is possible in some Federal States to
leave school and change to a vocational track after Grade 9. In this case, the NEPS starts a complete
individual field in which the participants are contacted by telephone interviews and tested every two
years at home (Ludwig-Mayerhofer et al. , 2011).

6 In single cases, it is also possible that a child has to leave school because of insufficient grades or in-
admissible behavior.
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Table 1 Reasons for Changing Into the Field of Individual Retracking

4—Grade 9 3—Grade 5

Starting Cohort Spring 2011 Fall 2011
Change of school 160 47 % 213 48%
School withdraws willingness to participate 183 53% 204 46 %
School was closed - - 5 1%
School ceases participation (number of - - 22 5%
participants at school level too low)

Total 343 100 % 444 100 %

4.3 Basic Structure of the Subsamples in Starting Cohort 4—Grade 9

To describe the basic structure of the subsample in Starting Cohort 4—Grade 9, this
paper uses data from the National Educational Panel Study (NEPS): Starting Co-
hort 4—9th Grade, doi:10.5157/NEPS:SC4:1.0.0. Regarding basic socio-demographic
information (cf. Table 2), such as sex and age, we have nearly an equal distribution
and find no significant differences between the main (51 % male; 49 % female, aver-
age year of birth: 1995 [standard deviation = 0.7]) and the individual field (53 % male;
47 % female, average year of birth: 1995 [standard deviation = 0.8]).

Regarding migration background, we find significant (p < 0.001) differences be-
tween students in the main field and those in the individual field: In addition to the
fact that we have less information available in the individual field, the proportion
of participants who have migrated themselves (9 %) or who have at least one parent
who migrated (36 %) is higher than in the main field (6 % and 26 %, respectively). We
also find interesting differences between the two groups in the field of the individual
retracking: While the group with individual reasons seems to be very similar to the
group in the main field (6 % and 26 %, respectively), in the group with school-based
reasons, the proportion of participants with a migration background is nearly twice
as high (11 % and 44 %, respectively; p < 0.001).

Looking at the educational background, we first find significant (p < 0.01) differ-
ences in the proportion of parental information between the main and the individual
field. First, in the main field, we have parent interviews for 56 % of the participants,
and in the individual field, we only have parent interviews for 46 % of the participants.
The two fields in individual retracking do not differ in this respect (46 % and 45 %
with parent interviews). Second, we find that the educational background of target
persons in the main field differs from those in the individual field (p < 0.05): In the
field of individual retracking, less information is available (6 % compared with 4% in
the main field), and with 10 % of higher-educated parents, this share is lower than in
the main field (18 %). We also find that those in the individual field are more similar
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Table 2 Starting Cohort 4—Grade 9: Basic Structure of the Samples (Spring 2011)

Main field Individual retracking
Variables Total Individual reasons  School-based Total
(n=16,060) (n=160) reasons (n = 183) (n=343)
Sex
Male 51% 48 % 57% 53%
Female 49% 52% 43 % 47 %
Year of birth
No information 0% 1% 1% 1%
Valid information 100 % 99 % 99% 99%
Mean (std. dev.) 1995 (0.7) 1995 (0.7) 1995 (0.8) 1995 (0.8)
Median 1995 1995 1995 1995
Min 1990 1993 1993 1993
Max 1999 1997 1996 1996

Migration background (first generation)

No information 2% 6% 7% 6%
No 92% 88% 82% 85%
Yes 6% 6% 1% 9%

Migration background (second generation)

No information 2% 7% 6% 6%
No 72% 67 % 50% 58%
Yes 26 % 26 % 44 % 36%

Parent interview
No parent interview 44 % 54% 55% 54%
Parent interview 56 % 46 % 45 % 46 %

Education of the parents

No information 4% 8% 3% 6%
No higher education 78% 74% 93 % 84 %
Higher education 18% 18% 4% 10%

School track (first wave fall 2010)

Hauptschule 23% 18% 23% 21%
Realschule/Gesamtschule 38% 33% 30% 31%
Gymnasium 32% 40% 20% 29%
Forderschule 7% 9% 27 % 19%

Note. The difference to the total sample of N = 16,425 can be explained by n = 22 students who changed to the voca-
tional educational system.
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to the main field because of individual reasons (8 % no information; 18 % higher edu-
cation; no significant difference to the main field) than are those with school-based
reasons (3 % no information, 4% higher education; p < 0.001 in comparison to the
main field).

With regard to the visited school track in fall 2010, Table 2 reveals that most of the
participants in the main field (38 %) visited a type of middle school (e. g., Realschule,
Gesamtschule, Schulen mit mehreren Bildungsgdngen), about one third (32 %) vis-
ited a Gymnasium, and about one fourth visited a Hauptschule (23 %). An addition-
al 7% visited a Forderschule, which is a school for students with special educational
needs in the area of learning (SEN-L).” For the individual field, this distribution dif-
fers significantly (p < 0.001), especially when regarding the 19 % proportion of par-
ticipants in Forderschule. Furthermore, the proportion of students in middle schools,
Hauptschule, and Gymnasium is 7 (31 %), 2 (21 %), and 3 percentage points (29 %)
lower than in the main field, respectively.

Taking a closer look, we find that the proportion of students who attend a Forder-
schule is, with a share of 27 %, considerably higher than in the group with individual
reasons (9 %) and in the main field (7 %), especially in the group with school-based
reasons for switching to the individual field. Furthermore, this differentiated picture
shows that the proportion of students who attend a Gymnasium is higher in the field
of individual retracking with individual reasons (40 %) than with school-based rea-
sons (20 %) or in the main field (32 %).

4.4 Basic Structure of the Subsamples in Starting Cohort 3—Grade 5

As the data edition for the Second Wave in fall 2011 was not finished at the time of
composing this article, we can unfortunately not use data from an SUF for Starting
Cohort 3—Grade 5.° However, as these methodological analyses are important to as-
sure a high quality of the data, we could take a look at the respective data the NEPS
received from the data-collecting institutes. It is important to notice, though, that the
following findings are preliminary and need to be confirmed by future analyses with
the respective SUF.

As Table 3 shows, we find no relevant differences with regard to sex and year of
birth between the main field and the individual field. In both fields, sex is nearly
equally distributed (52 % male students in the main field, 54 % male students in the
individual field), and the average year of birth is 1999 (std. dev. 0.6 resp. 0.8).

7  The NEPS is conducting a feasible study to investigate whether students with special educational
needs in the area of learning can be tested and surveyed in the same way as students who attend reg-
ular schools (Heydrich, Weinert, Nusser, Artelt, & Carstensen, 2013). Therefore, these students are
integrated in the samples of both school cohorts.

8 The first SUF for NEPS Starting Cohort 3—Grade 5 was released in September 2010 with data from
the first surveys in fall 2010 (doi:10.5157/NEPS:SC3:1.0.0).
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Table 3 Starting Cohort 3—Grade 5: Basic Structure of the Samples

Main field Individual retracking
Variables Total Individual reasons  School-based Total
(n=5,654) (n=213) reasons (n=231) (n = 444)
Sex
No information 0% 0% 1% 1%
Male 52% 54% 55% 54%
Female 48 % 46 % 44 % 45 %
Year of birth
No information 0% 0% 1% 1%
Valid information 100 % 100 % 99% 99%
Mean (std. dev.) 1999 (0.6) 1999 (0.8) 1999 (0.7) 1999 (0.8)
Median 2000 1999 1999 1999
Min 1995 1994 1997 1994
Max 2002 2001 2000 2001

Migration background (first generation)

No information 5% 6% 5% 5%
No 91% 89% 85% 87 %
Yes 4% 5% 10% 8%

Migration background (second generation)

No information 4% 5% 4% 5%
No 72% 62 % 64 % 63 %
Yes 24% 33% 32% 32%

Parent interview
No parent interview 31% 39% 45 % 42%
Parent interview 69 % 61% 55% 58 %

Education of the parents

No information 0% 0% 0% 0%
No higher education 79% 85% 89% 87 %
Higher education 21% 15% 1% 13%

School track (first wave fall 2010)

Elementary school 5% 4% 16 % 1%
Hauptschule 10% 24% 44% 34%
Realschule/Gesamtschule 34% 32% 20% 25%
Gymnasium 42 % 20% 0% 10%
Forderschule 9% 20% 20% 20%

Note. The difference to the total sample of N = 6,112 can be explained by n = 14 students who withdrew their willingness
to participate in the study.
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Regarding migration background, we find significant differences (p < 0.01 for the
first generation, as compared with p < 0.001 for the second generation) between stu-
dents in the main field and those in the individual field: In the latter, the proportion
of participants who have migrated themselves (8 %) or who have at least one parent
who migrated (32 %) is higher than in the main field (4 % and 24 %, respectively). In
contrast to the evidence from Starting Cohort 4, we find no clear hint that those with
individual reasons (5% and 33 %, respectively) are more similar to the main field than
those with school-based reasons (10 % and 32 %, respectively).

In the main field, we find a slightly higher proportion of participants with a parent
interview (69 %; p < 0.05) than in the field of individual retracking (58 %). Regarding
the two groups in the field of individual retracking, we also find only slight and no
significant differences: We have a parent interview for 61 % of those with individual
reasons and for 55 % of those with school-based reasons. Similar to Starting Cohort 4,
we find a clear difference between the educational backgrounds of those in the indi-
vidual field compared with the main field: While the proportion with highly educat-
ed parents reaches 21 % in the main field, it is 13 % in the individual field (p < 0.01).
Again similar to Starting Cohort 4, the group with individual reasons in the field of
individual retracking (15 % with parents with higher education) is slightly more sim-
ilar to the main field than those with school-based reasons (11 % with parents with
higher education).

Looking at the school track, it is important to add that in Starting Cohort 3, stu-
dents might also still be in elementary schools because in two of the Federal States
in Germany, elementary school ends after Grade 6. As NEPS Starting Cohort 3 starts
with Grade 5, we find a small proportion of 5% of our participants in the main field
in elementary school. Furthermore, 10 % of the participants are in Hauptschule, 34 %
are in a kind of middle school, 42 % are in Gymnasium, and 9 % are in Forderschule.
The field of individual retracking differs again significantly (p < 0.001) from the main
field. Comparable with the ninth graders, we find a higher proportion of students in
Forderschule (20 %) and Hauptschule (34 %) in the individual field and a clearly lower
proportion of students in Gymnasium (10 %).

Looking at the different reasons for the change to the field of individual retracking,
we find the same tendencies as in Starting Cohort 4: Those with individual reasons
originate more often from a Gymnasium (20 % vs. 0 %), and those with school-based
reasons more often from a Hauptschule (24 % vs. 44 %), although the proportion orig-
inating from a Foérderschule is the same (both 20 %). In addition, the proportion com-
ing from elementary school is 11 percentage points higher in the group with school-
based (16 %) compared with individual reasons (4 %; main field: 5%).
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4.5 Response Rates

As we did not send out the materials for students with special educational needs in
the field of learning in special schools for this first field of individual retracking in
Starting Cohort 9, we only contacted 280 students individually. At that time, the par-
ticipants were sent a motivation letter (as were their parents to inform them), the pa-
per-and-pencil questionnaire of the main field, and the short update questionnaire
for the address to their homes. The short questionnaire to update the status of the stu-
dent mentioned in Section 3 had not been developed at that time. Furthermore, there
was—also differing from the current concept—no reminder for this group. These two
instruments were introduced for the first time for the field of individual retracking in
the starting cohort of the fifth graders after empirical evidence from the starting co-
hort of the ninth graders (see below).

As shown in Table 4, after the survey material was sent out, 9% of the addresses of
the students turned out to be incorrect so that the materials were returned. Regarding
only those with valid addresses (n = 249), we received information from 51 %; unfor-
tunately, 49 % (n = 123) did not send back any information. In the main field, 94 % of
all students participated in the survey in spring 2011. When comparing those pro-
portions, we have to consider that the setting in the main field is completely different
from the setting of the individual retracking. In the former, the students are in school
and spend nearly one complete school day on NEPS testing and surveying. In the in-
dividual field, they have to fill out a paper-and-pencil questionnaire on their own in
their leisure time. We also have to keep in mind that the field of individual retrack-
ing was started to avoid losing participants completely. In this respect, the fact that
we could maintain the contact and collect information from half of the participants
we otherwise would have lost for good represents a success.

Regarding the response rates in the two groups in the field of individual retrack-
ing, those with individual reasons, and those with school-based reasons, we can see
a slight difference: While only 48 % of those with individual reasons answered our
questions, this proportion is 6 percentage points higher for the participants in the
field with school-based reasons (54 %, n.s.).

In the survey in fall 2011 for Starting Cohort 3, the concept of individual retrack-
ing was adjusted for the first time by adding a status questionnaire to the survey ma-
terial. Furthermore, a reminder was sent out if there was no response to the first
posting.

Finally, as shown in Table 5, 58 % of the target persons in the individual retracking
field with valid addresses returned their survey material. We received no answer at all
from 42 %. Comparable with Starting Cohort 4, we also have a problem with invalid
addresses: The materials could not be sent out to 18 % of the participants. In compari-
son, in the group with individual reasons, we have a response rate of 52 %, and in the
group with school-based reasons, we have a response rate of 63 % (p < 0.05).
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5 Summary and Outlook

Panel studies based on surveys in institutional contexts run the risk of losing their
participants if they leave these institutions or if the institution withdraws its willing-
ness to participate in the study. To be able to follow the participants over their life
course independent of the institutional context, the NEPS established a field of in-
dividual retracking. In this field, nonstandard educational careers are surveyed by a
postal paper-and-pencil questionnaire, an address update analogous to the main field
in school, and an additional short paper-and-pencil questionnaire on the current sta-
tus of the students. Individual testing at home is planned before crucial transitions in
the educational biography take place.

Summarizing the results from the analysis, the comparison of the basic sample
structure of the main field and the individual field of both starting cohorts leads to
some tentative conclusions: First, the proportion of participants with a migration
background is nominally higher than in the main field, and the educational back-
ground in the individual field is nominally lower. Regarding the reasons for partici-
pants changing to the field of individual retracking, we find a more differentiated pic-
ture: While the group with school-based reasons is more likely to switch to individual
retracking from lower school tracks, those students with individual reasons more
likely originate from a Gymnasium. In other words, it seems that lower school tracks
are more likely to cancel their participation than higher school tracks and that indi-
vidual changes to other schools appear more likely in higher school tracks. Taking
into account that students without migration and higher educational background
(or rather, a socioeconomic background that is highly correlated with education) are
more likely to attend the Gymnasium track and that students with migration and
lower educational background are more likely to attend lower school tracks (cf., e. g.,
Autorengruppe Bildungsberichterstattung, 2010, p. 65), the aforementioned tendency
could be explained by social disparities in school choice or selection.

Comparing the response rates between the two groups in the field of individual re-
tracking, we find a lower participation rate in the group with individual reasons than
in the group with school-based reasons in both cohorts. Against the background of
the basic structure of the subsamples, we would have initially expected the opposite.
Based on the thesis of “education bias” known from survey research (Hartmann &
Schimpl-Neimanns, 1992) and the assumption that migration background coincides
with a lower participation rate in education (Blohm & Diehl, 2001), a possible expec-
tation could be that the response rate in the group with school-based reasons is lower
than in the group with individual reasons. This is a question that should be investi-
gated in detail in further research.

The challenge of keeping the participants in the panel, tracking their current sta-
tus correctly, and collecting data that are comparable with the main frame increas-
es with the number of alternatives for leaving the institutional context of the NEPS
schools. This is especially the case at the transition from lower to upper secondary
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school, which is also the point in time when the starting cohort splits up by default:
In most Federal States, the educational pathways after Grade 10 split into a vocation-
al track (leading to an occupation) and an academic track (leading to higher educa-
tion) (cf. Figure 1).

Those students who leave school and transfer to the vocational track are followed
by NEPS Stage 6 by way of telephone interviews twice a year (in fall and spring). They
are tested every two years at home (Ludwig-Mayerhofer et al., 2011). The switch in
survey mode is necessary for this group because the target persons become distribut-
ed over realms of possibilities in the vocational track so that an institutional perspec-
tive can no longer be upheld for the sample.

For the second group in this cohort, that is, students who continue their school
education in the academic track, NEPS Stage 4 hands over the responsibility to NEPS
Stage 5, which focuses on the pathway through the academic track to higher educa-
tion (Wagner et al., 2011). Analogous to the surveys in Stage 4, the students in Grades
11 to 13 at NEPS schools are further tested and surveyed in the institutional context
(including gathering information from the context persons). Also analogous to the
former waves, there are students who cannot be reached at the NEPS schools any-
more. At that stage, this g