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1. Introduction

The Programme for the International Assessment of Adult Competencies (PIAAC) is a large-
scale initiative of the Organization for Economic Cooperation and Development (OECD) that
aims at assessing key adult competencies considered important for individual and societal
success. PIAAC is a cooperative undertaking of the participating OECD countries, steered by
a Board of Participating Countries and supported by the OECD Secretariat. The OECD con-
tracted an international Consortium for the overall international project management of the
first PIAAC survey, sometimes also referred to as the OECD Survey of Adult Skills (OECD,
2013a). This international Consortium was led by Educational Testing Service (ETS; USA),
in cooperation with cApStAn (Belgium), Centre de Recherche Public Henri Tudor (CRP; Lux-
embourg), the German Institute for International Educational Research (DIPF; Germany),
GESIS - Leibniz Institute for the Social Sciences (GESIS; Germany), the International Asso-
ciation for the Evaluation of Educational Achievement — Data Processing and Research Cen-
ter (IEA DPC; Germany), the Research Centre for Education and the Labour Market (ROA;
the Netherlands), and Westat (USA). The international Consortium was responsible for the
overall design, coordination, and international implementation of PIAAC, and invested
exceptional efforts into creating sound scientific and methodological groundwork for all
the phases of the PIAAC implementation. A Technical Advisory Board advised the interna-
tional Consortium in its work. Furthermore, international expert groups were involved in
the development of the survey instruments.

In Germany, PIAAC was initiated and funded by the Federal Ministry of Education and
Research with the participation of the Federal Ministry of Labor and Social Affairs. GESIS
was contracted by the Federal Ministry of Education and Research to carry out the first
round of PIAAC in Germany. A team of up to eight researchers was responsible for all
aspects of the implementation of the PIAAC survey in Germany. This group formed the
German National Center for PIAAC, which is a part of the Department of Survey Design
and Methodology at GESIS. Thus, the German National Center was well placed to receive
expert methodological advice from other GESIS professionals. Further support was pro-
vided by national content experts. A national Scientific Advisory Board, which included
renowned scientists and government representatives, offered strategic advice and assistance
to the National Center during the various project phases. Three national organizations
were sub-contracted for specific work packages: (a) TNS Infratest Sozialforschung, Munich
(TNS Infratest), the national survey organization, carried out the data collection; (b) DIPF
was responsible for the national IT coordination;' and (c) IEA DPC conducted a number of
coding and scoring activities. Figure 1.1 illustrates the structure of this national organiza-
tion.

A list of persons who contributed to making the German PIAAC survey a success can
be found at the end of this report. We would like to acknowledge and thank all the organi-

1 They also led the international technical software development.
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Clients:
Federal Ministry of Education and Research
Federal Ministry of Labor and Social Affairs
National Project Management: Scientific Advisory
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German National Center Board
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Survey organization: IT coordination: ?tstzrr;“ 3-ccood';:1ra-cltE°;s|;Pc
TNS Infratest DIPF &/ &
e Translation
Figure 1.1. Organization structure of PIAAC in Germany

zations and individuals (including those who remained unnamed) for their valuable work,
advice, and support. Furthermore, we would like to express our sincere gratitude to the
German respondents for giving us their time and participating in our survey.

About PIAAC

PIAAC is intended to be a multi-cycle program for the assessment of adult competencies.
This technical report refers to the implementation of the first round of the first cycle of
PIAAC in Germany. This first round took place between 2008 and 2013. The second round
of PIAAC, with nine additional countries, is currently taking place. A third round may come
up in the near future. The second cycle of PIAAC is expected to start in 2018.

The data collection for the first round of PIAAC was carried out in 24 countries, includ-
ing Germany, in 2011/2012. Key competencies of the adult population (ages 16 to 65) in
the domains literacy, numeracy, and problem solving in technology-rich environments were
assessed. This cognitive assessment was supplemented with a questionnaire that collected
a wide variety of background information, including those related to demographic, social,
educational, and economic variables. A probability-based sample representative of the tar-
get adult population was drawn in all countries. The one and a half to two hour interview
generally took place at the respondents’ homes. Respondents first answered questions from
the background questionnaire, and then worked on the cognitive assessment. The assess-
ment was per default on the computer; however, persons unfamiliar with computers were
administered the assessment on paper.

International results from PIAAC 2012 (referred to as PIAAC in this report) were pub-
lished by the OECD (2013a) in October 2013. At the same time, and as in many other coun-
tries, Germany released a national report focusing on German results (Rammstedt, 2013).
The first PIAAC results have been received with interest by governments, the media, scien-
tific communities, and the general public.

Key facts about the international PIAAC implementation, as well as the key specifics of
the German implementation, are given in Box 1.1 (for international information see OECD,
2013a, 2013b, 2013c). In addition, some key facts regarding the field test that was carried
out in all participating countries in preparation of the main survey are provided in Box 1.2.

© Waxmann Verlag GmbH. Nur fiir den privaten Gebrauch.



Introduction

Box 1.1: Key Facts About PIAAC

International Implementation
e Countries participating in PIAAC Round 1:

- OECD countries: Australia, Austria, Canada, Czech Republic, Denmark, England/
Northern Ireland (UK), Estonia, Finland, Flanders (Belgium), France, Germany,
Ireland, Italy, Japan, Korea, the Netherlands, Norway, Poland, Slovak Republic,
Spain, Sweden, United States

- Non-OECD countries: Cyprus and Russian Federation

® Assessment domains: literacy, reading components (international option; implemented
in all countries with the exception of Finland, France, Japan, and Russian Federation),
numeracy, problem solving in technology-rich environments (international option;
implemented in all countries with the exception of Cyprus, France, Italy, and Spain)

® Background questionnaire: demographic and background information, education and
training, questions related to work

e Target population: non-institutionalized adults between 16 and 65 years of age who
resided in the country during data collection, regardless of nationality, residential sta-
tus, or language skills

e Sample: probability-based sample, representative of target population in country

e Target response rate: goal of 70%, at least 50%; for response rates below 70%, evidence
was to be provided that there is either no or only limited nonresponse and under-
coverage bias

® Minimum sample size: 5000 completed cases (including problem solving in tech-
nology-rich environments) or 4500 cases (excluding problem solving in technology-
rich environments) per country or assessment language

e Data collection period: August 2011 to March 2012

e Interview administration: usually in respondent’s home; in official national language(s);
background questionnaire administered as a computer-assisted personal interview by
trained interviewers; assessment self-administered by respondent (per default com-
puter-based with an optional paper-based version), monitored by interviewer

e Interview duration: no timing restrictions; on average 80 to 95 minutes (background
questionnaire between 30 and 45 minutes, assessment approximately 50 minutes)

e Total realized sample size: more than 160000 respondents across all countries

Implementation in Germany

® Assessment domains: literacy, reading components, numeracy, problem solving in
technology-rich environments (all optional domains were included); administered in
German

e Sample: registry-based, two-stage stratified and clustered sampling design with selec-
tion of municipalities as primary sampling units or clusters at the first stage, and selec-
tion of individuals at the second stage
- 320 sample points in 277 selected municipalities
— 10 240 target persons (gross sample size)

® Survey organization: TNS Infratest

® Data collection period: 1 August 2011 to 31 March 2012

® Number of interviewers: 129

e Interview duration: on average 1 hour and 40 minutes (background questionnaire
approximately 40 minutes, assessment approximately 60 minutes)

® Realized sample size: 5465 respondents

® Achieved response rate (according to PIAAC definition; design weighted): 55%

© Waxmann Verlag GmbH. Nur fiir den privaten Gebrauch.
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Box 1.2: Key Facts About the PIAAC Field Test

International Implementation

Key objectives of the field test:

- Dress rehearsal for the main survey

— Test accuracy, comparability, and timing of survey instruments

— Test functioning of new computer delivery platform developed for PIAAC

- Examine scaling procedures and evaluate psychometric properties of items and
scales; for assessment, evaluate equivalence of computer and paper modes as well
as linking to previous surveys IALS and ALL

— Select final instrumentation for main survey, based on analyses of field test data

— Check sampling, training, and survey operation procedures and materials

Number of participating countries: 26; all of these countries, except Chile and Portu-

gal, also completed the main survey

Instruments: background questionnaire administered as a computer-assisted personal

interview; assessment domains: literacy, reading components (optional), numeracy,

problem solving in technology-rich environments (optional); computer-based and

paper-based assessment

Target population: non-institutionalized adults between 16 and 65 years of age who

resided in the country during data collection, regardless of nationality, residential sta-

tus, or language skills

Sampling specifications: implementation of a probability-based random sample or con-

venience sample

Minimum sample size: 1500 completed cases per country or assessment language

Data collection period: April to June 2010

Implementation in Germany

Assessment domains: literacy, reading components, numeracy, problem solving in
technology-rich environments (all optional domains were included); administered in
German

Sample: registry-based sample (three-stage stratified and clustered sample design);
supplemented by a quota sample; sampling design was restricted to five federal states
Survey organization: TNS Infratest

Data collection period: 6 April 2010 to 30 June 2010

Achieved sample size: 1585 cases (including 1185 cases from the random sample)
Fieldwork response rate (unweighted) for random sample: 34%

Overview of Objectives and Features of PIAAC

PIAAC aims at producing high-quality data to assess and analyze the distribution of key
competencies in adult populations of different countries and, in this way, at providing pol-

icy-makers with an empirically based foundation that informs their considerations and strat-
egies. By offering empirical evidence on the competency profiles of adults, PIAAC makes
it possible to examine the impact of these skills? on social and economic outcomes, and
to explore how education and training systems, as well as other factors, may contribute to

building and maintaining these skills. Modern societies increasingly demand that adults
constantly adjust to changing conditions and continue to expand and refine their skills
throughout their lifetime. The cognitive competencies measured in PIAAC can be regarded
as generic in that they are prerequisites for many lifelong learning activities, and they are

2

In the context of PIAAC, the terms “competency” and “skill” are used interchangeably.

© Waxmann Verlag GmbH. Nur fiir den privaten Gebrauch.
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also crucial in terms of rapidly transforming modern technologies. Thus, knowledge about
the stock of key skills in the adult population assessed in PIAAC is not only important in
identifying skill shortages, but also in determining training and re-training demands, as well
as for developing, shaping, and evaluating possible interventions and policies that promote
the optimal use of available skills and their further development. The comparative perspec-
tive allows the exploration of similarities and differences across countries and cultures and
offers countries the opportunity to learn from each other.

PTAAC stands in the tradition of two prior international assessments of adults’ compe-
tencies: The International Adult Literacy Survey (IALS; OECD & Statistics Canada, 2000)
and the Adult Literacy and Life Skills Survey (ALL; Statistics Canada & OECD, 2005). These
two surveys assessed foundation skills, including prose literacy, document literacy, numer-
acy, and problem solving. Building on these two surveys, PIAAC has extended the spec-
trum of domains and construct coverage, the instrument delivery, and refined the method-
ology.

The assessment of the key cognitive competencies—literacy, numeracy, and problem
solving in technology-rich environments—is at the heart of the first cycle of PIAAC. As
defined in PIAAC, literacy is more than the mere ability to read. It encompasses under-
standing and evaluating written texts, as well as engaging with written texts and using
them to achieve personal goals, expand one’s knowledge, and to participate in soci-
ety (Jones et al., 2009). It is important to note that the PIAAC literacy construct does not
include writing texts. The conceptual PIAAC framework for literacy was based on the lit-
eracy frameworks of the preceding surveys, IALS and ALL. However, in comparison to the
previous surveys, PIAAC extended the construct in two important respects: It included dig-
ital reading (previously, only traditional print texts had been considered), and it extended
the measurement of literacy at the lower levels with the assessment of the reading compo-
nents (Sabatini & Bruce, 2009).}

Numeracy, as conceptualized in PIAAC—and which builds on the ALL numeracy
framework—is also a broader construct than simply the use of basic arithmetical skills. It
involves an adult’s ability to manage and respond to mathematical demands in a variety
of everyday situations and contexts by accessing, using, interpreting, and communicating
mathematical information and ideas (Gal et al., 2009).

PIAAC is the first large-scale assessment to include the domain problem solving in tech-
nology-rich environments.* As defined by the conceptual framework, problem solving in
technology-rich environments refers to the ability to perform practical tasks using digi-
tal technology, communication tools and networks to access, process, and evaluate infor-
mation (Rouet et al., 2009). The definition specifically covers only problems with which
people are confronted when using information and communication technologies (ICT) and
which require the active use of ICT. Furthermore, the framework stresses the communi-
cative aspect of problem solving in technology-rich environments. The construct underly-
ing problem solving in technology-rich environments unites aspects of cognitive problem-
solving skills with computer or ICT literacy skills. Although the general concept embraces
the entire range of digital technologies, the first PIAAC cycle has restricted its focus to
computers.

In addition to the cognitive assessment, PIAAC implemented a background question-
naire designed to obtain a broad range of contextual information, in order to explore the
relationship between the assessed skills and various social, educational, and economic out-
comes. Thus, the PIAAC questionnaire included a wide variety of questions on topics such
as educational qualifications, continuing education and training, work experience, work

3 The reading components were an international assessment option that was implemented in Germany
and in all but four of the participating countries.

4 The domain problem solving in technology-rich environments was an international assessment option
that was implemented in Germany and in all but four of the participating countries.

© Waxmann Verlag GmbH. Nur fiir den privaten Gebrauch.
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status, income, and other personal background information. An innovative component
of the background questionnaire aimed at complementing the direct assessment of com-
petencies with a set of questions revolving around the use of cognitive and non-cognitive
skills at work.” This new element in the background questionnaire enables the exploration
of questions related to skill mismatch. As an additional novelty, PIAAC extended this self-
report of skill use to everyday life.

Developing the measurement instruments for the three assessment domains and for the
background questionnaire was the responsibility of the international Consortium. In this, it
was guided by international expert groups for each domain, and received contributions and
comments from the participating countries. For literacy and numeracy, the instruments
overlapped with those of the previous surveys, IALS and ALL, and also extended them. All
of the items for the domain problem solving in technology-rich environments were novel
and specifically developed for PIAAC. During item development for the assessment, spe-
cial care was taken to create items that reflected commonplace tasks embedded in every-
day contexts, which would be appropriate for the different cultures and age ranges of the
PIAAC survey, would provide a full coverage of the underlying construct, and which would
yield items and scales with appropriate psychometric characteristics. Central policy objec-
tives and analytical interests guided the development of the background questionnaire, and
various approaches were undertaken to validate the PIAAC questionnaire items.

PIAAC is the first international large-scale assessment that conducted the entire inter-
view, consisting of the background questionnaire and the cognitive assessment, on the
computer. Whereas the administration of the background questionnaire as a computer-
assisted personal interview is standard in many surveys, the computer-based delivery of
the direct assessment is not. A novel technology platform and assorted tools, partly based
on, but also extending previously available software, were implemented in PIAAC. Various
challenges were involved in the endeavor of delivering the interview software completely on
the computer, which were exacerbated by the very restrictive project timelines. For exam-
ple, it was not only necessary to create a stable PIAAC platform that encompassed a vari-
ety of software components, but this software also had to be delivered to and equally func-
tional for all countries in the corresponding national versions. Furthermore, for the direct
assessment, and with a view to linking the domains literacy and numeracy with the prior
surveys, IALS and ALL, which was an important objective in PIAAC, previously paper-
based items had to be transformed for comparable delivery on the computer. In addition,
the development of new items for PIAAC explicitly intended to benefit from new features
made possible by the computer-based assessment. This also included implementing an
adaptive algorithm in the computer-based test delivery.

In summary, PIAAC aimed for an enriched measurement through the inclusion of a
new domain, the extension of constructs from IALS and ALL, in part rendered possible
through the computer-based implementation, as well as a comprehensive and analytically
rich background questionnaire.

International Quality Assurance and Control

PIAAC also strove for best practice in all phases of the survey life cycle. In order to obtain a
high-quality database with valid, reliable, and comparable data and results for all participat-
ing countries, the international Consortium established an elaborate set of quality assurance
and quality control measures. As part of these measures, a comprehensive set of interna-
tional standards and guidelines was compiled (OECD, 2010b). These standards and guide-
lines represented generally acknowledged best practices for survey implementation and

5 These questions were based on the Job Requirement Approach (Felstead, Gallie, Green, & Zhou, 2007).
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included: (a) ethics, (b) survey planning, (c) sample design and weighting, (d) survey instru-
ments, (e) translation and adaptation, (f) information technology, (g) field management,
(h) interviewer selection and training, (i) data collection, (j) data capture and file creation,
and (k) confidentiality and data security. Countries were required to adhere to these inter-
national standards, although it was possible for countries to apply for justified deviations (in
certain instances). Compliance with the international requirements was closely monitored
by the international Consortium. Part of the quality control process required countries to
fill out numerous forms that kept the international Consortium informed about all aspects
of national implementation and progress. In addition, countries received training, extensive
documentation, and participated in quality control phone calls with the Consortium. Fur-
thermore, the PIAAC field test was an important measure to ensure the functioning and
quality of the main survey. All participating countries had to carry out a field test in 2010;
more details on this field test (both from the international as well as the German perspec-
tive) can be found in Annex A.1.

The Implementation of the PIAAC Survey in Germany

The German National Center started its work in 2009. Although the entire project work was
carried out within a very tight timeline, the National Center made every possible effort not
only to achieve the high international standards, but also to enhance these with appropri-
ate national quality measures. The project had three milestones: The field test in 2010, the
main survey in 2011/2012, and the publication of results in 2013. In the initial project phase,
in preparation for the field test, activities focused on three work packages. The first consisted
of the development of the German instrumentation. The international source versions were
translated into German and adapted to fit the German context. Furthermore, the interna-
tional PIAAC software containing the German PIAAC instruments (delivered by the inter-
national Consortium) was integrated with the German case management software and tested
extensively. The second work package covered developing the national survey design for the
field test as well as a preliminary version for the main survey. The third package specified
national field test survey operations and prepared national data management activities. This
included developing study materials and the interviewer manual, interviewer training, as
well as building up a national database structure (based on and extending international mas-
ter versions).

Following completion of the field test, the instrumentation, the survey design, proce-
dures, as well as study and training materials were revised and modified for the main sur-
vey. The German fieldwork for the main survey was especially carefully planned and aimed
at bringing together a comprehensive set of suitable measures to ensure an excellent qual-
ity of the data collection, to achieve as high response rates as possible, and to limit nonre-
sponse bias. This was also important with respect to the very challenging PIAAC standards
regarding response rates and data quality.

The fieldwork for the main survey was closely monitored by both the survey organiza-
tion and the German National Center. Special care was taken in the validation of inter-
views during this phase. Following the main survey data collection, the German National
Center carried out an elaborate set of data management activities. Furthermore, weighting
variables were selected and preliminary nonresponse bias analyses were prepared. Weight-
ing for the German data was subsequently carried out by the international Consortium,
along with international data cleaning and scaling. The international Consortium released
various versions of the German national database, which included weights and plausible
values (derived through proficiency scaling), to the German National Center starting early
2013. Final nonresponse bias analyses were carried out with this database, together with
auxiliary paradata and benchmark data.
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In addition to the databases, the international Consortium provided preliminary data
analysis tools, specifically tailored to the PIAAC data structure, for the production of
national reports. These were used to prepare the national report of the German results. The
above-mentioned tools, as well as the national data files, were released by the OECD in a
final version for public use and simultaneously with their international report. The German
National Center had previously defined a set of necessary confidentiality edits to protect
the identity of respondents in the German PIAAC data set released by the OECD. To pro-
vide the scientific community with a richer data set, a first Scientific Use File with German
PIAAC data was prepared and released in the spring of 2014.

This technical report describes how the PIAAC survey was conducted in Germany. It
includes information on the international features of PIAAC, as appropriate, but focuses on
the German specifics (see OECD, 2013c for a comprehensive overview of the PIAAC survey
from an international perspective). The second chapter provides information on the instru-
mentation. The third describes sampling, fieldwork, weighting, and nonresponse bias analy-
ses. The final chapter gives an overview of the data management, data processing, and data
products. It ends with a brief evaluation of the overall data quality.
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2. Instrumentation

Assessing the domains literacy, numeracy, and problem solving in technology-rich environ-
ments (PS-TRE) in the adult population across more than 20 countries was a major objec-
tive of PIAAC. In order to measure these key cognitive competencies, a direct assessment was
developed. Furthermore, a background questionnaire was created to gain rich context infor-
mation, in order to be able to analyze factors potentially related to competencies. The devel-
opment of the instruments in PIAAC was the responsibility of the international Consortium,
with guidance from international domain expert groups, and with contributions from the
participating countries. The aim was to create comparable instruments through input har-
monization. The participating countries were responsible for translating and adapting these
instruments, to create equivalent and adequate instruments for their national context. The
international PIAAC software allowed the administration of the background questionnaire
as a computer-assisted personal interview (CAPI) as well as a computer-based delivery of the
direct assessment on a new technology platform.

This chapter first describes the interview workflow and assessment design (Section 2.1).
It then introduces the background questionnaire (Section 2.2) and the direct assessment
(Section 2.3). After presenting an overview of the translation process (Section 2.4), some
information on the technical aspects is provided (Section 2.5).

2.1 Interview Workflow and Assessment Design

This section gives a brief overview of the interview workflow and assessment design (a vari-
ant of matrix design) implemented for the PIAAC main survey, based on the descriptions
given in Kirsch and Yamamoto (2013) and OECD (2011b, 2013b), and also provides national
specifications where appropriate.

PIAAC was an interviewer-mediated survey consisting of a background questionnaire
and a direct assessment. The administration of the entire interview was computer-based.
The background questionnaire, containing a variety of questions about the respondent, was
administrated by an interviewer as a CAPI. In Germany, the duration of the background
questionnaire was approximately 40 minutes, which is comparable to the average inter-
national duration.! The direct assessment was administered immediately after the back-
ground questionnaire and was per default computer-based—this was one major innovation
of PIAAC, compared to the previous large-scale assessments of adult skills, ITALS and ALL.
Respondents who were either not capable of doing the assessment on the computer (e.g.,
because they had never worked with a computer before), or not willing to do so, could work
on the assessment on paper. During the assessment, respondents worked on their own and

1 According to the OECD (2013a), the average range of the duration of the background questionnaire
across all countries was between 30 and 45 minutes.
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without any time limit; interviewers monitored respondents’ progress and provided them
with work material, such as a calculator. For the computer branch, interviewers handed
over their laptop to respondents, whereas, in the paper branch, interviewers administered
paper booklets to the respondents. The average duration of the assessment in Germany was
approximately 60 minutes.? Figure 2.1 shows a simplified scheme of the interview work-
flow.> Although the PIAAC interview contained many components and possible routings,
the international software directed interviewers and respondents smoothly through their
individual paths.
. .Ca.se. 4’| Background Questionnaire Com;?uter
Initialization Experience
Yes 1
— Computer-Based Core 1
Paper-Based Core | = ...
— Computer-Based Core 2
Case . . - [ """ e J
Management Virtuadhiaching L Pass Fail Pass
Paper-Based Assessment Computer-Based Assessment
* Literacy « Literacy
* Numeracy » Numeracy
* Problem Solving in
Technology-Rich
Reading Components < 4 Environments
Case ¢
Finalization
Figure 2.1. Scheme of PIAAC interview workflow

The PIAAC interview was implemented using special software and then assembled in a vir-
tual machine (Jadoul, Plichart, Bogaerts, Henry, & Latour, 2013; Upsing et al., 2013a; also
see Section 2.5). In Germany, the virtual machine was integrated into the case manage-
ment system of the survey organization. Amongst other things, the case management system
organized cases and transferred data from the interviewer laptop to the survey agency. After
a case was initialized in the case management system, the interview began with the back-
ground questionnaire.

Some elements of the background questionnaire were important for the subsequent
assessment. For example, respondents who reported having worked with a computer before
(regardless of the amount of experience) were routed directly to the computer-based branch
of the assessment, after completion of the background questionnaire. Respondents without
any computer experience were routed directly to the paper-based assessment. In Germany,

2 'This is somewhat longer than the international average length for the cognitive assessment of approxi-
mately 50 minutes (OECD, 2013a).
3 A more detailed workflow can be found in Annex A.2.1.
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the interviewers were instructed not to offer the paper-based assessment as a choice. How-
ever, some respondents spontaneously refused to do the assessment on the computer and
therefore received the paper-based assessment. In total, approximately 15%* of the respon-
dents in Germany did the assessment on paper.

2.1.1 Computer Branch

The computer branch consisted of two main components: the computer-based core and the
computer-based assessment. All components of the computer branch are shown in detail in
Figure 2.2.

The computer branch started with the computer-based core, which included two stages:
CBA® Core Stage 1 and CBA Core Stage 2. Respondents first received CBA Core Stage 1,
which consisted of six short tasks that tested the basic use of the computer mouse. The
aim was to ensure that respondents were technically able to complete the computer-
based assessment. Respondents needed to complete at least four tasks correctly to con-
tinue with the computer branch. One of these tasks required the respondent to highlight
text, using the computer mouse. A correct response to this specific task was also a pre-
requisite to pass the CBA Core Stage 1, due to the fact that highlighting was essential for
many of the computer-based assessment items. As indicated above, respondents who failed
CBA Core Stage 1 were routed to the paper branch of the assessment. Respondents who
passed CBA Core Stage 1 continued with CBA Core Stage 2. CBA Core Stage 2, consist-
ing of basic literacy and numeracy items, determined whether respondents had sufficient
basic literacy and numeracy skills to proceed with the computer-based assessment. To pass
CBA Core Stage 2, at least three out of six items had to be answered correctly. Respondents
who failed CBA Core Stage 2 were routed to the paper-based reading components.

As shown in Figure 2.2, the computer-based assessment started with a general orienta-
tion, which introduced respondents to the screen layout, response formats, and other gen-
eral functionalities. The general orientation was followed by Module 1, which consisted
either of literacy, numeracy, or PS-TRE items. Following the completion of Module 1, the
respondent was routed to Module 2.

In Module 1, respondents were randomly allocated to a domain, with a probability of
one third per domain. Module 1 started with a domain-specific orientation introducing the
specific functionalities of the domain, such as spreadsheet functionalities for PS-TRE, high-
lighting functionalities for literacy, or entering numerical responses for numeracy. For lit-
eracy and numeracy, an adaptive algorithm was implemented to select item sets, i.e., task
difficulty was adapted to a respondent’s individual characteristics. Thus, the difficulty of the
assessment items varied, depending on the information derived from the background ques-
tionnaire and the performance in previous parts of the computer branch. Adaptive testing
enabled a deeper and more accurate assessment of respondents’ ability level, while reducing
respondents’ burden.

Due to the adaptive assessment design implemented in PIAAC for literacy and nu-
meracy, both Module 1 and Module 2 were organized in two stages. Each stage con-
tained different sets of items with varying difficulty (testlets): three testlets in Stage I (nine
items) and four in Stage 2 (eleven items). For both modules, only one testlet was adminis-
tered per stage. Testlet allocation in Stage 1 depended on (a) respondents’ education and
mother tongue (both derived from the background questionnaire), (b) their performance in
CBA Core Stage 2, and (c) a random element. The difficulty of the testlet selected in Stage 2
additionally depended on the respondents’ performance in the testlet of Stage 1 of the same
module.

4 Unweighted percentage (approximately 800 respondents)
5 CBA = computer-based assessment
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Computer Experience = Yes

CBA Core Stage 1
Pass Score: >4 (incl. Highlighting)

CBA Core Stage 2
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Notes. Cp. Martin et al. (2013, p. 174) and OECD (2011b). There were twelve breakoffs in the computer-based assessment (five of
them were technical breakoffs). CBA = computer-based assessment. P = allocation probability. n = number of cases.

! One technical breakof is excluded.

Figure 2.2. Workflow of the computer branch
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The assessment design for PS-TRE was not adaptive. Due to the length and complexity of
the PS-TRE items, only two testlets were assembled. One testlet was administered in Mod-
ule 1, and the other one in Module 2.

Analogous to Module 1, the domains in Module 2 were also randomly assigned. How-
ever, here the allocation probabilities depended on the domain that respondents had
received previously in Module 1:

a) Respondents who had received literacy in the first module received numeracy, with a
probability of 75%, and PS-TRE, with a probability of 25%, in the second module.

b) Respondents who had received numeracy in the first module received literacy, with a
probability of 75%, and PS-TRE, with a probability of 25%, in the second module.

c) Respondents who had received PS-TRE in the first module received numeracy, with a
probability of 25%, literacy with a probability of 25%, or PS-TRE, with a probability of

50%, in the second module.

2.1.2 Paper Branch

The paper branch consisted of three main components: the paper-based core, the paper-based
assessment for literacy or numeracy, and the reading components. Per definition, there was no
paper-based assessment of PS-TRE. All components of the paper branch are shown in detail
in Figure 2.3.

The paper branch started with the paper-based core (PBA® Core). This core consisted
of the same items as in CBA Core Stage 2, plus two additional items. Since routing in the
paper branch depended on respondents’ performance in this core, these eight items were
scored immediately by the interviewers. Respondents who answered a minimum of four
items correctly subsequently received, at random, a booklet including either literacy-only
or numeracy-only items (each booklet included 20 items). Respondents who failed the core
skipped the main part of the paper assessment and immediately received the reading com-
ponents booklet (which included 100 items). Respondents who passed the PBA Core first
completed the literacy or numeracy booklet and then the reading components booklet.
Thus, all respondents in the paper branch were administered the reading components.

After the PTAAC assessment was completed, interviewers answered questions about the
interview setting and closed the case (case finalization).

6 PBA = paper-based assessment

© Waxmann Verlag GmbH. Nur fiir den privaten Gebrauch.

19



20 Chapter 2
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Notes. Cp. Martin et al. (2013) and OECD (2011b). Breakoffs are excluded at the stage at which they occurred and the subsequent stages.
Reported number of cases after the reading components module excludes respondents with missing reading components booklets. CBA = com-
puter-based assessment. PBA = paper-based assessment. P = allocation probability. n = number of cases.

Figure 2.3. Workflow of the paper branch
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2.2 Background Questionnaire

The background questionnaire for PIAAC was developed by the international Consortium
(Allen et al., 2013), in cooperation with a Background Questionnaire Expert Group consist-
ing of international experts, and with input from the countries. The two main goals during
development were to create a background questionnaire that had the potential for analysis
(especially in combination with the competency measures), and that created data that were
internationally comparable. The international background questionnaire was developed in
English and had to be adapted and translated in each country (see Section 2.4.3).

A framework for the background questionnaire that specified the analytical underpin-
nings was developed by the international Consortium in collaboration with the interna-
tional expert group (OECD, 2011a). This framework provided a rationale for the constructs
that were to be covered in the PIAAC background questionnaire. Based on this framework,
the PIAAC background questionnaire was developed and covered topics such as socio-
demographic information, education, and training, as well as questions related to work
and the background of the respondent. As one of the innovations in PIAAC, some of the
questions were taken from the so-called Job Requirement Approach (JRA; Felstead et al.,
2007; OECD, 2011a). Its aim was to measure the relationship between competencies and the
actual use of certain skills at work and, additionally, to offer indirect measures of skills that
could not be included in the direct assessment. Concretely, the JRA asked respondents how
often they carried out certain tasks in their job. Thus, it is possible, for example, to analyze
how literacy practices at work relate to the literacy competencies measured in the assess-
ment. The PIAAC background questionnaire extended this approach to activities in every-
day life.

At the end of the development process, the international background questionnaire dif-
ferentiated ten sections, as shown in Box 2.1

Box 2.1: Different Sections of the PIAAC Background Questionnaire

e Section A — General information: year of birth and gender

e Section B - Education and training: different educational qualifications (e.g., highest
qualification or current education), detailed information on continuing education

e Section C - Current status and work history: respondent’s occupational status
(employed, unemployed, or out of the labor force), simplified employment history

e Section D - Current work: respondent’s occupation, sector of industry, work satisfac-
tion, working hours, salary/earnings

e Section E — Recent work: very similar to Section D but for last job; directed to respon-
dents who were not working at the time of the interview: respondent’s occupation,
sector of industry, etc.

e Section F - Skills used at work: activities in the current or last job (e.g., cooperation
with co-workers, planning activities, time management, physical work)

e Section G - Skill use literacy, numeracy, and ICT at work: reading, writing, numeracy
and computer tasks carried out at work, computer experience

o Section H - Skill use literacy, numeracy, and ICT in everyday life: analogous to Section
G, but related to everyday life

e Section I - About yourself: volunteering, social trust, political efficacy, and health

® Section ] - Background information: children, country of birth, citizenship, parental
education

7 'The international background questionnaire can be accessed on the OECD PIAAC website (http://www.
oecd.org/site/piaac/).
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Figure 2.4. General routing of the background questionnaire

Because some of the topics covered in the background questionnaire were not relevant for
all respondents, respondents received different sections of the background questionnaire,
depending on their biography. The flow chart (Figure 2.4) shows which group of respond-
ents was administered which sections of the background questionnaire. All respondents
received Sections A to C as well as Sections H to J. However, only respondents currently
working received Section D. Respondents with recent work experience (within the past five
years) received Section E. Respondents currently working or with work experience during
the last year also received Sections F and G.
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The PIAAC background questionnaire aimed at being partly comparable to other sur-
veys and also at implementing questions that had been previously tested. Therefore, many
of the questions were taken from other surveys. Most of these questions originated from
ALL. A number of questions were also taken from the Adult Education Survey (AES), the
Labour Force Survey (LFS), and others. Moreover, there were some questions that were spe-
cifically designed for PIAAC. The exact sources for the background questionnaire questions
can be found in the documented international background questionnaire, which can be
accessed at the OECD PIAAC website referred to above.

The quality of the international background questionnaire was thoroughly validated.
One important part of the validation strategy was the administration of an extended ver-
sion of the final background questionnaire in the PIAAC field test. Question selection for
the main survey questionnaire focused on (a) a content-based review of construct priorities
at international and national levels and (b) item performance, as determined by the field
test data analyses. Based on empirical analyses of these data, the most valid variables and
indicators for proficiency, question sets that formed reliable scales, and questions with the
lowest country-specific bias were selected.

2.2.1 German Adaptations and Extensions

The international background questionnaire had to be adapted by each country to accom-
modate for national systems and constraints and translated into its target language(s). The
background questionnaire adaptation guidelines specified certain variables that had to be
adapted to fit the national context. These adaptations referred to substantial changes, made
necessary by differences in national systems (and not to strictly language-driven adapta-
tions, which are a part of the translation process described in Section 2.4). Structural adap-
tations were implemented to reflect national differences, for example, in (a) educational
and training institutions, (b) labor market institutions, (c) currencies and salary ranges for
the measurement of income, and (d) origins of typical migrant populations. They involved
changes to the question content, often with structural implications such as supplementary
response categories, or even additional questions. In addition to such internationally pre-
scribed adaptations, countries could apply for supplementary adaptations. However, these
were to be restricted to an absolute minimum and national requests had to be well-justified
and approved by the international Consortium. Furthermore, each country was allowed five
extra minutes for national extension questions in the background questionnaire.

The international Consortium requested countries to document adaptations to the
national background questionnaires in an Excel spreadsheet, which served as a communi-
cation and documentation tool. Box 2.2 gives an overview of the background questionnaire
questions that were adapted for Germany.
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Box 2.2: German Adaptations

a) Educational qualifications
In PIAAC, there were various questions relating to educational qualifications. These ques-
tions referred to a variety of contexts, such as the highest qualification, recent (last 12
months) and current education, and attempted, but not completed, educational qualifica-
tion. Because of the nature of the educational system in Germany, two questions (in con-
trast to one question in the international background questionnaire) had to be asked to
obtain the necessary information on educational background: the first related to general
education (allgemeinbildender Schulabschluss) and the second to a professional/university
qualification (beruflicher Ausbildungsabschluss/Hochschulabschluss). The response cate-
gories (i.e., different qualifications) for these questions were widely based on the Micro-
census 2005 categories and the German demographic standards (Statistisches Bundesamt,
2004). National educational experts were also consulted. The fact that two questions and
not one were needed to obtain the required information on educational qualifications also
affected the routing of the German background questionnaire.

Furthermore, it was necessary to drop the international question on the number of
qualifications obtained during the last year (variable name: B_QO04b).

b) Occupation

Countries were asked to implement occupation questions that reflected the best way,
nationally, to obtain the level of detail required for coding into the International Standard
Classification of Occupations 2008 (ISCO-08; International Labour Office, 2012; see Sec-
tion 4.2 for more details). The international background questionnaire used two questions
here. In Germany, the wording was based on questions from various national surveys and
the German demographic standards (Statistisches Bundesamt, 2004). The first question
also included examples of potential responses, in order to show respondents the level of
detail that was required.!

¢) Industry

Similarly, the questions on industry had to be coded into the International Standard
Industrial Classification of All Economic Activities (ISIC; United Nations Statistics Division,
2013a). The international background questionnaire specified two questions for indus-
try that required an open response. Again, countries were asked to use the best available
questions to obtain adequate information. The German questionnaire followed the inter-
national question structure. The wording for the first question was based on the question
in the Socio-economic Panel (SOEP 2008), which also required an open response. The
second question produced the same level of detail as the international background ques-
tionnaire.

d) Salary

The international background questionnaire included questions on the respondents’
salaries (or wages/earnings) that were to be answered primarily in an open format.
Because these questions are known to be highly sensitive and therefore usually yield com-
paratively high rates of item nonresponse, additional closed format questions with salary
ranges were added. Thus, if respondents were not able or willing to report their salaries/
earnings in detail, they were administered closed format questions. The corresponding list
specified six salary ranges, which were defined by the average gross wage/salary in each
country (for example, the third category for the German question on monthly salary was:
1300 euros to below 2300 euros). The German categories were determined using data
provided by the Federal Statistical Office, based on the German Microcensus.
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e) Countries/Languages
PIAAC included several questions relating to countries or languages, such as the coun-
try of birth or languages most often spoken at home. To facilitate the answer process for
respondents, the most common countries or languages were given as a closed list, with
an additional open format for countries or languages not included. These closed lists of
countries and languages were adapted in each country. In Germany, the lists were adapted
based on the most common countries of origin (citizenship) or languages, according to
data provided by the Federal Statistical Office (Statistisches Bundesamt, 2008).

However, no adequate information on the country of birth or mother tongue was
available. Data on citizenship were therefore used as a proxy to derive the categories for
these questions.

f) Field of Education

In the international background questionnaire, the response option for questions on field
of education was a closed list. Because the terminology used in this list was academically
oriented, PTAAC Germany adapted this for respondents with a vocational qualification to
a question with a free text entry. These respondents specified the name of their qualifica-
tion instead of choosing a field of education.

g) Answer schemes related to occupational questions

The last set of adaptations in the German PIAAC questionnaire was related to modifi-
cations and extensions of certain response categories. For example, the categories of the
question related to the type of employment contract held by the respondent (variable
name: D_QO09DE) were adapted to include the full set of national employment contracts.

1 The examples were the same as those used in the SOEP 2008 questionnaire. A third question was
included in the PIAAC field test, based on the German demographic standards. However, this was
dropped for the main survey because most respondents did not provide any additional information.

After data collection, responses to the nationally adapted questions were (re-)coded into the
international scheme (see Section 4.2).

In Germany, the adaptation process was supported by national background question-
naire experts and by the Scientific Advisory Board. The Scientific Advisory Board also par-
ticipated in the selection process for the national extensions for Germany.

Questions about the following subjects were added to the German questionnaire as
national extensions:

® part-time retirement,

® respondents citizenship,

® place of residence before the fall of the Berlin Wall in 1989,
® Janguage spoken at age 16,

® parental country of birth, and

® parental occupation.

The extension about part-time retirement was introduced to accommodate the German
retirement system, in order to differentiate between respondents who were in the active
versus the passive phase of their part-time retirement. Those in the active phase still work,
whereas those in the passive phase do not. However, all persons in part-time retirement
are officially regarded as employed. The wording of the questions in all sections related to
employment was also adapted to accommodate this situation.
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The other extensions were chosen for national analytical purposes. For example, the
place of residence before the fall of the Berlin Wall is crucial for analyzing differences
between respondents who grew up in the former German Democratic Republic versus the
Federal Republic of Germany. Parental occupation was included in order to obtain impor-
tant information on aspects of the respondents’ socio-economic background and social
mobility.®

The German background questionnaire can be downloaded from the GESIS PIAAC
website (http://www.gesis.org/piaac/).” In the background questionnaire documentation,
questions that were adapted are identified by an additional country code included in the
variable name (in Germany: DE). Extensions are identified by the country code and an
additional X (in Germany: DEX). The German adaptations and extensions are not included
in the international Public Use File, but they are available in the German Scientific Use File
(see Section 4.3).

2.2.2 Testing the Background Questionnaire

Following the completion of the translation and adaptation process, and once again after the
changes made between the field test and main survey, countries tested the background ques-
tionnaire. In Germany, thorough testing was carried out, focusing on: (a) routing, (b) com-
putation of derived variables, (c) overall flow of background questionnaire, (d) export files,
(e) CAPI functionality and navigation, (f) stability of CAPI system, and (g) review of final
translation.

Two approaches were followed to test the routing:

1. Each background questionnaire question was tested individually, ie., each possible
response was entered and the subsequent corresponding routing checked against the
CAPI specifications.” Due to the routing complexity, numerous paths through the back-
ground questionnaire had to be tested.

2. All these paths were compared to a national background questionnaire HTML" file, in
which the routings were implemented as hyperlinks, as well as to a graphical representa-
tion of the background questionnaire flow.

All derived variables created by the CAPI system by combining information from different
variables were tested to check whether the allocation process was correct. This was especially
important in Germany, due to the number and the complexity of the national derived var-
iables for the education questions.

The overall flow was tested using a number of pre-defined biographies. Some of these
scenarios were internationally designed and adapted for the German background question-
naire, and additional scenarios were developed and tested for national purposes. Further-
more, mock interviews were carried out. The flow tests verified whether the correct ques-
tions were administered, and whether the content and numbering of show cards were
consistent. Functionality tests involved, amongst other things, checking navigation through
the background questionnaire (using the keyboard or mouse) and testing whether help
functions worked. All corresponding export files were checked for completeness and cor-
rectness. Furthermore, the stability of the CAPI platform was tested. For this, testers tried

8 Originally, this question was assessed in the field test version of the background questionnaire in all
countries. Due to time constraints, it was not included in the final version of the international back-
ground questionnaire.

9 It can also be found under doi:10.4232/1.11865 (or https://dbk.gesis.org/dbksearch/download.
asp?db=D&id=52072).

10 An international tool enabling testers to jump to specific questions was used here.

11 HTML = hypertext markup language
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to crash the system in various ways, such as using function or other keys indiscriminately,
or clicking extremely quickly. Translation testing involved examining whether the word-
ing used throughout the background questionnaire was harmonized (also through the
different routings) and that each question was comprehensible in the overall flow. It also
involved checking the so-called dynamic text. Dynamic text means that several questions
were worded differently depending on the responses to previous questions. For example,
when asked about their job, respondents who were not currently working received the ques-
tion that used the past tense (thus referring to their last job) or, for respondents currently
working, the question was worded in the present tense (thus referring to their current job).

All problems were reported to the international Consortium via a ticketing system. Bugs
that were fixed had to be re-tested. This meant that, in several cases, numerous iterations
were necessary.

2.2.3 Administering the Background Questionnaire

The background questionnaire was administered as a CAPI, so that interviewers were routed
through the questionnaire. For reasons of standardization, interviewers were instructed to
read the questions verbatim and not to allow respondents to look at the text on the lap-
top screen. Interviewers recorded respondents’ answers on the laptop. Because some of
the response lists were very long, interviewers had a set of show cards that they handed to
respondents. Respondents could thus read the response categories on the show cards, which
facilitated their response process.

For respondents with language problems, interviewers were encouraged to find an
interpreter (e.g., a family member) to help translate the background questionnaire ques-
tions and responses. Note that while this was explicitly allowed for by the PIAAC standards
for the background questionnaire administration, help of any kind—including translation
support—was forbidden for the direct assessment.

2.3 Assessment Instruments

This section provides a brief overview of how the assessment instruments for literacy,
numeracy, and PS-TRE were developed by the international Consortium, as well as some
information on the German implementation. As mentioned earlier in this chapter, the
PTAAC survey design foresaw that the assessment items were to be implemented, by default,
on the computer. Implementation of the assessment on the computer has several advan-
tages: It allows a wider range of constructs to be measured, and also yields rich paradata,
such as mouse clicks and time stamps. Furthermore, measurement precision and efficiency
is increased through adaptive testing. Respondents who did not fulfil the necessary require-
ments for the computer branch were administered the paper-based assessment.

2.3.1 PIAAC Skill Domains

The three basic skill domains measured in PIAAC—literacy, numeracy, and PS-TRE—repre-
sent key information-processing skills that are regarded as crucial in work-place, personal,
educational, social, and civic contexts. International expert groups developed frameworks
for each domain, defining the underlying constructs and their various dimensions. Based on
these frameworks and in consultation with the expert groups, the international Consortium
developed the assessment instruments for PIAAC. Analogous to the background question-
naire, the assessment items were developed in English and then translated and adapted by
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each country. This crucial element in instrument realization is described in detail in Section
2.4.4.

Literacy

Literacy is one of the key basic skills needed in today’s society. As the amount of written
information that individuals have to process in everyday life increases in quantity and com-
plexity, demands on literacy skills are also growing. The international literacy expert group
defined literacy for PIAAC as follows: “Literacy is understanding, evaluating, using and
engaging with written texts to participate in society, to achieve one’s goals, and to develop one’s
knowledge and potential.” (Jones et al., 2009, p. 8).

The literacy framework for PIAAC (Jones et al., 2009) was based on the frameworks of
the previous surveys on adult literacy, IALS and ALL. Whereas IALS differentiated between
prose and document literacy, both ALL and PIAAC combined prose and document liter-
acy into a unified construct. PTAAC extended the literacy concept to include literacy in the
digital environment, for example, reading electronic text, which is becoming increasingly
widespread in modern societies.

The literacy framework identified three central construct dimensions that define the
content, the context, and the cognitive processes needed to manage literacy tasks success-
fully. These dimensions were the foundation for the literacy item development (a simplified
scheme is shown in Figure 2.5).

Content: Cognitive processes: Contexts:

Medium * Access and identify » Work/occupation

* Print * Integrate and interpret * Personal

* Digital « Evaluate and reflect * Community and
citizenship

Format * Education and training

» Continuous

* Non-continuous
* Mixed

» Multiple texts

Note. Based on Jones et al. (2009).

Figure 2.5.

Dimensions of literacy

One of the goals of PIAAC was to provide a precise measure of literacy skills at the lower
end of the literacy scale. Adults with low skill levels are at greatest risk for negative social,
economic, and labor market outcomes. Previous surveys showed that a more detailed assess-
ment at the lower levels of literacy proficiency had not been adequately addressed empiri-
cally (Jones et al., 2009). Thus, PIAAC introduced the reading components, which extended
the literacy concept measured in PIAAC to include three additional basic types of tasks:
word meaning (print vocabulary), sentence processing, and basic passage comprehension
(Sabatini & Bruce, 2009). The reading components items were administered on paper only.
They were an optional assessment component carried out in Germany and the majority of
the participating countries.
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Numeracy

Numeracy has long been considered a fundamental skill needed by adults to function effec-
tively at work and in their private life. As technical and quantitative aspects of our everyday
environment become more important, adults are increasingly required to cope with mathe-
matical demands in a variety of situations.

In PIAAC, the definition of numeracy was widely based on the ALL numeracy frame-
work, with a somewhat broader construct. The international numeracy expert group
defined numeracy as follows: “Numeracy is the ability to access, use, interpret, and com-
municate mathematical information and ideas, in order to engage in and manage the math-
ematical demands of a range of situations in adult life” (Gal et al., 2009, p. 21).

The numeracy construct was also described along the dimensions content, cognitive
processes, and contexts, as illustrated by the simplified scheme shown in Figure 2.6.

29

Content: Cognitive processes: Contexts:

* Quantity and number

* Dimension and shape

« Pattern, relationships,
and change

« |dentify, locate or access

 Act upon or use

* Interpret, evaluate,
analyze

» Everyday life

» Work related
 Societal or community
* Further learning

» Data and chance * Communicate

Note. Based on Gal et al. (2009).

Figure 2.6. Dimensions of numeracy

Problem Solving in Technology-Rich Environments

The need for information-processing skills in the context of new technologies increasingly
permeates modern life, and empirical information about this new set of skills is lacking.
Thus, a new domain was developed to obtain information on how adults cope with everyday
problems using new technologies. PIAAC is the first survey to assess the domain PS-TRE,
which was made possible due to the computer-based implementation of the assessment. This
international option was assessed in Germany and all but four of the other participating
countries. As defined by the international expert group, PS-TRE involves:

using digital technology, communication tools and networks to acquire and evaluate
information, communicate with others and perform practical tasks. The first PIAAC
problem solving survey will focus on the abilities to solve problems for personal, work
and civic purposes by setting up appropriate goals and plans, accessing and making use
of information through computers and computer networks. (Rouet et al., 2009, p. 9)

It is important to note that, by definition, no assessment of PS-TRE was possible in the
paper branch. Figure 2.7 shows a simplified overview of the dimensions that were differenti-
ated for PS-TRE.
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Task/problem
statement:

Elements of a
situation that trigger
problem solving
(e.g., directions)

Technologies:

* First cycle of
PIAAC: computer

* Applications (email,
web, spreadsheet)

* Functionalities (e.g.,

Cognitive
processes:

* Set goals and
monitor progress

* Plan

» Locate and evaluate
information

Contexts

* Personal
» Work/occupation
* Civic

- Make use of
information (select,
organize, and
transform)

sorting, links)

Note. Based on Rouet et al. (2009).

Figure 2.7.

Dimensions of PS-TRE

For details about the competency domains, see the corresponding frameworks (Gal et al,
2009; Jones et al., 2009; Rouet et al., 2009; Sabatini & Bruce, 2009); for information on the
item development and example items, see OECD (2013a, 2013b, 2013c); an overview of the
domains and German example items for literacy, numeracy, and PS-TRE are given in Zabal
et al. (2013). Examples of German reading components items for word meaning and sen-
tence processing are shown in Annex A.2.2.

2.3.2 Item Development for PIAAC

The main objectives for the development of the cognitive instruments were to ensure that
the items in the assessment (a) were well-balanced with respect to the construct dimension
distributions recommended in the frameworks, (b) showed adequate psychometric proper-
ties, (c) were culturally appropriate and comparable across countries, and (d) yielded an ade-
quate distribution across difficulty levels (see OECD, 2013b, 2013c). For more details on the
development of the cognitive instruments see Lennon and Tamassia (2013).

The PIAAC cognitive instruments consisted of a number of items that were taken from
previous surveys, as well as items that were newly developed for PIAAC. Approximately
60% of the PIAAC literacy and numeracy items were taken from IALS and ALL (Yama-
moto, Khorramdel, & Von Davier, 2013a). These so-called linking items were included
in order to link back to these previous surveys and enable trend analyses. These items
remained generally unchanged for PIAAC. However, since IALS and ALL only used paper-
based items, it was necessary to adapt them for their computer-based implementation in
PIAAC. Various changes were required for the computer-based application; one major
adaptation was the modification of the response modes. For example, for open text entry
literacy items, a highlighting functionality, which could be automatically scored, was devel-
oped for the computer-based items (more information about automatic scoring is provided
later in this section). Some of the items were implemented both paper-based as well as com-
puter-based in PIAAC. The international Consortium analyzed data from the PIAAC field
test to establish whether these two delivery modes were comparable. Results indicated no
significant mode effects (OECD, 2013b); this was further confirmed by results from the
main survey, which showed that the majority of items had common parameters for both
the paper- and the computer-based versions of the same item (Yamamoto, Khorramdel, &
Von Davier, 2013b).
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In addition to the linking items, new items were developed by the international Consor-
tium, in cooperation with the domain expert groups, and with contributions from coun-
tries.”> At various stages of the development process, countries were asked to provide feed-
back on cultural and linguistic appropriateness and implementation aspects. All items for
the new PS-TRE domain were developed specifically for PIAAC, as were the items for the
reading components. It should be noted that the new literacy items were developed for use
in one unique mode: either only computer-based or only paper-based. The new literacy
items focused on electronic reading, as an innovative element of the literacy framework.

Table 2.1 shows the number of linking and new literacy and numeracy items delivered
in one mode only, and the number of items that were administered in both modes. A com-
plete list of linking units (consisting of one or more items) is provided in Annex A.2.3.

Table 2.1. Linking and New Items in Paper and Computer Mode

Literacy Numeracy
Mode Linking New Linking New Total
Only paper-based / 6 2 2 10
Only computer-based 12 22 14 18 66
Paper-based and computer-based 18 / 17 3 38
Total 30 28 33 23 114

Note. /| = no items.

As mentioned previously, one of the central aims of the field test was to test the functioning
of the cognitive items. Therefore, the field test included more items than the main survey:
(a) 85 items for literacy, (b) 75 items for numeracy, (c) 24 tasks in 14 scenarios for PS-TRE,
and (d) 324 reading components items. The final main survey assessment instrument con-
sisted of (a) 58 items for literacy, (b) 56 items for numeracy, (c) 14 PS-TRE tasks in 11 sce-
narios, and (d) 100 reading components items. Item selection was based on the international
Consortium’s analyses of the assessment items and the evaluation of their statistical perfor-
mance, using field test data. Amongst other things, this involved checking whether items
showed differential item functioning, i.e., were harder or easier in certain countries, com-
pared to the rest. Based on these analyses, and with a view to balancing the item pool in
terms of construct representation, the final item set was selected by the international Con-
sortium and the domain experts for the main survey.

12 Germany did not submit any items.
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2.3.3 Implementation of Computer-Based Items

Before working on the computer-based cognitive assessment, respondents received a short
introduction (orientation) to the tasks, including information on functionalities and navi-
gation options. Respondents were informed that they could not go back to previous items,
once they had completed a unit, and were also told that some items were easier than others.
For each specific domain, respondents learned about the different response modes.

The screens for the computer-based items had a consistent layout and display through-
out all assessment domains: The left-hand side showed the task information, i.e., user
instructions and directions, as well as the questions. The right-hand side of the screen dis-
played the stimulus material, i.e., the text, graphical information, etc., that needed to be
processed to answer the question. Navigation and help buttons were located at the bottom
of the left panel. Figure 2.8 shows this general layout (for a literacy or numeracy screen).

| Directions | Stimulus

| Question |

Navigation and
help buttons

Q@0

Figure 2.8. Example of a computer-based literacy or numeracy item layout

© Waxmann Verlag GmbH. Nur fiir den privaten Gebrauch.



Instrumentation

33

Navigation and
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Figure 2.9. Example of a PS-TRE item layout

The screens for PS-TRE were more complex because the stimulus side also included vari-
ous icons and navigation options; these were part of the technology tools (web, spreadsheet,
email) and functionalities (e.g., the split screen function) made available for the PS-TRE sce-
narios. An example of the layout of a PS-TRE item with a spreadsheet environment is shown
in Figure 2.9.

Sometimes the same stimulus was used for various items—this set of items corre-
sponded to a unit.

For computer-based literacy and numeracy items, three main response modes, which
generally required only rather basic computer skills, were available: clicking, numeric entry,
and highlighting. A clicking item required the respondent to use the computer mouse to
click on a certain part of the stimulus, or select multiple choice options or a radio but-
ton on the left panel. A typical clicking item, for example, involved clicking on a link or
on a graphical element in the stimulus. A numeric entry item involved typing a numeric
answer into the response box on the left panel, using the number keys, a period or comma
for the decimal point, and the space key; all other keys were locked. Responses to highlight-
ing items were given by using the computer mouse to highlight a part of the stimulus text
in response to the question; required responses could range from highlighting one or more
words to several sentences. In addition to these three response modes, a few items used a
pull-down menu. Table 2.2 shows the distribution of items over the various response modes
for literacy and numeracy.
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Table 2.2.  Response Modes of Literacy and Numeracy Computer-Based Items

Response mode Literacy Numeracy
Clicking item 16 16
Numeric text item 3 34
Highlighting item 33 0
Pull-down menu 0 2
Total 52 52

In PS-TRE, the response modes were more complex and included using pull-down menus,
clicking on links, sending emails, and setting bookmarks.

As described in Section 2.1, the computer-based branch of the assessment delivered dif-
ferent testlets consisting of different sets of items. Testlets were always domain-specific, i.e.,
they contained items from one domain only.

Automatic Scoring of Computer-Based Items

In previous surveys, and also for the paper-based assessment in PIAAC, the respondents’
answers to paper items were scored by human scorers after data collection. Scoring means
that the response given by a respondent is evaluated as either correct or incorrect according
to detailed scoring guides. The scoring definitions are an integral component of the items.
For the computer-based assessment in PIAAC, however, in order to be able to implement an
adaptive testing algorithm that achieves better estimates using a smaller number of assess-
ment items per person, it was necessary to find a way to score the computer-based items via
an immediate, automatic process. Concretely, it was necessary to evaluate the responses as
correct or incorrect immediately after respondents had entered their answers. Because this
task had to be carried out by the computer without interaction with a human scorer, exact
rules for assessing whether an answer was correct or incorrect (the scoring definitions) had
to be integrated into the programming of the computer-based items. Correct responses were
scored as 1, incorrect responses as 7, and no response as 0.

These scoring definitions were specified for the international literacy and numeracy
items and had to be subsequently adapted in each country according to specific instruc-
tions (the process for PS-TRE was different and will be explained later). Scoring defini-
tions were a part of the international verification process to ensure the comparability of the
instruments, as described in Section 2.4 on translation.

The different response modes required different approaches to the scoring definitions.
The scoring definition for clicking items specified in which area of the screen, for exam-
ple on which link, the respondent had to click for a correct response. These items required
only minimal adaptation, because click areas generally remained consistent across different
national versions.

The scoring definition for numeric entry items could include a single number, a range, or
a list of discrete numbers. In PIAAC, two different scoring methods were used: (1) number
match: the numeric response was considered correct if it represented the same numerical
value as the correct response, regardless of the way the number was “spelled” (1.5 = 1 %),
and (2) exact match, which meant that the scoring algorithm only accepted an exact answer
(e.g., 1.0 was not accepted if 1 was considered the correct response). Adaptations to scor-
ing rules for numeric entry items were required for items in which numbers or number
formats had been nationally adapted. In Germany, the final instruments accepted different
numerical spellings, for example, different decimal separators, to accommodate the increas-
ing internationalization of number use.

For highlighting, scoring definitions included determining a minimum and maximum
response area that specified the acceptable correct response. The minimum response area
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was defined by the key information which was, per se, sufficient to qualify as a correct
response. The maximum response area corresponded to the maximum information that
could be highlighted and still remain an allowable correct response. This included the key
information as well as additional, but non-contradictory, information. The rationale for
this was that an otherwise correct response was disqualified when incorrect information
was additionally highlighted. The response always had to include the minimum correct
response (necessary condition). Using a special tool (the Textblock Translation Editor), two
specific text blocks were technically defined: (a) the minimum correct response, and (b) the
miss area that determined an incorrect response. The miss area was the complement of
the maximum correct response. The highlighting response mode required the most adap-
tations, as it is very language-dependent. Due to the length and structure of the German
language, finding comparable scoring definitions for some highlighting items proved to be
challenging.

The scoring process for PS-TRE items differed from that for literacy and numer-
acy. Automatic scoring was not implemented for this domain because the items were not
administered adaptively. Instead, the items were dichotomously and polytomously scored
by the international Consortium, based on information in the output files (such as clicks on
links, navigation through the website, etc.). Thus, scoring for PS-TRE took place after field-
work, once the national main survey data were submitted to the international Consortium.
At the same time, but prior to scaling, procedures to handle missing data for the literacy
and numeracy items were applied by the international Consortium (Yamamoto, Khorram-
del, & Von Davier, 2013c¢).

2.3.4 Implementation of Paper-Based Items

As described in Section 2.1, respondents who did not have sufficient computer experience or
could not work on the computer-based items for other reasons were administered the assess-
ment on paper. In total, there were four paper booklets: (1) core booklet, (2a) literacy book-
let, (2b) numeracy booklet, and (3) reading components booklet. The core booklet contained
eight comparatively simple questions (four literacy and four numeracy questions), whereas
the literacy and numeracy booklets had 20 items each. The reading components book-
let included three sections; each respondent had to answer a total of 100 short questions.
Respondents were generally administered three booklets: (a) the core booklet, (b) either
the literacy or the numeracy booklet (assigned at random), and (c) the reading components
booklet. In some cases, respondents were administered only two booklets: Respondents who
failed the core skipped the literacy or numeracy paper assessment and worked directly on
the reading components."

The literacy and numeracy paper booklets started with an introduction to the tasks.
Respondents were instructed by the interviewer to read these before beginning to work on
the tasks. In general, for most of the items, the stimulus was on the left-hand side of the
booklet and the questions on the right-hand side. Analogous to the computer-based assess-
ment, respondents answered each question without any time limitations. They were also
encouraged to work through the booklet sequentially.

The paper items had several different response modes: open items, circle items, and mul-
tiple choice items. The literacy paper assessment (literacy core items and literacy booklet)
included 22 open items, one circle item, and one multiple choice item. The numeracy paper
assessment (numeracy core items and numeracy booklet) was composed of open items only.

As a part of the item development, the international Consortium produced item-by-item
scoring guides specifying which responses were to be scored as correct and which as incor-

13 A small group of respondents who failed the CBA core were only administered the reading components
booklet, as described in Section 2.1.
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rect.” These scoring guides were subsequently nationally translated and adapted. After data
collection, all paper booklets were scored by specially trained human scorers who followed
the detailed PIAAC scoring instructions. The scoring process is described in more detail in
Section 4.2.

For the routing in the paper branch, it was necessary to evaluate responses to core items
immediately, because respondents who passed the core were to be administered the liter-
acy or numeracy booklet, whereas those who failed only received the reading components.
Therefore, it was necessary for the interviewers to score core booklet items during the inter-
view itself. The interviewers were provided with the scoring rules on the laptop screen, and
they had been extensively trained for this task during their training (see Section 3.2).

The reading components booklets consisted of three different types of tasks: word mean-
ing (print vocabulary), sentence processing, and basic passage comprehension. For word
meaning, respondents were shown a picture and four alternative words. Out of these, they
were asked to circle the matching word. In sentence processing, respondents were shown
simple sentences and asked whether they made sense. For basic passage comprehension,
respondents had to read a short passage. Respondents were asked to choose one of two pos-
sible words to end some sentences within this passage, i.e., they had to circle the word that
completed the sentence meaningfully.

Since all reading components items were multiple choice questions, a complex scor-
ing process was not required. Responses to reading components were straightforwardly re-
coded as correct and incorrect after data collection.

2.3.5 Testing the Assessment

One important national responsibility was to test the general functionality of the computer-
based assessment, to ensure that the national versions worked correctly. Testing had to be
re-iterated several times during the development of the national instruments for the field
test, because there were several deliveries of the instrumentation. Furthermore, problems
that were reported and fixed had to be tested again. Another extensive round of testing was
carried out after finalization of the instruments for the main survey.

In Germany, the computer-based assessment was tested in-depth. For some of these
checks, testing scenarios were provided by the international Consortium; for others, we
produced our own testing plans. Testing covered seven areas:

®  Checking the translation and readability of all texts on the screens: This involved reading
the text as a whole, comparing it with the original version of the item, checking whether
the layout was correct and that all the text on the screen was visible, legible, and corre-
sponded in font and layout to the international master.

o Testing the routing across sections in the computer branch: The different pathways through
the assessment were systematically tested to determine whether the routing worked
according to the design specifications.

® Checking the correct allocation of testlets/adaptive testing: The allocation of testlets
depended on several entries in the background questionnaire, entries in the assess-
ment, and a random factor. This test checked whether the adaptive testing design worked
according to the assessment design specified by the international Consortium. Further-
more, the correct numbering of units and questions was checked.

o Testing the functionality: In the computer-based assessment and, in particular, in the
PS-TRE items, many functions, such as using pull-down menus, search and sorting func-
tions were available. The tests checked whether the functionalities worked correctly and
whether the designated functionalities were available for each specific item.

14 Only one literacy item also had a partial credit.
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o Testing the automatic scoring: Scoring testing was an elaborate and time-consuming pro-
cess. The first tests of the scoring definitions were carried out on a testing portal con-
ceived especially for this process. These tests were later repeated with the national virtual
machine. To check that the technical implementation of the scoring definitions worked
correctly, each item had to be tested numerous times by entering different correct or
incorrect responses. For example, different spellings were tested for the numeric entry
items. For highlighting items, the minimum and the maximum correct response were
checked, as well as many other correct and incorrect answers.

® Checking the export files: This especially crucial check included ensuring that all corre-
sponding files were correctly exported and, for example, that information on entered
responses was accurately documented.

o Testing the stability of the platform: Similar to the testing for the background question-
naire, the stability of the software was tested."

In comparison, checking the paper booklets was straightforward and consisted primarily
of checking the correctness and legibility of the text, as well as the layout. A final version
of the printed paper booklets was sent to the international Consortium for sign-off prior
to final booklet printing. This ensured correct implementation and standardization across
countries.' In addition, the functions and navigation of the international software for the
paper branch had to be carefully tested, because the interviewers received instructions for
the administration of the paper assessment in the international software.

2.3.6 Instructions to Interviewers and Material Given to Respondents

Interviewers were extensively prepared for their role as assessment administrators during
their training. They were also strictly instructed not to help respondents during the assess-
ment.

For the assessment, respondents were given a set of materials that they could use to
answer the items. Specifically, they were given a numeracy kit consisting of a photo,"” a cal-
culator, and a ruler. Respondents were also provided with paper and a pencil, for notes.
According to the international specifications, the calculator was only allowed to have sim-
ple functions. The calculator and the ruler both had to be signed-off by the international
Consortium, once again to ensure that the same standardized conditions were met across
all PTAAC countries. Photos were supplied by the international Consortium.

The interviewers were automatically routed through the different branches of the assess-
ment and were given appropriate instructions by the international software. In the com-
puter branch, interviewers were first instructed to read information about the assessment to
the respondent. These instructions indicated that it was important that respondents attempt
all tasks, but that some tasks were easier than others. Interviewers also announced that
there would first be a short introduction to the assessment (the orientations) before the
actual assessment started. Interviewers were then instructed to hand over the computer,
the numeracy kit, and paper and pencil to the respondent. Respondents then worked on the
computer-based items on their own and without any time restrictions.

In the paper branch, interviewers first read out a set of instructions. Respondents were
told, for example, that if they could not answer a task, they could just move on to the
next one (i.e., the answer to a particular question was not needed for the next question).
The instructions in the international software guided the interviewers, who first handed

15 As a part of the instrument testing, international and national scripts controlling the virtual machine
were also extensively tested.

16 As part of the standardization across countries, even the weight of the paper to be used for the booklets
was specified by the international Consortium.

17 'The photo was required for a specific numeracy item.
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respondents the core paper booklet, paper, and a pencil. The interviewers had to score the
core items, and the international software directed them through this process and provided
appropriate scoring instructions. If the respondent had completed the core booklet success-
fully, the interviewer was instructed to hand over the literacy or numeracy booklet—the
international software randomly selected one of the two booklets, i.e., the corresponding
booklet was automatically displayed in the instructions to the interviewer. If the numeracy
booklet was assigned, the interviewer was instructed to give the respondent the numeracy
kit. Once the respondent had completed the (literacy or numeracy) booklet, the interviewer
was instructed to hand over the reading components booklet and to read out the appropri-
ate instructions. Because the rate of processing information was of particular interest in the
reading components assessment, interviewers were instructed to click on a timer button
on the computer screen as the respondents started each task and to end timing when they
completed it.

2.4 Translation of Instruments

Adequate translation and adaptation of survey instruments are essential to ensure the equiv-
alence of measurement and, thus, comparability across different languages and cultures.
PTIAAC recognized the need to establish best-practice procedures and quality control mea-
sures in order to produce translated instruments of the highest possible quality in all the
PIAAC languages. Towards this aim, the international Consortium produced a set of trans-
lation and adaptation guidelines and recommendations, sophisticated translation tools, and
in-person training (see Ferrari, Wayrynen, Behr, & Zabal, 2013).

All master versions of instruments and materials were in English."® Countries were
responsible for the translation into their national language(s). In Germany, the survey
instruments were translated only into German. The country versions were subsequently
verified by the international Consortium, i.e., their quality was vetted by independent lin-
guistic experts trained in the evaluation of instrument translation.

Three different sets of materials with somewhat different requirements were translated:

e the background questionnaire,
e the direct assessment, and
® survey administration materials.

As recommended in the international guidelines, a double translation and reconciliation
procedure was implemented in Germany both for the background questionnaire and the
assessment material. Translations were produced by professional translators. A committee or
teamwork approach was used for reconciliation of the various versions, and the final steps
and reviews were carried out by the German National Center. The challenge of reconcilia-
tion consists in merging the two independent translations into a final version that achieves
the best possible balance between faithfulness and fluency (Ferrari et al., 2013). Reconcil-
iation using a teamwork approach has the advantage that the mix of skills and expertise
needed for creating the best possible translations can be brought together.

There were no particular specifications for the translation of the survey administration
materials (specifically, the very comprehensive interviewer manual and interviewer train-
ing materials). These were first translated by a professional translator and then extensively
re-worked, with diverse national amendments and supplements, by the German National
Center, in collaboration with the survey organization.

18 Only one source version was produced for PIAAC (unlike PISA, which had source versions both in
English and French).
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The full translation process described in this section took place in preparation for the
PTAAC field test in 2010."” Following the analyses of the field test data by the international
Consortium, only minimal changes to the German translations were required and imple-
mented for the main survey.

Before describing the translation of the background questionnaire and the assessment in
more detail, we will first outline the selection of translators, their training, the translation
tools, and the translation workflow in PIAAC.

2.4.1 Translators

All translators involved in the translation of the PIAAC instruments for Germany were
required to have the following qualifications:

e skilled practitioners, with perfect command of source and target languages and cultures,

® German (target language) as mother tongue,

® experience in translating questionnaires (for translation of background questionnaire),

® experience in the translation of cognitive instruments and, thus, some familiarity with
the principles of assessment (for translation of assessment), and

® an adequate level of computer literacy.

The first four national requirements were mandatory. The last was desirable but not oblig-
atory. In total, four professional translators were commissioned for the translation of the
PIAAC instruments in Germany. Two of them produced separate translations for the back-
ground questionnaire, and two translated the direct assessment.

The international Consortium provided in-person translation training to assure the
international comparability of the translation process. This training familiarized transla-
tors with survey objectives and basic design features, the PIAAC translation workflow, and
item-by-item specifics. For Germany, the two professional translators responsible for the
translation of the assessment, the translation coordinator, and various other members of
the National Center attended this training. Furthermore, the German National Center and
the national IT coordinating team gave the translators of the assessment a supplementary
one-day training session. This national translation training consisted of hands-on technical
training and a review of central translation recommendations and procedures. Translators
were provided with the full set of documentation relevant for their work.?

2.4.2 Translation Material, Workflow, and Tools

The international Consortium produced general translation guidelines as well as item-by-
item guides for both the background questionnaire and the direct assessment. Furthermore,
the translation process was supported by the international Consortium via a ticketing sys-
tem that could be used by countries to consult international reviewers and item developers.
The translation process was managed by the countries via a so-called Item Management Por-

19 As described in the previous sections, more background questionnaire questions and assessment units
and items were tested in the field test than were actually used in the main survey, because one of the ob-
jectives of the field test was to test the functioning of the PIAAC measurement instruments in all coun-
tries and to select the best set of questions and items for the main survey (see also Annex A.1).

20 The two translators entrusted with the translation of the background questionnaire did not receive the
PIAAC translation training as provided by the international Consortium, but they were given detailed
instructions. The schedule of the German translation of the background questionnaire preceded the in-
ternational schedule, because several members of the German National Center were also responsible for
the translation guidelines for the background questionnaire as a part of their involvement in the inter-
national Consortium.
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tal. This was a secure online facility (web portal) available to all PIAAC user groups involved
in the translation process: translators, national centers, verifiers, and other members of the
international Consortium. The Item Management Portal gave users access to all translation-
relevant documents (from guidelines to electronic item files) and managed all necessary file
exchanges between the users. This web portal also offered a preview function, which was of
utmost importance for the assessment material.

The national translation workflow encompassed the following basic phases and feedback
loops:

1) initiation of translation by German National Center (installing translator accounts and
allocating translation assignments to individual translators, thus giving them access to
electronic files),

2) translation; release of translations by translators to German National Center,

3) team reconciliation and review of translation by German National Center; release of
finalized translation to verifier,

4) verification (international quality control); release of verifier feedback to German
National Center,

5) various feedback loops between German National Center, verifier, and other members
of the international Consortium (including several layout checks and subsequent correc-
tions; for assessment material, also various processing loops for scoring implementation),
and

6) final check.

The initial translation phase (first three steps listed above) took approximately three to four
months. Approximately five additional months were required after the first verification (steps
four to six). The entire process was documented in several spreadsheets.?' These contained
the English source version, sub-divided into the stimulus, the interviewer instructions, ques-
tions, and scoring definitions. They also specified the translation recommendations (so-
called item-by-item directives), verifier interventions (verifiers allocated severity codes when
they identified problems with national translations, and also proposed corrective actions),
further country comments (including requests for national adaptations), and Consortium
responses for the subsequent verification loops, up to the final check. Sometimes the target
version was also inserted in English, to facilitate communication with the international Con-
sortium and test developers, because these could obviously not be familiar with all survey
languages. Thus, back translation was used here only for documentation purposes.

The electronic files for the computer-based material (background questionnaire and
computer-based assessment) could be processed using Computer-Aided Translation tools
such as TRADOS or the Open Language Tool (OLT). Translations were therefore produced
in XLIFF files with an XML interchange format.?> In Germany, the OLT XLIFF translation
editor was used for translation processing. In this editor, the text segments on the left-hand
side showed the source version, and the translations were inserted into the identical seg-
ments on the right-hand side. Translation of the paper-based material was done with Word
files.

21 Background Questionnaire Adaptation Spreadsheet and, for each direct assessment unit, an individual
Verification Follow-up-Form
22 XML = Extensible Markup Language; XLIFF = XML Localization Interchange File Format
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2.4.3 Translation of the Background Questionnaire

The content of the background questionnaire required a certain amount of structural adapta-
tion to obtain both nationally appropriate and internationally comparable background infor-
mation. Structural adaptations included, for example, changes in the number of response
categories or even, to a certain extent, modifications of the questionnaire routing. Given the
technical constraints of the translation process (i.e., using XLIFF-files as the basis for trans-
lation), structural adaptations had to be finalized before the provision of the translation files.
Information regarding the German structural adaptations to the background questionnaire
is provided in Section 2.2.1. Here, we will focus only on the actual translation; this may
include non-structural adaptations to a certain (relatively minor) extent.

The general aim in translating the background questionnaire was to transport the same
semantic content, question intent and design features into the target language in a way
that was (equally) comprehensible to a very heterogeneous group of respondents. This also
included catering to regional variations in language or differences in vocabulary use in dif-
ferent age groups. Beyond the usual translation challenges, the terminological consistency
of key terms and recurrent wording was extremely important. Therefore, during the entire
translation process, key terms, instructions or response scales used repeatedly in different
sections of the questionnaire received special attention. Furthermore, some systematic dif-
ferences in wording were implemented via use of dynamic text. For example, the wording
of questions relating to parental occupation differed, for 16 year olds, from that for the rest
of the respondents.” Dynamic text was entered into a special spreadsheet* and then used
to create the national electronic XLIFF files for translation.

If the international background questionnaire adopted questions from an existing inter-
national survey in which Germany had participated, we took the existing, validated Ger-
man survey questions (see Section 2.2). The questions were then critically checked, because
adherence to the PTAAC international source version was a prerequisite that had prece-
dence over comparability with existing surveys. When necessary, changes were made so
that the German PIAAC translation complied with the PIAAC source version.

As mentioned above, two independent translations were produced by professional Ger-
man translators experienced in translating survey questionnaires. The background ques-
tionnaire was reconciled in a team review consisting of: the two professional translators;
two national background questionnaire experts; several in-house GESIS experts (with
expertise in survey translation, questionnaire design, and survey methodology); members
of the German National Center, including the national translation coordinator, who led the
reconciliation process. The reconciliation meeting reviewed the two translations for each
question (including those that were taken from other surveys), all response categories, and
interviewer instructions. A decision was made either for one of the two translations, a com-
bination thereof, or a new version was created by uniting the best features of the individual
translations.

For the background questionnaire, the follow-up revisions and finalization process were
protracted. The entire questionnaire translation was carefully reviewed to check the quality
of the final translation and adherence to the PIAAC background questionnaire translation
guides. Another review focused on harmonization between all the background question-
naire sections. Furthermore, it was important to ensure that the terminology and question
wording of the structural adaptations were consistent with the rest of the questionnaire and
that the overall flow was smooth. The national background questionnaire experts were re-
consulted about major changes.

23 For the 16 year olds, the introduction read: “Does your mother or female guardian hold a paying job?”,
whereas, for the others, it read: “Did your mother or female guardian hold a paying job when you were
16 years old?”.

24 Dynamic Text Rule Spreadsheet
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2.4.4 Translation of the Direct Assessment

For the direct assessment, the aim of translation and adaptation was to achieve cognitive
equivalence. Translating the assessment requires a different focus and skills set than the
translation of questionnaires, because it requires a basic understanding of the principles of
test construction. For example, it is critical that translations avoid changing the item diffi-
culty by making them simpler (e.g., by providing unintentional clues) or more difficult. It is
important to recognize critical item characteristics and to be aware of translation-relevant
differences between domains. For example, the items for numeracy explicitly used relatively
simple language to reduce the overlap with the literacy domain. At the same time, it was
essential to understand whether mathematical concepts were expressed in technical or in
non-technical language, because this needed to be reflected in the translation. For PS-TRE,
the language used was to be more informal and colloquial to fit the item context.

A general issue arose from the fact that, due to characteristic features of the German
language, the German translations were typically longer than the English source texts. This
was especially problematic for the computer-based assessment: It was crucial that all lan-
guage versions be comparable in terms of the screen set-up. For example, it was impor-
tant that German respondents should not be obliged to scroll more often, or at different
locations, than in the source version and other PIAAC languages. Thus, this was an addi-
tional challenge that made it necessary to re-work translations in later phases, if the degrees
of freedom allowed for in the international layout were not sufficient to accommodate the
length of the German text.”

A few adaptations were internationally prescribed, the most notable of which were
required for the numeracy assessment. The national versions were to display numerical
information as was customary in the country, and use appropriate units of measurement
and the national currency. In Germany, for example, we used commas as decimal separa-
tors, implemented the metric versions of items, and changed the currency signs to euros.?

The translation of the reading components was somewhat different from that of the
other domains. Due to the unique linguistic characteristics of each language, the transla-
tion of the reading components required significantly more adaptations. For example, it was
often necessary to construct language-specific distractors. Specific instructions and adapta-
tion procedures were provided in the translation guidelines for the reading components.

For the translation process, it was important to differentiate between the new items
that were developed for PIAAC and the linking items from TALS and ALL. We will first
describe the translation process for the new items.

For the new parts of the direct assessment, the following sets of materials were trans-
lated:

a) new literacy items (including paper scoring guides),

b) new numeracy items (including paper scoring guides),

¢) the full set of PS-TRE items,

d) the full set of reading components (including paper coding guides),

e) orientation modules,

f) assessment workflow, which was especially extensive for the paper branch because it also
included all the scoring instructions for the interviewers, and

g) ICT core.

For the translation of the direct assessment (sets a-d), two independent translations were
produced. For the assessment material, the German National Center shared translations with

25 In a few cases, some deviations were unavoidable and could not be solved through translation changes.
26 There was no need to change the monetary amounts, since the dollar (source) and euro were sufficiently
comparable.
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the Austrian National Center.”” Thus, a German translator produced one translation, and the
Austrian translation served as a second independent translation in the double translation
plus reconciliation procedure used.

As mentioned above, for each domain, the two translations were reconciled in a team
review with the following participants: the German translator, one national expert per
domain, an in-house GESIS expert on survey translation and members of the German
National Center.?® For the reading components, linguistic expertise was especially impor-
tant, and an in-house GESIS linguist therefore also attended the reconciliation meeting.

The materials in the sets e-g (mentioned above) were first centrally translated by the
international Consortium, and then carefully reviewed and re-worked by the German
National Center.

For the TALS and ALL linking items, the procedure was different, because extensive
direct translation work was not involved. Because Germany had participated in IALS, orig-
inal versions of the German IALS items were available and were carefully reviewed by the
German National Center. These items were essentially left unchanged with the following
exceptions:

a) If deviations from the international source or the international PIAAC guidelines were
found, or if errors in the original IALS-DE version needed to be corrected, the inter-
national Consortium and the literacy expert group were consulted about these changes,
decisions were reached bilaterally, and the approved corresponding changes finalized.

b) Some adjustments were required by the recent German spelling reform.

c) For the computer-based items, some further modifications were internationally required
and implemented, according to the specifications in the corresponding PIAAC guidelines.

For the ALL linking items, the procedure was somewhat different, because Germany did not
participate in this survey. The national experts first reviewed the Swiss-German versions of
the ALL items (Notter, Arnold, Von Erlach, & Hertig, 2006).” Based on these reviews, the
German National Center revised and implemented the expert recommendations, and then
reviewed all items. As an additional source of information, the modified ALL items used
by the Institute for Employment Research (IAB) in their ALWA study (Working and Learn-
ing in a Changing World; Kleinert, Matthes, & Jacob, 2008) were consulted, as were trans-
lation experts for final touches. Otherwise, as for the TALS items, the international Consor-
tium and expert groups were consulted when clarifications were needed, compliance to the
PIAAC guidelines was enforced, and the spelling reform was implemented.

As was the case for the background questionnaire, the German National Center exten-
sively reviewed and re-worked all translations after the reconciliation meeting. At this
stage, both the new assessment materials as well as the linking items were carefully pro-
cessed. This process covered:

® reviewing all translations (including the paper scoring guides, if applicable) and their
adherence to item-by-item guides. This included checking the text and displaying all
computer-based items via a preview function, to ensure that the stimulus, questions, and
instructions were realized as intended.

27 Sharing translations between the two countries greatly reduced the costs. However, it was only feasible
for the assessment because there were too many national systemic differences for this to work for the
background questionnaire.

28 The Austrian translator was not available for the reconciliation meeting. For literacy, the domain expert
was only available by phone.

29 Due to the fact that work on the linking items began before GESIS was appointed to carry out the Na-
tional Project Management for PIAAC in Germany, this review was commissioned by an interim Na-
tional Project Manager.
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® harmonizing recurring terms over all sets of materials (e.g., consistency across units in
directions, help menus, navigation, etc.).

® checking version consistency for items that were delivered in both the computer- and
paper-based modes.

¢ defining automatic scoring definitions for the computer-based literacy and numeracy
items. For example, for items with a highlighting response format, this was implemented
in the finalized national XLIFF file using the Textblock Translation Editor (more infor-
mation on automatic scoring is given in Section 2.3.3). The automatic scoring definitions
were also included in the international verification.

® processing of verification results, implementation of corrections and numerous paral-
lel rounds of layout checks (as mentioned previously, layout issues sometimes needed
to be addressed by finding a shorter translation). Sometimes, such changes also entailed
changes to the automatic scoring. This phase included several feedback loops with the
international Consortium.

2.4.5 Changes to Translations Prior to Main Survey

After the field test, some revisions to the measurement instruments were required by the
international Consortium. Additional changes could also be requested by the countries. This
process was documented in the relevant main study spreadsheets.” Results of the interna-
tional field test item analyses carried out by the international Consortium were also docu-
mented here, i.e., national items with poor item functioning were identified and countries
asked to check for possible translation errors. The German National Center accordingly
scrutinized the translations of the few items that were flagged by the international Consor-
tium, and made changes if a significantly improved version was found. Overall, only a lim-
ited number of changes were required and made to the field test instruments. These subse-
quently underwent a verification by the international Consortium.

2.5 Technical Platform and Specifications

Although CAPI is standardly used in many surveys, PIAAC was the first international large-
scale survey to also implement the assessment on computers. This innovation raised vari-
ous technical challenges that were successfully addressed by the international Consortium
together with the PIAAC countries, so that the main survey was run on a stable, well-func-
tioning platform.

At a national level, it was necessary to bring together different areas of expertise, to
establish the technical groundwork and to ensure a smooth interview process, as well as the
production of reliable and error-free data outputs. In Germany, the technical implementa-
tion work for PTAAC was shared between three organizations. The national IT coordination
was handled by the DIPF. It had the overall responsibility for national IT processes and
provided second-level technical support for the survey organization. TNS Infratest, the sur-
vey organization, was responsible for the case management system, integration of the inter-
national software into the case management system, and other company-specific systems
and software. It also provided the hardware and delivered first-level technical support for
interviewers. The German National Center at GESIS was responsible for the overall coordi-
nation of technical issues and for testing the software components.

30 The Main Study Translation-Adaptation-Verification Monitoring Form, a spreadsheet similar to that
used for the field test.
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The following sections present an overview of the international software infrastructure
for PIAAC, the German technical workflow, different national hardware and software com-
ponents, and specifics of the German case management system.

2.5.1 International Technical Components

The PTAAC technical environment was relatively complex, because it incorporated both the
background questionnaire and assessment components into a virtual machine, which was
then integrated into the external national case management system. The decision to imple-
ment the PIAAC survey instrument as a virtual machine was made to ensure the compara-
bility of the PIAAC delivery, irrespective of computer operating systems, because the virtual
machines are well-separated from the surrounding host systems. All software embedded into
the platform for the international PIAAC survey instrument consisted of open source com-
ponents. The operating system within the virtual machine itself was a Debian Linux sys-
tem. On this Linux platform, several software components were combined to realize the
survey interview, which consisted of the background questionnaire and the assessment mod-
ule. The main part of the software embedded into the virtual machine was the open source
assessment platform TAO (Testing Assisté par Ordinateur),”’ which was the outer shell for
test delivery. The assessment items in the TAO delivery system itself were based on differ-
ent technologies, such as the survey module developed especially for PIAAC, TAO Qual, for
the background questionnaire, the CBA-Itembuilder for literacy and numeracy items, and the
TAO BLACK model for the PS-TRE items.

First, a so-called Mother VM» was built that contained all common data, such as the
operating system, and all country-independent software components. Second, the base
national virtual machines were derived from this Mother VM, and country-dependent
information and data were retrieved from the Item Management Portal (see Section 2.4.2).
These components were then assembled into the individual national virtual machines and
delivered to the countries. They were then tested in several rounds until they reached a
final delivery status (for more detailed information, see Upsing et al., 2013b).

2.5.2 German Technical Workflow
The PIAAC software infrastructure in Germany consisted of three main components:

e PIAAC virtual machine,
® case management system NIPO32, and
e Data Management Expert software.

Figure 2.10 illustrates the general PIAAC technical components and the software installed
on the interviewer laptops. The survey organization home office transferred case informa-
tion and assignments from the National Survey Management Server to the case management
system on the interviewer laptops. All interviewer laptops were equipped with a Windows
XP operating system, the case management system, the VMware Player, the German vir-
tual machine, and both international and national scripts. Interviewers regularly transmit-
ted interview export files for each finalized case back to the National Survey Management
Server. Subsequently, the Data Management Expert software was used to handle the inter-
view export files (see Section 4.1 for details about the data processing steps).

31 The current version of TAO can be downloaded from http://www.taotesting.com/resources/download-
tao.
32 VM = virtual machine
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Figure 2.10.

Technical PIAAC components and German interviewer laptop software

More concretely, in the interview situation, interviewers started a case via the case man-
agement system client on the laptop. After this case initialization, the case management
system launched a script that subsequently started the virtual machine and imported the
required case parameters, such as the respondent’s age and gender, into the virtual machine.
After completion of the PIAAC interview, the case management system triggered the virtual
machine to produce export files and to shut down.

The technical workflow, including all components, was tested exhaustively prior to the
fieldwork period.

2.5.3 Virtual Machine and Scripts

In Germany, the national virtual machine was run on the VMware Player. As mentioned
above, the virtual machine was well-separated from the surrounding system. However, some
restricted communication between the host operating system (Windows XP) and the guest
(virtual machine) was necessary, for example, to (re-)start or stop the virtual machine and
to exchange data. Therefore, the international Consortium provided a number of scripts to
control the virtual machine. These scripts interacted with the PIAAC virtual machine via
the VMware VIX interface software. This software provided services such as controlling vir-
tual machines, file handling, and calling programs and scripts inside the virtual machine.
The German technical implementation made use of all the international PIAAC scripts for
virtual machine remote control, case management, and data access, as well as maintenance
and administrational requests. A list of these scripts can be found in Annex A.2.4; a detailed
description of the PIAAC scripts and their functionalities is summarized in the international
technical report (Upsing et al., 2013b).

The virtual machines also incorporated a patch mechanism which could be used to fix
software bugs in the virtual machine after installation on the interviewer laptops. Contrary
to the field test, the German virtual machine proved to be stable in the main survey and
patching was not required during fieldwork.

A national feature of the German virtual machine was a splash screen that was dis-
played while the virtual machine was shutting down. This splash screen covered a basic
case management system code and reduced the risk of unwanted interviewer interactions
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with the case management system (thus reducing possible system destabilizations and
crashes) until the shutdown and data export were completed.

2.5.4 Case Management System

The case management system used by the national survey agency TNS Infratest is called
NIPO32 (also known as COMPASS or ODIN) and was provided by TNS NIPO (Nether-
lands) and TNS Infratest (Germany) to carry out the PIAAC survey in Germany and in
the Netherlands. The case management system was used by home office to assign cases and
supervise interviewers, and by interviewers to manage their assignments on a day-to-day
basis. Nevertheless, NIPO32 was not built to handle the complexity of an embedded virtual
machine. Furthermore, as mentioned above, the international instrument did not allow, for
security reasons, any direct communication between the external software on the laptop and
the TAO system embedded into the virtual machine. Therefore, it was necessary to develop
another software layer between the software components. This third specific software com-
ponent was a national script, MOAS (Mother Of All Scripts), which was used to control rel-
evant scripts from the international set of scripts.

2.5.5 Interviewer Laptops

The PIAAC standards and guidelines required that the interviewer laptops used for the
interview meet specific hardware requirements (OECD, 2010b). The standard for the screen
size was especially crucial, because the computer-based assessment items needed to be com-
parable across countries, and deviations in display and stimulus size could lead to psycho-
metric differences impacting on the assessment results. The standards for the laptops were
defined by the international Consortium at a very early stage of PIAAC (beginning of 2008),
and strove to define requirements that would also be feasible for countries with a relatively
old IT infrastructure (i.e., purchased well before the start of the study). Meeting the inter-
national standards proved to be a challenge in many countries, as was the case in Germany.
The laptop characteristics defined in the standards were no longer available when the laptops
were purchased for the field test data collection in Germany. The main issue was that the
screen size of 1024x768 pixels at 14” specified by the standards could not be met, because
all vendors had changed to a widescreen format in the interim. Therefore, the international
Consortium adjusted the screen size standards to account for these changes and allowed
limited degrees of freedom. To ensure that the standardization was met across countries,
national laptops had to be approved by the international Consortium prior to the field test
fieldwork.

In Germany, Fujitsu ESPRIMO Mobile D9510 laptops were purchased with a screen size
of 1280x800 15.4”. This provided 94% of the size of the original 1024x768 14” screen and
was within the allowed 10% deviation from the original screen size. The German laptops
had the following specifications:

e Fujitsu ESPRIMO Mobile D9510,

® 154 inch WXGA Notebook (native resolution 1280x800 pixel),
e Intel Core 2 Duo P8700, 2.53 GHz,

e 2GB RAM,

e 160GB HDD,

e Intel GMA X4500HD,

e DVD+- DL RW,
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e Windows XP Professional Version 2002 with Service Pack 3 installed, and
® Fujitsu Eco Black Wired Optical Mouse.

The German interviewer laptops complied fully with the international standards; the hard-
ware specifications actually exceeded the recommended parameters indicated in the interna-
tional standards.

In addition to these standards, the settings in Germany were harmonized on all lap-
tops to ensure that the same conditions applied. This included (a) deactivating the standby
mode, (b) setting the screen brightness to 100%, (c) disabling the scroll wheel of the com-
puter mouse, and (d) deactivating the touchpad.”

33 The touchpad was deactivated to avoid unintentional cursor movements and highlighting during the as-
sessment.
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3. Sampling, Fieldwork, Weighting, and
Nonresponse Bias Analyses

PIAAC strove to implement best practices in survey methodology in all participating coun-
tries. At a national level, the German National Center undertook serious efforts to find the
nationally optimal survey design and procedures for the different stages of the survey life
cycle, so as to minimize survey errors from different sources. This included defining and
implementing the best sampling design to realize a probability-based sample as well as field-
work procedures and strategies for maximizing response rates while monitoring and limit-
ing nonresponse, all of which are of special importance in high-quality face-to-face surveys.

At an international level, the quality assurance process required countries to docu-
ment their survey design and processes in numerous forms. For example, very early in the
process, an extensive National Survey Design and Planning Report, encompassing critical
aspects of the standards and guidelines, had to be submitted by participating countries.

This core chapter of our national technical report elaborates on the German sample
design and selection (Section 3.1), fieldwork strategy and survey operations (Sections 3.2
and 3.3), weighting of the data and subsequent nonresponse analyses to evaluate the quality
of the national data (Section 3.4).

3.1 Sample Design and Selection

PIAAC was designed to provide insights into the skills and competencies of working-age
adult populations, specifically adults aged 16 to 65 years. Each country participating in
PTAAC was required to specify a sample design that generated a probability-based sample
that was representative of this target population (OECD, 2010b). The international Con-
sortium implemented a set of quality control checks and procedures that were performed
throughout the entire sample selection process, in order to assess and evaluate all sampling
activities in the participating countries (Mohadjer, Krenzke, & Van de Kerckhove, 2013b).
For this purpose, detailed sampling design plans and several forms documenting the sample
selection process were prepared by each country; these forms needed a final sign-off by the
international Consortium.

In Germany, a registry-based, two-stage stratified and clustered sampling design was
implemented, with the selection of (1) municipalities as primary sampling units (PSUs) or
clusters at the first stage and (2) individuals at the second stage. Given this design, each in-
scope unit had a chance of being selected for the sample and, thus, for each sampled unit
(PSU or person), a non-zero probability of selection can be calculated.

The present section provides general information on the target population, sampling
frame, sample size, sample design, and sample selection, as well as information specific for
Germany.
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3.1.1 Target Population, Sampling Frame, and Sample Size

The PIAAC target population consisted of non-institutionalized' adults aged between 16 and
65, whose usual place of residency was in the country, here Germany, during the time of
data collection, regardless of their citizenship, legal status, or first language (Mohadjer et
al., 2013b; OECD, 2010b). For all countries with registry samples (including Germany), all
adults aged 16 to 65 years on 1 December 2011 (reference date) were included.

The sampling frame is a list or another type of register from which a sample is drawn.
In a multi-stage sample design, a sampling frame is required for each stage of selection. In
Germany, the sampling frame for the first selection stage was the Federal Statistical Office
frame of communities, dated 30 December 2009.” For the second stage, the registers of the
local population registries in the municipalities that had been selected at the first stage were
used as sampling frames.

Given that not all individuals of the target population in Germany are properly reg-
istered’ at their local population registry (e.g., illegal immigrants), the lists of inhabitants
used did not completely cover the target population. According to international standards,
sampling frames were to cover at least 95% of the target population (Mohadjer et al., 2013b;
OECD, 2010b). For Germany, this standard was met: The noncoverage rate for illegal immi-
grants was estimated to be about 0.5%," supplemented by another 2% for other individuals
who were not listed in the register, for example, because they had recently moved and not
yet registered at the local registry of their new place of residence.’

For the Consortium to be able to calibrate reliable item parameters and to define a pop-
ulation model for each test language in PIAAC separately, a minimum sample size of 5000
completed cases® was required (this refers to countries that included the optional domain
PS-TRE, as was the case for Germany). Germany started with a gross sample of 10240
selected individuals. The achieved net sample comprised 5465 completed cases.

3.1.2 Sample Design and Sample Selection in Germany

According to PIAAC standards, a self-weighting sample design had to be implemented, in
order to obtain a sample that was representative of its target population. Countries had to
adhere to widely recognized principles of scientific sampling “to achieve the maximum pre-
cision possible for a given sample size, while limiting the costs of data collection” (OECD,
2010b, p. 44). No substitution of sampling units was permitted at any stage (OECD, 2010b).

In Germany, the methodically best option available was selected: a registry-based sam-
ple design, which had previously been successfully implemented in various high-quality
national social science surveys, e.g., the German General Social Survey, ALLBUS (see Koch,
1997; Wasmer, Scholz, Blohm, Walter, & Jutz, 2012).

1 Adults residing permanently in institutions, such as prisons, nursing homes, or military bases, were ex-
cluded from the target population.

2 The Federal Statistical Office frames of communities (Gemeindeverzeichnisse der Bundesrepublik
Deutschland des Statistischen Bundesamtes) for different years can be obtained from the DESTATIS web-
site www.destatis.de.

3 Proper registration refers to the principal residence and not to a secondary residence.

4 This is a rather conservative estimate that was based on information on the total stocks of irregular
foreign residents in Germany retrieved from the Database on Irregular Migration (Hamburgisches
Weltwirtschaftsinstitut, 2010).

5 The 2% refer to ex post exclusions allowed for registry samples. The information about individuals not
listed in the register was obtained during data collection as a part of the address search procedure to
trace respondents (see Section 3.3).

6 For the definition of a completed case, see Section 3.3.
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First Stage: Selection of Municipalities

For the first stage, a stratified random sample of municipalities was selected with a probabil-
ity proportionate to size (PPS) design. First, municipalities were stratified to cells of a matrix
that was formed by a combination of the following variables: federal states, administrative
regions, districts, and urban/rural status (using a variable called BIK).” Sample points were
subsequently allocated to the stratification table. Sample points encompass a fixed number of
individual addresses to be drawn from the registries of the selected municipalities at the sec-
ond stage.

Measure of size (MOS) for all municipalities was the overall number of individuals in
the target population. The allocation of sample points to the stratification cells occurred in
proportion to the MOS of the strata. The MOS for each stratum was derived from the total
MOS of all municipalities in the relevant stratum. Sample points were allocated to strata
by applying Cox’s controlled rounding algorithm (1987). This procedure ensured that the
distribution of selected municipalities in the sample reflected the distribution in the whole
population with regard to federal states, administrative regions, districts, and rural/urban
status.

After application of the Cox algorithm, the selection of a municipality within a sam-
pled stratum was achieved by systematic random sampling with a random start and a pre-
defined sampling interval. In general, there was one sample point per municipality. How-
ever, more than one sample point was allocated to larger municipalities, due to their MOS.?
Overall, 320 sample points were selected in 277 municipalities.

Second Stage: Selection of Persons
After stage one, registries in the sampled municipalities’ were contacted and informed about
the PIAAC survey. In general, municipalities in Germany are not obliged to select persons
and their addresses for the purpose of scientific research. In the past, in other surveys based
on registry samples, municipalities that refused to provide addresses were substituted by
municipalities with similar characteristics from the same sampled stratum (Wasmer et al.,
2012). As mentioned above, substitution in PIAAC was not permitted at any stage. Thus, in
Germany, methods had to be established to convince representatives of reluctant municipali-
ties of the necessity to participate. This was achieved by several approaches, both conducted
by the survey organization or the German National Center, and ranged from phone calls to
personal visits by team members at local registries. Overall, there was only a small num-
ber of reluctant municipalities. In the end, the efforts were successful and all municipalities
agreed to provide addresses.

The selected municipalities were provided with the following instructions for the selec-
tion process:

® Draw a systematic random sample of individuals, with a random start number and a
sampling interval.

e Select 180 cases per sample point in municipalities with 500000 or more inhabitants, or
120 cases in municipalities with 100000 to 499999 inhabitants; otherwise, select 60 cases.

® Provide personal information (such as name, address, age, gender, nationality) for each
selected case.

7 The information was derived from official statistics of the Federal Statistical Office from 30 December
20009.

8 More than one sample point was allocated in Berlin, Bremen, Cologne, Dortmund, Dresden, Diissel-
dorf, Duisburg, Essen, Frankfurt/Main, Hamburg, Hanover, Leipzig, Mannheim, Munich, Nuremberg,
Stuttgart, and Wuppertal.

9 Due to very high fees for an address selection in Braunschweig, Frankfurt/Main, Hanau, and Offenbach,
addresses were not selected from the complete register in these municipalities, but from randomly se-
lected city districts.
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Data delivered by registries were checked for (a) consistency (e.g., selection only of valid
individuals belonging to the target group), (b) completeness, and (c) duplicate copies. Incon-
sistencies were reported back to the registries and occasionally new data were re-delivered.

Following this cleaning process, the survey organization drew a stratified sample of
individuals from the complete pool of delivered addresses and selected 32 cases per sam-
ple point. Selection was performed as follows: All delivered addresses for each sample point
were first allocated to a 12-cell-matrix (six age groups by gender). Subsequently, an opti-
mization algorithm was run for each sample point. This algorithm selected 32 persons
under the constraints that (a) the socio-demographic structure of a municipality was well
reflected with regard to age group and gender and (b) the socio-demographic structure of
the federal state in which the municipality was located was also well matched. The remain-
ing addresses were kept for use as reserve samples; ultimately, no reserve sample needed to
be released.

Unfortunately, an error occurred at this stage. Usually, the survey organization’s stan-
dard procedure is to randomly order the pool of addresses before drawing the sample.
However, the cases had been sorted by age for quality control checks prior to selection, and
this sorting order was mistakenly still in place when the sample was selected. In combina-
tion with a rounding error in the selection program, some age groups (those ending with
0) were over-represented, and others (in particular, those ending with 9) were under-rep-
resented in the sample. This discrepancy was detected only after data collection had been
completed and thus could not be resolved by drawing a new sample. As a consequence,
the sample no longer has the characteristic of an EPSEM" sample, as originally intended.
Instead, the selection probabilities for the individuals vary.

Although it is, in principle, possible to model the incorrect selection probabilities, this
process is enormously complex and time-consuming. Therefore, the selection probabilities
were approximated through simulations, i.e., the erroneous optimization algorithm was
repeated 10000 times. In order to estimate the selection probability of each element of the
sample frame, the frequency with which an element occurred in the 10000 samples was
counted. With this simulation approach, the resulting probabilities are adequate approxi-
mations of the “true” inclusion probabilities.

Thus, the sample remains probability-based (Mohadjer et al., 2013b; Mohadjer, Krenzke,
Van de Kerckhove, & Hsu, 2013c) and is representative of its target population. It is a ran-
dom sample with non-zero and known probabilities for all elements. The overall inclusion
probabilities were determined as the product of the (known and positive) probabilities of
selecting a municipality multiplied by the inclusion probabilities for the individuals in the
selected municipality (as determined by 10000 simulation runs).

3.2 Preparing for Fieldwork

In Germany, a variety of best practices were established for fieldwork and put in place to
produce high quality, comparable data, and to achieve the best possible adherence to the
international standard requirements, within national constraints. One of the most ambi-
tious standards, from a national point of view, was the fieldwork standard for the required
response rate. The minimal overall response rate for PIAAC was targeted at 70% (OECD,
2010b). Response rates between 50% and 70% were also regarded as acceptable if countries
provided analyses indicating that the potential nonresponse and undercoverage biases were
within acceptable limits. These benchmarks clearly exceed response rates realized by other
high-quality international and national probability surveys in Germany. For example, the
European Social Survey (ESS) achieved response rates of around 31% and 34% in the last

10 EPSEM = Equal Probability of Selection Method
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two rounds in Germany (European Social Survey, 2012, 2013). Analogously, the German
General Social Survey (ALLBUS), which is one of the leading social surveys in Germany
in terms of survey methodology, obtained response rates of approximately 40% and 34% in
the last two rounds (Wasmer, Scholz, & Blohm, 2010; Wasmer et al., 2012). Therefore, maxi-
mizing response rates—while simultaneously minimizing nonresponse bias—was one of the
major focuses of the German fieldwork strategy.

The national fieldwork specifications for PIAAC were developed cooperatively during
extensive discussions between the German National Center, GESIS fieldwork experts, and
the national survey organization. The comprehensive set of fieldwork measures for PIAAC
united national best practice, PIAAC standards and recommendations, and some supple-
mentary provisions to achieve the best possible fieldwork results. The German PIAAC field-
work strategy focused on:

a) interviewers, by
® appointing experienced interviewers with excellent track records,
e providing extensive interviewer training and equipping them well for the interview,
and
e offering attractive interviewer remuneration.

b) addressing respondents, by
¢ providing appealing incentives for respondents and
e developing engaging accompanying study materials (e.g., an informative brochure and
flyer).

c) enhancing the fieldwork processes, by
* implementing an elaborate contact strategy,
® optimizing national fieldwork design and operations,
e thoroughly supervising and monitoring fieldwork, and
* implementing a comprehensive validation strategy, including 100% verification of all
completed interviews.

We will now describe the German PIAAC fieldwork specifications with respect to interview-
ers and addressing the respondents. Details on how the fieldwork organization and processes
were optimized will be given in Section 3.3.

3.2.1 Interviewers

Interviewers play a key role in surveys, both as recruiters of survey participants and as data
collectors. Obtaining respondent cooperation requires special contacting and communica-
tion skills, ranging from locating the address, through showing perseverance in contact-
ing and answering questions about the survey professionally, to creating an atmosphere of
trust and interest necessary to g